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Streszczenie: Helichrysum arenarium — kocanka piaskowa z rodziny Asteraceae — od wiekdéw znana
jest w lecznictwie tradycyjnym. Celem pracy byta analiza sktadu chemicznego olejkow eterycznych
i frakcji lotnych emitowanych znad kwiatostanéw oraz lisci i fodyg kocanek zebranych z dwdéch
naturalnych stanowisk wystepowania w Polsce. Olejki eteryczne izolowano metodg destylacji
z parg wodng (DPW), a frakcje lotne z wykorzystaniem mikroekstrakcji do fazy statej z fazy nadpo-
wierzchniowe]j (HS-SPME). Sktad chemiczny olejkow i frakcji analizowano metodg chromatografii
gazowej sprzezonej ze spektrometrig mas (GC-MS). Wyniki wskazaty na weglowodory seskwiter-
penowe, m.in. (E)-8-kariofilen i 6-kadinen, oraz weglowodory monoterpenowe, takie jak a-pineny
i B-pineny oraz limonen jako dominujgce sktadniki olejkéw lub frakcji lotnych nadpowierzchnio-
wych. Analiza poréwnawcza prébek pochodzacych z réznych lokalizacji w Polsce ujawnita zblizony
profil chemiczny, z dominujgcy frakcjg sktadnikéw seskwiterpenowych. Zestawienie wynikow
z danymi literaturowymi wskazuje na podobienstwa w sktadzie jakosciowym i na rdznice w skfadzie
ilosciowym terpendw olejkéw, determinowanych pochodzeniem geograficznym, co podkresla
wptyw warunkéw srodowiskowych na sktad i witasciwosci tych olejkdw. Wystepowanie
(E)-B-kariofilenu sugeruje potencjalne dziatanie przeciwzapalne i przeciwbakteryjne badanych
olejkéw, natomiast limonen i a-pinen moga wykazywac wihasciwosci antyoksydacyjne, co wspiera
mozliwo$é zastosowania badanych olejkdw w kosmetologii i aromaterapii. Zastosowana metoda
HS-SPME, w pofaczeniu z GC-MS, okazata sie skuteczna w analizie wysoce lotnych monoterpenéw
i alifatycznych nieterpenowych skfadnikéw, wykazujac jej przydatnosé¢ w badaniach nad olejkodaj-
nymi substancjami roslinnymi.

Stowa kluczowe: Helichrysum arenarium, olejek eteryczny, destylacja z parg wodng, frakcja lotna,
HS-SPME



Abstract: Helichrysum arenarium commonly known as sand immortelle, belonging to the
Asteraceae family, has been recognized for centuries for its use in traditional medicine. This study
aimed to analyze the chemical composition of essential oils and volatile fractions emitted from the
flower heads, leaves, and stems of H. arenarium collected from two natural habitats in Poland.
Essential oils were isolated using steam distillation (DPW), while volatile fractions were extracted
using headspace solid-phase microextraction (HS-SPME). The chemical composition of these
samples was analyzed by gas chromatography coupled with mass spectrometry (GC-MS). The
results revealed the presence of sesquiterpene hydrocarbons, such as (E)-8-caryophyllene and
6-cadinene, and monoterpene hydrocarbons, including a- and 8-pinenes and limonene, as the
predominant components of the essential oils or headspace volatile fractions. Comparative
analysis of samples from different locations in Poland showed a similar chemical profile,
dominated by sesquiterpene fractions. Comparison with literature data highlighted qualitative
similarities and quantitative differences in the terpene composition of the oils, driven by
geographical origin, thereby underscoring the influence of environmental conditions on the
composition and properties of essential oils. The presence of (E)-8-caryophyllene suggests
potential anti-inflammatory and antibacterial properties of the oils, while limonene and a-pinene
may exhibit antioxidant effects, supporting the potential application of the studied oils in
cosmetology and aromatherapy. The HS-SPME method, coupled with GC-MS proved to be
effective in analyzing highly volatile monoterpenes and aliphatic non-terpene components,
demonstrating its applicability in studies of essential oil-bearing plant materials.

Keywords: Helichrysum arenarium, essential oil, hydrodistillation, volatile fraction, HS-SPME



Wykaz skrotow

CB1 — receptor kannabinoidowy 1

CB2 — receptor kannabinoidowy 2

DPW — destylacja z parg wodna

DVB/CAR/PDMS — diwinylobenzen/ karboksen/polidimetylosiloksan
GC — chromatografia gazowa

HS-SPME — mikroekstrakcja do fazy statej z fazy nadpowierzchniowej (ang. headspace solid phase
microextraction)

IL-6 — interleukina 6

Mcz — masa czgsteczkowa

MS — spektrometria mas

Rl — indeks retencji

ROS - reaktywne formy tlenu (ang. reactive oxygen species)

TNF-a — czynnik martwicy nowotwordw alfa



1. Wprowadzenie

Helichrysum arenarium (L.) Moench, kocanka piaskowa, jest gatunkiem z rodziny Asteraceae, ktory
od sredniowiecza znajduje zastosowanie w lecznictwie. W medycynie ludowej roslina ta jest znana
pod wieloma nazwami, np. kocanka cytrynowa, niesmiertelnik z6tty czy suchotuska. Nazwa rodza-
jowa Helichrysum wywodzi sie od greckich stéw nawigzujgcych do barwy kwiatéw: helios — stonce,
chrysos — ztoto, natomiast nazwa gatunkowa arenarium pochodzi od tacinskiego stowa arenaris, co
oznacza ,piaskowy”, ,rosnacy na piaskach” i odnosi sie do naturalnych stanowisk wystepowania
kocanek (Pljevljakusi¢ i in., 2018). Kocanki rosng na obszarach piaszczystych, dobrze nastonecznio-
nych. Preferujg suche faki, skarpy, pobocza, pola i zarosla (Sawilska, 2015; Pljevljakusic¢ i in., 2018).

H. arenarium jest byling wytwarzajgcg odrosty korzeniowe oraz kigcza, z ktérych wyrastajg
liczne rozety liSciowe oraz pojedyncze, wznoszace sie pedy kwiatostanowe. Cata roslina jest po-
kryta wetnistym owtosieniem. Ma charakterystyczny, stodkawy, lekko korzenny zapach oraz gorz-
kawy, $ciggajacy smak. Drobne kwiaty rurkowate o koronie zwykle pomaranczowej sg zebrane
w kuliste koszyczki, a te w baldachoksztattng wieche. Liczne listki okrywy koszyczka sg suche
i btoniaste, utozone dachéwkowato, majg najczesciej cytrynowozoétte zabarwienie (Sawilska, 2015).

Kwiatostany kocanek zawierajg gtéwnie flawonoidy, w tym chalkony z dominujgcym izosali-
purpozydem, flawanony: salipurpozyd oraz inne mono- i diglikozydy naryngeniny, flawonole: mo-
no- i diglikozydy kemferolu i kwercetyny oraz flawony: mono- i diglikozydy apigeniny i luteoliny
(Danaila-Guidea i in., 2022; Pljevljakusic i in., 2018; Akaberi i in., 2019). Zgodnie z wymaganiami
Farmakopei Polskiej XllI kwiaty kocanek — Helichrysi flos — powinny zawiera¢ nie mniej niz 0,5%
flawonoidow w przeliczeniu na kwercetyne (FP Xlll, 2023). Ponadto w sktadzie kwiatow wystepuja
takze ftalidy, kumaryny, laktony seskwiterpenowe, olejek eteryczny (0,05%) oraz fitosterole:
3-0-glukozydy B-sitosterolu i stigmasterolu (Danaila-Guidea i in., 2022; Pljevljakusi¢ i in., 2018;
Zheljazkov i in., 2022).

Dane literaturowe wskazuja, iz zwigzki czynne obecne w kwiatostanach H. arenarium wykazu-
jg dziatanie spazmolityczne na miesnie gtadkie pecherzyka zétciowego, przewodéw Zzédtciowych
oraz zwieracza banki watrobowo-trzustkowej. Dzieki temu przywracajg prawidtowg amplitude
ruchéw perystaltycznych tych struktur. Zmniejszenie oporéw dla pradu zéfci prowadzi takze do jej
tatwiejszego i regularniejszego przeptywu do dwunastnicy. Preparaty z kwiatostanéw kocanek sg
stosowane w leczeniu réznych schorzen zwigzanych z uktadem zétciowym, w tym w atonii peche-
rzyka zotciowego, skurczu zwieracza banki watrobowo-trzustkowej, w niedostatecznym wytwarza-
niu zétci badz jej utrudnionym przeptywie, pomocniczo w kamicy drdg zétciowych oraz po opera-
cjach w obrebie dréog zétciowych (Danaila-Guidea i in., 2022; Pljevljakusi¢ i in., 2018;
Lamer-Zarawska i in., 2007; Akaberiiin., 2019). Wykorzystanie kwiatow kocanek w lecznictwie jest
rowniez udokumentowane przez Europejska Agencje Lekéw (EMA, 2016). Duza rdéznorodnosé
sktadu chemicznego kwiatostandw kocanek sugeruje, ze roslina ta moze wykazywaé szersze niz
z6fciopedne i wspomagajace trawienie wtasciwosci terapeutyczne. W literaturze naukowej udo-
kumentowano takze jej dziatanie przeciwzapalne, przeciwbakteryjne i przeciwgrzybicze
(Danaila-Guidea i in., 2022; Pljevljakusic¢ i in., 2018; Zheljazkov i in., 2022). Za takie wtasciwosci
mogay odpowiadac réwniez sktadniki olejku eterycznego kocanek piaskowych (Danaila-Guidea i in.,
2022). W zwigzku z tym celem niniejszej pracy jest przyblizenie charakterystyki sktadnikéw zapa-
chowych z kwiatostandéw oraz niezaleznie z lisci itodyg Helichrysum arenarium, pozyskanych
z dwdch réznych stanowisk jej naturalnego wystepowania w Polsce. Olejki eteryczne zostaty wyizo-
lowane z materiatu roslinnego metodg destylacji z parg wodng (DPW), a frakcje lotne znad surow-
ca — metodg mikroekstrakcji do fazy statej z fazy nadpowierzchniowej (HS-SPME). Olejki oraz frak-
cje lotne otrzymane z substancji roslinnych analizowano nastepnie metodg chromatografii gazowej
w potaczeniu ze spektrometrig mas (GC-MS). Uzyskane wyniki poddano analizie w celu okreslenia
jakosciowego i ilosciowego sktadu frakcji zwigzkéw lotnych, odpowiedzialnych m.in. za zapach
analizowanych substancji roslinnych H. arenarium. Poréwnano réwniez sktad chemiczny badanych
olejkéw eterycznych w zaleznosci od regionu geograficznego wystepowania rosliny.



2. Materiaty i metody
2.1. Materiat roslinny

Materiat do badan stanowity kwiatostany oraz tgcznie liscie i todygi Helichrysum arenarium (L.)
Moench zebrane z dwéch stanowisk naturalnego wystepowania tego gatunku, tj. z piaszczystych
nieuzytkow w Gorodzisku (52°50°'N 23°35°E, woj. podlaskie) i z niezagospodarowanej dziatki bu-
dowlanej w Keblinach (51°55°N 198°30°E, woj. tédzkie). Wymienione stanowiska zbioru materiatu
roslinnego dzielita znaczna odlegtos¢ — 376 km. Identyfikacja gatunku H. arenarium zostata prze-
prowadzona przez autoréw niniejszej pracy we wspodtpracy ze specjalistami w dziedzinie taksono-
mii roslin z Ogrodu Roslin Leczniczych Uniwersytetu Medycznego w todzi.

Po zbiorze swiezego materiatu roslinnego rozdrobniono go recznie, a nastepnie, po zwazeniu,
przeznaczono do izolacji olejkéw eterycznych oraz frakcji lotnych z wykorzystaniem odpowiednio
metod DPW i HS-SPME.

2.2. Destylacja z parg wodng (DPW)

Olejki eteryczne z kwiatostanéw oraz niezaleznie z lisci i todyg H. arenarium izolowano metodg de-
stylacji z parg wodng (DPW) z wykorzystaniem aparatu Derynga (Rassem i in., 2016; FP VI, 2002).
Do 400 g kwiatostanéw i 288 g lisci i todyg zebranych w Gorodzisku oraz 1470 g kwiatostandw
i 1000 g lisci i todyg zebranych w Keblinach dodano 3 | wody. Otrzymang mieszanine poddano
trzygodzinnej destylacji z parg wodng. Uzyskane olejki eteryczne zbierano w odbieralniku, w mie-
szaninie pentan—eter dietylowy (1:1), wysuszono bezwodnym siarczanem (VI) magnezu i przecho-
wywano w temperaturze 4°C do czasu przeprowadzenia analizy GC-MS.

2.3. Mikroekstrakcja do fazy statej z fazy nadpowierzchniowej (HS-SPME)

W celu izolacji frakcji zwigzkédw lotnych emitowanych znad surowca zastosowano metode
HS-SPME (Pawliszyn, 1997; Agatonovic-Kustrin i in., 2023). W tym celu 3,5 g kwiatostanéw i 4,9 g
lisci i fodyg zebranych w Gorodzisku oraz 3,5 g kwiatostanéw i 5,0 g lisci i fodyg pozyskanych
w Keblinach umieszczono w szczelnie zamknietych szklanych fiolkach, ktére nastepnie przeniesio-
no do tazni wodnej (temp. 60°C) i termostatowano przez 10 min. Po ustaleniu réwnowagi miedzy
matrycg a fazg gazowg wprowadzono do fiolki widkno sorpcyjne SPME pokryte faza
DVB/CAR/PDMS (diwinylobenzen/karboksen/polidimetylosiloksan) o grubosci 60 um (Supelco)
i prowadzono ekstrakcje sktadnikéw lotnych przez 30 min. W celu desorpcji badanych analitow
wtdékno niezwtocznie wprowadzono do dozownika chromatografu gazowego GC (280°C) na 2 min.

2.4. Analiza GC-MS

Analizy GC-MS sktadnikéw olejkowych i frakcji lotnych wykonano przy uzyciu chromatografu ga-
zowego Trace GC Ultra sprzezonego ze spektrometrem masowym DSQ Il (Thermo Electron) z wy-
korzystaniem niepolarnej kolumny kapilarnej Rtx-1MS (Restek) o wymiarach 60 m x 0,25 mm
i grubosci filmu 0,25 um. Temperatura kolumny zaprogramowana w zakresie: 50-300°C, z przyro-
stem liniowym 4°C/min. Temperatura dozownika — 280°C, detektora — 300°C. Gaz nos$ny — hel
z przeptywem 0,8 ml/min, ci$nienie state — 300 kPa, energia jonizacji — 70 eV, temperatura zrédta
jonéw — 200°C.

Identyfikacje sktadu olejkéw eterycznych i frakcji lotnych przeprowadzono przez poréwnanie
indekséw retencji (RI), ustalonych na podstawie czaséw retencji mieszaniny wzorcowych
n-alkanéw C8-C32 z indeksami literaturowymi (Babushok i in., 2011) i widm masowych MS anali-
zowanych sktadnikdw z widmami MS wzorcéw z bibliotek widm NIST 98.1 Mass Finder 3.1., do-
stepnych w programie Xcalibur (Thermo Electron Corporation).
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3. Wyniki
3.1. Sktad chemiczny olejkow eterycznych H. arenarium

Olejki eteryczne H. arenarium otrzymane metodg DPW z kwiatostandéw oraz tacznie z lisci i todyg
zebranych w Gorodzisku (woj. podlaskie) charakteryzowaty sie lekko niebieskg barwg, natomiast
olejki uzyskane z tych samych surowcéw zebranych w Keblinach (woj. tédzkie) byty koloru jasnozot-
tego. Wszystkie olejki cechowaty sie aromatycznym, lekko ziotowym zapachem.

Analiza metodg GC-MS olejkéw eterycznych z kwiatostandw pochodzacych z Gorodziska i Ke-
blin wykazata obecnos¢ odpowiednio 94 i 96 zwigzkéw, stanowigcych 94,0% i 93,2% wszystkich
sktadnikow olejkowych. Z kolei w olejkach z lisci i todyg, pozyskanych z tych samych stanowisk, wy-
kryto odpowiednio 72 i 73 zwigzki odpowiadajace 88,4% i 89,6% sumy sktadnikdw. W kwiatowych
olejkach dominujgcymi sktadnikami byty 8-pinen, (E)-8-kariofilen i 6-kadinen, natomiast w olejkach
z lisci i todyg przewazaty (E)-8-kariofilen, a-pinen oraz &-kadinen lub limonen (Tabela 1).

Kazdy z olejkow kwiatowych zawierat 12 weglowodoréw monoterpenowych, stanowigcych
17,1% i 17,4% catkowitej zawartosci olejkéw, odpowiednio z Gorodziska i Keblin. W olejkach z lisci
i todyg liczba weglowodoréw monoterpenowych wynosita odpowiednio 11 i 10 zwigzkdw, stano-
wigcych kolejno 13,8% i 23,3% sktadu. Gtéwne sktadniki tej grupy obejmowaty a- i 8-pineny (2,9—
8,8%) oraz limonen (2,3-5,2%), ktdre facznie stanowity ponad 75% catkowitej zawartosci mono-
terpenéw. Kolejna grupa licznych sktadnikéw olejkowych to tlenowe pochodne monoterpendw.
W olejkach kwiatowych wykryto po 15 i 16 zwigzkdw tej grupy, stanowigcych 9,5% i 11,5% sktadu,
odpowiednio z Gorodziska i Keblin. W olejkach z lisci i todyg wykryto 11 i 15 sktadnikéw, ktérych
udziat wynosit 5,9% i 10,6%. Sposrod tej grupy zwigzkéw na uwage zastuguja: a-terpineol (2,0-
3,7%), 1,8-cyneol (1,4-3,3%), linalol (1,0-2,0%) i borneol (0,5-1,4%).

Weglowodory seskwiterpenowe stanowity gtéwng frakcje lotng wszystkich analizowanych
olejkdw eterycznych z H. arenarium. W olejkach kwiatowych wykryto 22 i 20 zwigzkdw tej grupy,
stanowigcych odpowiednio 33,2% i 33,0% wszystkich sktadnikéw olejkéw, odpowiednio z Gorodzi-
ska i Keblin. W olejkach z lisci i todyg zidentyfikowano po 21 zwigzkdéw, stanowigcych odpowiednio
42,4% i 28,9% sktadu. Dominowaty tutaj bicykliczne seskwiterpeny o szkielecie kadinanu, m.in.
a- i y-muuroleny, a-, y- i 8-amorfeny oraz a-, y- i 6-kadineny. Ich sumaryczny udziat wynosit 39,3—
49,6% sktadu zidentyfikowanych seskwiterpenéw. Ponadto obecne byty w olejkach seskwiterpeny
m.in. o szkielecie aromadendranu: aromadendren i allo-aromadendren, gwajanu: 8-gwajen, kario-
filanu: (E)-B-kariofilen, izokariofilen i humulanu: a-humulen oraz seskwiterpeny acykliczne:
(E)-B8-farnezen. Sposrdod indywidualnych weglowodorédw seskwiterpenowych dominowaty
w olejkach: (E)-B8-kariofilen (7,4-11,4%), 6-kadinen (3,4-5,6%) oraz (E)-8-farnezen (1,3—4,7%).
Tlenowe pochodne seskwiterpendéw réwniez byty licznie reprezentowane w analizowanych olej-
kach. W olejkach kwiatowych z Gorodziska i Keblin zidentyfikowano 10 i 13 takich zwigzkéw (od-
powiednio 10,8% i 12,0% sktadu), natomiast w olejkach z lisci i todyg odpowiednio 12 i 11
zwigzkdw, ktére stanowity 20,7% i 17,6%. Do dominujgcych zwigzkdw tej grupy nalezaty: t-kadinol
(2,5-5,3%), a-kadinol (1,3-2,6%) oraz tlenek (E)-8-kariofilenu (1,0-2,5%).

Olejki eteryczne zawieraty rdwniez zwigzki o budowie alifatycznych nieterpenéw. W olejkach
kwiatowych z Gorodziska i Keblin zidentyfikowano odpowiednio 28 i 30 zwigzkdéw z tej grupy, sta-
nowigcych 21,1% i 16,5% sktadu, a w olejkach z lisci i todyg — odpowiednio 10 i 11 zwigzkdw,
stanowigcych 3,3% i 7,9%. Dominujgce zwigzki tej grupy to dekanal (do 3,5%), (E)-heks-2-enal (do
3,5%) oraz nonanal (do 2,7%).

W badanych olejkach stwierdzono takze wystepowanie innych, rzadziej spotykanych zwigz-
kow, jak chamazulen (0,1-1,4%), ktory nadaje olejkom charakterystyczng, niebieskg barwe. Kolej-
nym sktadnikiem jest eugenol z grupy fenylopropanoidéw, a takze 8-damascenon i 8-damaskon,
zwigzki nalezgce do nienasyconych ketonéw rézanych.
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3.2. Sktad chemiczny frakcji lotnych H. arenarium

Frakcje lotne z kwiatostandw oraz facznie z lisci i fodyg H. arenarium zebranych w Gorodzisku i Ke-
blinach otrzymano metoda mikroekstrakcji do fazy statej z fazy nadpowierzchniowej (HS-SPME).
Metoda ta jest ceniona w analizie lotnych zwigzkéw organicznych, umozliwia ich bezrozpuszczal-
nikowe pobieranie bezposrednio znad surowca i koncentracje, co pozwala na precyzyjng analize
przy minimalnej ingerencji w prébke. W trakcie tego procesu zwigzki lotne adsorbujg sie na widk-
nie SPME, a nastepnie s3 desorbowane w wysokiej temperaturze w dozowniku chromatografu
gazowego (GC) (Pawliszyn, 1997; Agatonovic-Kustrin i in., 2023).

Analiza GC-MS frakcji lotnych z kwiatostandw z Gorodziska i Keblin wykazata obecnosé 43 i 42
zwigzkdéw, stanowigcych odpowiednio 91,9% i 86,9% sktadu (Tabela 1). Natomiast we frakcjach
lotnych z lisci i todyg wykryto odpowiednio 40 i 44 sktadniki, ktérych zawartos¢ wynosita 89,3%
i 92,8%. Frakcje lotne z kwiatostandéw, niezaleznie od miejsca pochodzenia, charakteryzowaty sie
przewagg (E)-6-kariofilenu, limonenu i a-pinenu. Natomiast we frakcjach z lisci i todyg dominowaty
limonen oraz a-pinen lub (E)-8-kariofilen.

W lotnych frakcjach z kwiatostandw, niezaleznie od miejsca ich zbioru, dominowaty weglowo-
dory monoterpenowe i seskwiterpenowe. Z monoterpenéw zidentyfikowano 13 i 11 weglowodo-
row stanowigcych odpowiednio 37,6% i 40,1% sktadu, z dominujgcymi limonenem (13,4-15,7%),
a-pinenem (9,9-10,3%) i B-pinenem (5,6—6,2%). Z kolei z seskwiterpendw oznaczono 16 i 19 sktad-
nikéw z ich udziatem na poziomie 41,4% i 39,5%, gdzie gtdwnymi zwigzkami byty (E)-8-kariofilen
(14,8-18,1%), a-kopaen (5,6—6,4%) oraz 6-kadinen (2,9-4,5%).

Frakcje sktadnikéw lotnych z lisci i fodyg byty najbogatsze w weglowodory monoterpenowe.
Zidentyfikowano kolejno 11 i 12 zwigzkdw tej grupy, stanowigce odpowiednio 46,0% i 42,4% sumy
oznaczonych sktadnikéw, z dominujacymi limonenem (17,9-19,9%), a-pinenem (10,5-12,5%)
i B-pinenem (2,4-6,8%). W znaczacej ilosci wystepowaty réwniez weglowodory seskwiterpenowe
z18 i 16 zidentyfikowanymi sktadnikami tej grupy, stanowigcymi 25,6% i 30,1% sktadu
i przewazajacymi (E)-8-kariofilenem (5,6—13,8%) oraz a-kopaenem (5,2-5,9%).

Poréwnanie sktadu chemicznego wyzej scharakteryzowanych olejkéw eterycznych oraz frakgji
lotnych z kwiatostanéw oraz z lisci i todyg H. arenarium z Gorodziska i Keblin (Tabela 1) wskazuje,
iz weglowodory seskwiterpenowe dominowaty zaréwno w olejkach eterycznych, jak i w niektdrych
frakcjach lotnych. Weglowodory monoterpenowe przewazaty gtdéwnie we frakcjach lotnych, ze
wzgledu na wyzszy poziom ich adsorpcji na wiéknach SPME. Z kolei tlenowe pochodne monoterpe-
now oraz weglowodory alifatyczne mogty stabiej wigzac sie z wtéknem, co skutkowato ich znacznie
nizszg zawartoscig we frakcjach lotnych. Warto réwniez podkresli¢, ze tlenowe pochodne seskwi-
terpendw, o niemal dwukrotnie wiekszej masie molowej i polarnosci od monoterpendw, nie zo-
staty wyizolowane metodg HS-SPME z badanych prébek roslinnych. Natomiast w fazie nadpo-
wierzchniowej surowcéw, zastosowanie metody HS-SPME umozliwito identyfikacje specyficznych
sktadnikow determinujgcych zapach kocanki, m.in. heksanalu, zwigzku przypominajgcego zapach
Swiezej trawy z nutg owocowa.
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Tabela 1. Wyniki analizy GC-MS skfadu chemicznego olejkdéw eterycznych oraz frakcji lotnych
otrzymanych z kwiatostanéw oraz lisci i fodyg H. arenarium.

Olejek eteryczny DPW Frakcja lotna HS-SPME

liscie liscie liscie liscie

sktadnik RI  Mcz kwiaty? kwiaty® kwiaty 2 kwiaty P
fodygi® todygi® fodygi @ todygi®
%

heksanal 778 100 - - - 0.5 0.5 2.0 0.7
oktan 799 114 0.2 0.1 0.1 0.1 - - - -
(E)-heks-2-enal 830 98 - - 0.4 3.5 - - 0.5 0.4
non-1-en 850 126 - - 0.2 - - - - -
(E)-heks-3-en-1-ol 843 100 - - - 0.9 - - - -
heksan-1-ol 857 102 - - - 1.5 - - - -
heptanal 882 114 0.2 0.3 - 0.3 - - - -
nonan 889 128 0.3 0.2 - - - - - -
4-metyloheptan-3-on 916 128 1.8 0.5 - - 3.8 0.5 7.9 0.6
a-pinen 931 136 4.3 4.0 5.0 8.8 9.9 10.2 10.5 12.5
a-fenchen 942 136 - - - - - 0.1 0.2 0.2
kamfen 943 136 0.6 0.6 0.4 1.1 1.0 0.7 0.9 1.0
4-metyloheptan-3-ol 956 130 0.1 - - - - - - -
6-metylohept-5-en-2-on 964 126 - - - - 0.7 0.3 1.3 0.4
B-pinen 970 136 8.0 7.2 2.9 4.3 6.2 5.6 6.8 2.4
2-pentylofuran 978 138 1.3 1.2 0.3 0.6 - - - -
heptanian metylu 979 144 - - - - - 1.9 - 1.7
oktanal 981 128 1.9 1.8 - - - - - -
mircen 981 136 - - 1.0 1.6 2.1 2.6 3.2 2.5
izolimonen 985 136 0.6 0.4 0.3 0.4 - - - -
2,3-dehydro-1,8-cyneol 993 152 - - 0.2 0.2 - - - -
a-felandren 993 136 0.1 0.1 - - 0.2 0.2 0.4 0.2
p-metyloanizol 997 122 - 0.4 - - - - - -
6-kar-3-en 999 136 0.2 - - - - - - -
a-terpinen 1005 136 - 0.2 - 0.1 0.5 0.5 0.2 0.3
m-cymen 1009 134 0.2 0.3 0.1 0.5 0.6 0.8 1.5 1.3
1,8-cyneol 1016 154 1.6 3.3 - 1.4 - - - 11.7
limonen 1019 136 2.3 3.2 3.1 5.2 13.4 15.7 19.9 17.9
(2)-8-ocymen 1028 136 0.1 0.1 0.2 - 0.5 - - -
(E)-B-ocymen 1039 136 0.1 0.3 0.1 - 0.3 - - -
y-terpinen 1050 136 0.3 0.5 0.5 1.0 1.2 2.2 1.8 2.8
oktan-1-ol 1060 130 0.3 0.4 - - - - - -
p-cymenen 1073 132 - - - - 0.2 - - 0.2
nonan-2-on 1074 142 - 0.1 - - - - - -
terpinolen 1079 136 0.3 0.5 0.2 0.4 1.5 1.3 0.5 1.1
nonanal 1085 142 2.7 2.4 - 0.4 2.0 0.7 - 0.2
B-linalol 1086 154 - - 2.0 1.0 - - - -
a-fenchol 1098 154 0.4 0.6 0.2 0.3 0.2 0.2 - 0.2
perillen 1107 150 - 0.5 - - - - - -
a-kamfolenal 1104 152 - - - 0.2 - - - -
kamfora 1121 152 - 0.1 - - - - - -
trans-pinokarweol 1124 152 0.2 0.1 - 0.2 - - - -
izopulegol 1131 154 0.4 0.4 - - - - - -
hydrat kamfenu 1133 154 - - - 0.3 - - - 0.1
(E)-non-2-enal 1141 140 0.4 0.4 - - - - - -
S-terpineol 1148 152 - - - - - - - 0.2
borneol 1151 154 1.0 1.4 0.5 1.4 - - - -
kwas kaprylowy 1157 144 - - - - 0.5 0.2 - -
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Tabela 1. Wyniki analizy GC-MS sktadu chemicznego olejkéw eterycznych... (cd.)

terpinen-4-ol
myrtenal
a-terpineol
kaprylan etylu
dekanal
werbebon
B-cyklocytral
octan fenchylu

2-metylobutanian heksenylu
2-metylobutanian heksylu

(E)-dec-2-enal
aldehyd perilla
octan bornylu
octan lawandulylu
undekan-2-on

octan trans-pinokarweolu

dihydroedulan
octan terpinen-4-ylu
undekanal
tridekan
eugenol
B-damascenon
a-ylangen
a-kopaen

kwas kaprynowy
B-bourbonen
dodekanal
tetradekan
B-damaskon
izokariofilen
longifolen
(E)-B-kariofilen
aristol-1(10)-en
B-kopaen
geranyloaceton
aromadendren
(E)-B-farnezen
a-humulen
allo-aromadendren
B-jonon
y-muurolen
a-amorfen
B-gwajen
y-amorfen
epi-zonaren
a-muurolen
6-amorfen
y-kadinen
cis/trans-kalamenen
6-kadinen
zonaren
kadina-1,4-dien
a-kalakoren
a-kadinen

1164
1167
1175
1183
1187
1183
1197
1205
1218
1226
1244
1254
1268
1273
1276
1279
1280
1286
1289
1298
1337
1362
1369
1374
1379
1381
1389
1397
1391
1398
1406
1417
1424
1426
1429
1435
1446
1448
1455
1463
1469
1472
1480
1484
1489
1491
1497
1504
1507
1513
1515
1522
1528
1528

154
150
154
172
156
150
152
196
184
186
154
150
196
196
152
194
194
196
170
184
164
190
204
204
172
204
184
198
192
204
204
204
204
204
196
204
204
204
204
192
204
204
204
204
204
204
204
204
202
204
204
204
200
204

0.7
0.5
2.6
3.5
0.6
0.2
0.2

0.4
0.3

0.3
0.2
0.5
0.2
0.4
0.2
0.8
3.7

0.4
0.8

0.2
7.4
0.4
0.2
0.4
13
1.2
0.3
0.1
2.6
0.8
0.3
0.7
2.3
0.4
2.4
0.7
5.5

0.6
11

0.8
0.1
3.0
0.7
2.6
0.1
0.2

0.1
0.5
0.4
0.1
0.2
0.3
0.2
0.4
0.2
0.5
0.3
0.4
2.9
1.0
0.3
0.7

11.4
0.4

0.4
1.4
0.9
0.3
2.2
0.7
0.3
0.6
2.0
0.3
2.1
0.6
4.5

0.5
1.0

0.2
0.1
2.0

0.6
0.2
0.1

0.4
0.1

0.1

0.2
0.7
3.8

0.4

0.2

0.2
8.3
0.3

1.0
4.7

0.4
0.2
34
13
0.4
1.0

2.8

33

13

5.6

0.8
1.6

0.4
0.1
3.7

0.2
0.2

0.9
0.3

0.2
0.9
2.2

0.2

0.1
0.2
0.2
8.6

0.3
0.6
2.8

0.3
0.2
1.8
0.6

0.5

1.6
0.3
1.9
0.8
34

0.4
1.0

1.0

2.1

0.7

0.1

14.8
0.4
0.7
0.7
0.8
0.3

4.1
0.7

0.9

2.4

2.3

0.4
4.5

0.7

0.6

1.9

0.3
0.1

18.1

0.4

0.6
1.6
0.5
0.2

2.5
0.5

0.6
0.5
1.3

1.8
0.3
2.9
0.5
0.3

0.5

0.2

0.6

0.2

3.1
1.0

0.6
0.2

1.3
5.9

0.2

0.5
1.0
0.2
0.1

2.6
0.5

0.7

1.5

2.0

0.4

2.2

0.2

0.3

0.5

0.5

2.5

0.1
0.1

0.5
0.4

0.8
5.2

0.1

0.4
1.6
0.8

1.8

0.3

0.4

1.2

13

0.3

1.6
0.2

0.3
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Tabela 1. Wyniki analizy GC-MS sktadu chemicznego olejkdw eterycznych... (cd.)

(E)-nerolidol 1547 222 0.5 0.5 0.7 0.5 - - - -
kariofilenol 1558 222 - 0.4 0.6 0.8 - - - -
kwas laurynowy 1561 200 0.8 0.6 - - - - - -
tlenek (E)-B8-kariofilenu 1568 220 1.0 1.9 1.9 2.5 - - - -
gleenol 1573 222 0.8 1.3 1.4 - - - - -
wiridiflorol 1580 222 0.3 0.4 0.5 1.3 - - - -
tlenek humulenu | 1592 206 - - 1.0 - - - - -
tetradekanal 1591 212 0.9 - - - - - - -
tlenek humulenu II 1592 220 - 0.3 - - - - - -
heksadekan 1595 226 0.4 - - - - - - -
rosifoliol 1593 222 - 1.0 - 1.6 - - - -
tlenek ledenu 1602 220 1.1 0.8 1.8 14 - - - -
muurola-4,10(14)-dien-1-ol 1609 220 0.7 0.5 2.3 14 - - - -
1,10-di-epi-kubenol 1612 222 - - 1.5 1.0 - - - -
1-epi-kubenol 1613 222 0.8 0.7 1.1 0.8 - - - -
kubenol 1617 222 0.5 0.4 - - - - - -
t-kadinol 1625 222 2.9 2.5 5.3 3.9 - - - -
a-kadinol 1638 222 2.1 13 2.6 2.6 - - - -
kadalen 1656 198 0.1 - 1.3 0.5 - - - -
pentadekanal 1692 226 1.6 0.9 0.9 0.5 - - - -
chamazulen 1712 184 0.1 - 14 - - - - -
kwas mirystynowy 1760 228 2.1 1.4 - 0.1 - - - -
heksadekanal 1795 240 0.3 - - - - - - -
octadekan 1795 254 - 0.2 - - - - - -
heksahydroksyfarnezyloaceton 1827 268 0.4 0.4 0.8 0.6 - - - -
kwas pentadekanowy 1838 242 - 0.1 - - - - - -
heptadekanal 1895 254 0.2 0.2 0.1 - - - - -
kwas palmitynowy 1956 256 0.2 - 0.1 - - - - -
palmitynian etylu 1975 284 - 0.3 - - - - - -
eikozan 1996 282 0.1 0.1 - - 0.2 - - -
oktadekanal 2000 268 0.1 - - - - - - -
geranyllinalolu 2011 272 0.1 - 0.1 - - - - -
fitol 2100 296 - - 0.1 0.1 - - - -
trikozan 2296 324 0.2 0.1 - - - - - -
pentakozan 2499 352 0.5 0.2 0.1 0.1 - - - -
heptakozan 2692 380 0.2 0.1 - - - - - -
94.0 93.2 88.4 89.6 91.9 86.9 89.3 92.8
weglowodory monoterpenowe 17.1 17.4 13.8 23.3 37.6 40.1 46.0 42.4
tlenowe pochodne monoterpendéw 9.5 11.5 5.9 10.6 4.2 3.0 1.8 16.4
weglowodory seskwiterpenowe 33.2 33.0 424 28.9 414 39.5 25.6 30.1
tlenowe pochodne seskwiterpendéw 10.8 12.0 20.7 17.6 - - - -
weglowodory alifatyczne 21.1 16.5 33 7.9 8.7 4.3 15.9 3.9
inne 2.5 2.7 2.3 1.3 - - - -

Substancje roslinne pozyskane ze stanowisk naturalnego wystepowania H. arenarium w Polsce: (a) — Gorodzisko (woj.
podlaskie), (b) — Kebliny (woj. tédzkie), DPW — destylacja z parg wodng, HS-SPME — mikroekstrakcja do fazy statej z fazy

nadpowierzchniowe;j.
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4. Dyskusja

Kocanka piaskowa (Helichrysum arenarium) jest znana ze swoich dobrze udokumentowanych wta-
Sciwosci leczniczych, szczegdlnie cenionych w terapii dolegliwosci zwigzanych z uktadem zéfcio-
wym (Danaild-Guidea i in., 2022; Pljevljakusi¢ i in. 2018). Roslina ta wystepuje naturalnie w Euro-
pie, szczegdlnie na terenach piaszczystych, i wyrdznia sie z6ttymi kwiatami oraz unikalnym sktadem
chemicznym (Sawilska, 2015; Pljevljakusic¢ i in., 2018). W niniejszej pracy przeanalizowano sktad
chemiczny olejkdw eterycznych otrzymanych z kwiatostanéw oraz lisci i fodyg kocanek piaskowych
zebranych z dwéch naturalnych stanowisk ich wystepowania w Polsce. Wskazano, iz olejki ete-
ryczne i frakcje lotne, w zaleznosci od materiatu surowcowego, charakteryzujg sie przewaga we-
glowodoréw seskwiterpenowych, w tym (E)-8-kariofilenu i é-kadinenu, oraz weglowodoréw
monoterpenowych, m.in. a- i 8-pinenu i limonenu. Zasadne wydaje sie wiec zestawienie uzyska-
nych wynikéw z rezultatami badan nad olejkami eterycznymi tego gatunku prowadzonymi w in-
nych krajach, co pozwoli na lepsze zrozumienie wptywu czynnikéw geograficznych na ich sktad
chemiczny. W badaniach nad kwiatami z Litwy, Wtoch czy Turcji dominujgca frakcje olejkéw ete-
rycznych réwniez stanowity weglowodory seskwiterpenowe, szczegdlnie (E)-8-kariofilen, co po-
twierdza uniwersalnos¢ tego zwigzku jako charakterystycznego sktadnika olejkowego kwiatow
H. arenarium, niezaleznie od regionu pochodzenia (JudZentiené i Butkiené, 2006; Reidel i in., 2017;
Tigh Kaytanlioglu i in., 2021). Wyjatek w badaniach stanowity jedynie kwiaty z Chin, gdzie dominu-
jacym sktadnikiem olejku byt alkohol seskwiterpenowy, tj. 8-spatulenol (Liu i in., 2019). Rdznice
mogg wynika¢ z adaptacji kocanki piaskowej do specyficznych warunkéw srodowiskowych Chin,
wtym wiekszego nastonecznienia oraz ekstremalnych wahan temperatury. Natomiast
w przypadku poréwnania sktadu olejkow otrzymanych z lisci kocanek z Litwy odnotowano wyzszy
udziat 6-kadinenu, co moze wskazywac¢ na wptyw specyficznych warunkow klimatycznych tego
kraju, takich jak wyzsza wilgotnos¢ i umiarkowana temperatura, ktére sprzyjajg biosyntezie tego
zwigzku (JudZentiené i Butkiené, 2006). W olejku z lisci z Czarnogory, pomimo nadal wyraznie
dominujacej frakcji weglowodorow  seskwiterpenowych, wykazano najwyziszy udziat
di-epi-a-cedrenu, co moze by¢ efektem goretszego, srodziemnomorskiego klimatu tego regionu
(Rancic¢iin., 2005).

W kontekscie zastosowania olejkdw eterycznych H. arenarium w lecznictwie, jednym z kluczo-
wych zwigzkéw jest (E)-B-kariofilen, seskwiterpen o przyjemnym, goZzdzikowo-terpentynowym
zapachu. Zwigzek ten wykazuje silne dziatanie przeciwbakteryjne, hamuje wzrost bakterii
Gram-dodatnich i Gram-ujemnych, w tym m.in. Staphylococcus aureus, Escherichia coli i Pseudo-
monas aeruginosa (Dahham i in., 2015; Dickson i in., 2023). Dodatkowo (E)-8-kariofilen dziata jako
selektywny agonista receptoréw kannabinoidowych CB2, co nadaje mu witasciwosci przeciwzapal-
ne, pozbawione efektow psychoaktywnych typowych dla receptoréw CB1. Mechanizm przeciwza-
palny (E)-8-kariofilenu obejmuje m.in. hamowanie prozapalnych cytokin, takich jak TNF-a i IL-6
(Gertsch iin., 2008; Jha i in., 2021). Zwigzek ten wptywa korzystnie takze na metabolizm glukozy
i lipidéw, co ma pozytywny wptyw w przypadku cukrzycy i innych zaburzen metabolicznych
(Hashiesh i in., 2020). Kolejnym istotnym zwigzkiem seskwiterpenowym jest 6-kadinen, charakte-
ryzujgcy sie dziataniem przeciwbakteryjnym i przeciwzapalnym. Jego aktywnos$é antybakteryjna
wynika z destabilizacji bton komdérkowych bakterii prowadzacej do ich Smierci. W badaniach wy-
kazano, ze 6-kadinen dziata w szerokim spektrum bakterii, w tym na Streptococcus pneumoniae
(Pérez-Lépez i in., 2011; Gonzalez i in., 2012), wykazuje rowniez wtasciwosci przeciwgrzybicze
(Kundu i in., 2013). Podobnie jak inne sktadniki olejkéw eterycznych kocanki &6-kadinen dziata prze-
ciwzapalnie poprzez modulowanie poziomu cytokin i mediatorow zapalnych (Costa, i in., 2022).
Kolejne wazne sktadniki olejkdw eterycznych z kocanek z grupy monoterpendw to a- i 8-pineny
oraz limonen, ktdore charakteryzujg sie wtasciwosciami antybakteryjnymi i przeciwzapalnymi. Ba-
dania wskazuja, ze a-pinen jest szczegdlnie skuteczny wobec bakterii S. aureus i E. coli, a jego dzia-
tanie wzmacniane jest w potgczeniu z innymi substancjami o aktywnosci antybakteryjnej. Zaréwno
a-pinen, jak i B-pinen majg zdolnos¢ do redukcji reaktywnych form tlenu (ROS), co moze przyczy-
nia¢ sie do zmniejszenia stresu oksydacyjnego na poziomie komdérkowym i wskazywac na ich po-
tencjat jako naturalnych antyoksydantéw (Salehi i in., 2019). Limonen natomiast wykazuje
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potencjalne wiasciwosci przeciwnowotworowe, m.in. poprzez indukcje apoptozy w komodrkach
nowotworowych oraz hamowanie ich proliferacji (Ribeiro i in., 2023; Lin i in., 2024).

Do analizy kwiatostanéw oraz lisci i todyg H. arenarium wykorzystano metode HS-SPME, ma-
jaca na celu efektywng izolacje i charakterystyke sktadnikow frakcji lotnych znad surowca, odpo-
wiadajgcych za wtasciwosci zapachowe tej rosliny. Metoda ta, ceniona za krétki czas ekstrakcji,
niski koszt analizy oraz mozliwos¢ wielokrotnego wykorzystania wtdkien SPME (Pawliszyn, 1997),
pozwolita na uchwycenie szerokiego spektrum komponentéw zapachowych, szczegélnie tych wy-
soce lotnych, z réznych czesci badanej rosliny. Wyzsza zawartos¢ monoterpenéw zaobserwowana
w lotnych frakcjach z czesci zielonych rosliny moze wskazywac na ich szczegélng role w mechani-
zmach obronnych rosliny przed patogenami (Hammerbacher i in., 2019). Natomiast przewaga
weglowodoréw seskwiterpendw w olejkach eterycznych, uzyskanych metodg destylacji z parg
wodng, podkresla ich potencjalne znaczenie jako sktadnikéw bioaktywnych znajdujacych zastoso-
wanie w aromaterapii i kosmetologii (Koyama i Heinbockel, 2020).

Na podstawie przeprowadzonych analiz sktadu chemicznego olejkéw eterycznych i frakcji lot-
nych H. arenarium mozna wnioskowaé, ze roslina ta wykazuje dos¢ wysoka stabilno$¢ w zakresie
jakosci i liczby kluczowych sktadnikéw zapachowych, niezaleznie od miejsca zbioru materiatu ro-
$linnego. Zrdznicowanie kolorystyczne olejkéw wskazuje jednak na subtelne réznice w sktadzie
chemicznym zaleznie od lokalizacji, co moze sugerowac wptyw czynnikéw Srodowiskowych na bio-
synteze niektérych zwigzkdw. Niebieskg barwe olejku pozyskanego z Podlasia determinuje chama-
zulen, zidentyfikowany na poziomie do 1,4%. Analiza frakcji lotnych metodg HS-SPME réwniez
dostarczyta precyzyjnych danych na temat profilu wysoce lotnych zwigzkdw tej rosliny. Znaczaca
obecnos¢ (E)-B-kariofilenu, kluczowego seskwiterpenu, Scisle wigze sie z dziataniem przeciwzapal-
nym i przeciwbakteryjnym kocanek, co wspiera ich tradycyjne zastosowania w tagodzeniu stanow
zapalnych oraz ochronie przed infekcjami. Wysoka zawarto$¢ monoterpendw, takich jak a-pinen
i B-pinen oraz limonen, w olejkach lub frakcjach lotnych takze ma istotne znaczenie w terapeutycz-
nym zastosowaniu kocanek, poniewaz ich wtasciwosci przeciwzapalne korespondujg z tradycyjnym
wykorzystaniem rosliny w leczeniu schorzen watroby, drég zétciowych oraz uktadu pokarmowego,
gdzie przewlekte stany zapalne czesto stanowig kluczowy problem. Ponadto monoterpeny wzbo-
gacajg przyjemny, Swiezy aromat kocanek, co zwieksza ich zastosowanie w aromaterapii. W rezul-
tacie skfadniki olejkowe w postaci seskwiterpendéw i monoterpendw nie tylko podkreslajg
wszechstronnos¢ dziatania H. arenarium, ale takze wzbogacajg ich zastosowanie w nowoczesnym
ziotolecznictwie i kosmetologii.

Finansowanie: Praca byta finansowana przez Uniwersytet Medyczny w todzi, numer grantu:
503/3-022-01/503-31-001.
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Streszczenie: Pacjenci zgtaszajgcy sie do gabinetu dentystycznego coraz czesciej skarzg sie na su-
chos$¢ w obrebie jamy ustnej. Istnieje wiele powoddw zmniejszonego wydzielania sliny. NajczesSciej
problem ten jest zwigzany z wiekiem oraz przewlektym stosowaniem lekéw kserostomiogenicz-
nych. Odczuwanie suchosci oraz dyskomfortu moze mie¢ znaczenie dla nasilenia odczuwanego
stresu i radzenia sobie z nim. Celem badania byta ocena natezenia stresu w grupie pacjentéw zgta-
szajacych suchos¢ w obrebie jamy ustnej w poréwnaniu z osobami nieodczuwajgcymi suchosci.
Materiaty i metody. Badaniem objeto 90 pacjentéw: 60 oséb zgtaszato suchos¢ w obrebie jamy
ustnej, 30 pacjentow byto bez takich dolegliwosci. Kazdy z uczestnikéw podpisat formularz zgody
na udziat w badaniu. U wszystkich badanych dokonano pomiaru wydzielania sliny niestymulowanej
w czasie t =5 min, badania jamy ustnej oraz zebrano odpowiedzi w tescie natezenia na stres
PSS-10. Wyniki. Uzyskano istotne statystycznie rdznice w wynikach testu PSS-10 oraz pomiaru
wydzielania sliny niestymulowanej pomiedzy badanymi grupami. Osoby z suchoscig jamy ustnej
prezentowaty wyzsze parametry stresu. Whnioski. w przypadku osdéb z suchoscig jamy ustnej,
z uwagi na wyzisze parametry stresu, wymagane jest rozwazenie witgczenia do leczenia procedur
kontroli stresu.

Stowa kluczowe: kserostomia, stres, starzenie sie, jako$¢ zycia
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Abstract: Patients presenting to the dental surgery are increasingly complaining of oral dryness.
There are several reasons for the decreased saliva secretion. Most commonly, the problem is
related to age and chronic use of xerostomiogenic drugs. The perception of dryness and
discomfort may be relevant to the severity of perceived stress management. The aim of this study
was to assess the severity of stress in a group of patients reporting oral dryness compared with
those not perceiving dryness. Material and methods. 90 patients were included in the study: 60 of
them reported dry mouth, 30 patients were without such complaints. Each participant signed a
consent form to take part in the study. In all patients, oral examination was performed and
unstimulated saliva secretion at t=5min and the responses to the PSS-10 stress intensity test were
measured. Results. Statistically significant differences were obtained in the results of the PSS-10
test and the measurement of unstimulated saliva secretion between the groups with and without
xerostomy. Those with oral dryness presented higher stress parameters. Conclusions. People with
xerostomia, due to higher stress parameters, need to consider including stress control procedures
in their treatment.

Keywords: xerostomia, stress, aging, quality of life
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Wykaz skrotow

OHRQol - jako$¢ zycia zwigzana ze stanem jamy ustnej (ang. oral health-related quality of life)
PSS-10 — Skala Odczuwanego Stresu (ang. The Perceived Stress Scale)

SXI-5 — sumaryczny wskaznik kserostomii (ang. summated xerostomia inventory)
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1. Wprowadzenie

Wspbtczesnie zdrowie psychiczne i jego powigzania ze stanem fizycznym oraz dobrostanem spo-
tecznym sg coraz czesciej przedmiotem zainteresowania naukowcéw. Dane dotyczace zmian
w populacji — w Polsce i w Europie — wskazujg na postepujace starzenie sie spoteczenstwa (United
Nations, 2022; GUS, 2014). Za grupe najszybciej rosngcy liczebnie uwaza sie osoby powyzej 65.
roku zycia.

Obserwowane w jamie ustnej zmiany zwigzane z wiekiem dotyczg miedzy innymi zmniejszenia
wydzielania $liny (Liu i in., 2012). Obnizenie tego parametru ma niekorzystny wptyw na wiele
aspektow funkcjonowania jednostki. Znaczgco uposledza codzienne czynnosci, takie jak: przezu-
wanie, potykanie czy méwienie oraz negatywnie wptywa na stan btony $luzowej jamy ustnej oraz
zebéw (Herrmann i in., 2017; Niklander i in., 2017). Uwaza sie, ze kserostomia moze dotyczy¢ 10—
30% spoteczenstwa, przewaznie osob starszych (Fornariiin., 2021; Pichoriin., 2008).

Pod wzgledem ilosci wydzielanej sliny rozréznia sie kserostomie prawdziwg (xerostomia vera,
primaria) oraz kserostomie rzekoma (xerostomia spuria, symptomatica). Kserostomie prawdziwg,
w ktorej odczuwanie suchosci wynika ze zmniejszonego wydzielania $liny (ponizej 0,1 ml/min
w pomiarze $liny niestymulowanej) mozna podzieli¢ na dwa typy:

e typ | — nie obserwuje sie tu zmian klinicznych w obrebie btony sluzowej jamy ustnej,

e typ Il —wykazuje obecnos¢ zmian zanikowych oraz zmian wewnatrz gruczotéw slinowych.

Kserostomia rzekoma jest diagnozowana u pacjentdw zgtaszajgcych dolegliwosci zwigzane z su-
choscig, lecz prezentujgcych prawidtowe parametry wydzielania $liny. Odczucie suchosci wynika
gtéwnie ze stosowania lekéw kserostomiogenicznych, a takze z powodu cukrzycy, anemii, bulimii,
depresji, palenia papieroséw, alkoholizmu oraz narkomanii (Tanasiewicz i in., 2016). Mozliwym
czynnikiem wyzwalajgcym i podtrzymujgcym moze by¢ rowniez stres (Gholami i in., 2017; Bulthuis
i in., 2018; Atif i in., 2020). Dodatkowo permanentne uczucie suchosci w jamie ustnej moze ten
stres nasilac.

2. Materiaty i metody

Badaniem objeto grupe 90 osdb (66 kobiet oraz 24 mezczyzn) w wieku 38-90 lat zgtaszajgcych sie
do Poradni Patologii Jamy Ustnej Instytutu Stomatologii w todzi w latach 2019-2022 w celu sanacji
jamy ustnej. Badanie uzyskato pozytywna opinie Komisji Bioetycznej Uniwersytetu Medycznego
w todzi (nr RNN/100/19/KE). Wszystkie osoby biorgce udziat w badaniu zapoznaty sie z informacja
0 nim oraz wyrazity pisemng zgode. Badanie byto proste i nieinwazyjne.

U kazdego z uczestnikow przeprowadzono badanie stomatologiczne, dokonano oceny stanu
btony sluzowej jamy ustnej, potrzeb leczniczych, a takze pomiaru ilosci wydzielanej $liny niesty-
mulowanej w czasie t =5 minut (metoda odpluwania sliny do jednorazowego kubeczka w warun-
kach komfortowych i pozycji siedzacej oraz ocena jej ilosci po czasie 5 minut przy pomocy
mechanicznej pipety z jednorazowymi koficéwkami) oraz zebrano odpowiedzi na pytania w kwe-
stionariuszu PSS-10. Kwestionariusz ten jest polska interpretacjg Skali Odczuwanego Stresu (Per-
ceived Stress Scale) autorstwa Sheldona Cohena, Toma Kamarcka i Robin J. Mermelstein (adaptacji
podjeli sie Zygfryd Juczynskio i Nina Oginska-Bulik). Kwestionariusz PSS-10 sktada sie z dziesieciu
pytan, pomocnych przy ocenie poziomu odczuwanego stresu psychicznego w miesigcu poprzedza-
jacym badanie. Pacjenci odpowiadajg na pytania, postugujac sie pieciostopniowq skalg Likerta:
jezeli w danym czasie pacjent nigdy nie spotkat sie ze wspomniang sytuacjg, wybiera 0, prawie
nigdy — 1, czasem — 2, do$¢ czesto — 3, a bardzo czesto — 4. W badaniu znajdujg sie pytania odno-
szgce sie zaréwno do pozytywnych, jak i negatywnych doswiadczen (odpowiednio 4 i 6 pytan).
Wynik dla kazdego pytania wynosi od 0 do 4 punktdw, a ogdlny wynik skali, bedacy sumg wszyst-
kich punktow, od 0 do 40. Im wyzszy wynik, tym wieksze nasilenie odczuwanego stresu. Niskiemu
poziomowi odczuwanego stresu odpowiadajg wyniki w przedziale od 0 do 13 punktéw, sredniemu
poziomowi — punkty od 14 do 19, natomiast wysokiemu poziomowi — wynik od 20 do 40 punktéw
(Juczynski i Oginska-Bulik., 2009). Ze wzgledu na niewielkg liczbe niezbyt skomplikowanych pytan
skala jest tatwa i mato absorbujgca (na wypetnienie kwestionariusza pacjent otrzymuje maksymal-
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nie pie¢ minut), z tego wzgledu jest bardzo przydatna i tatwa do zastosowania w codziennej prak-
tyce lekarzy i lekarzy dentystéw.

Do analizy statystycznej uzyto programu Statistica 13.3 (TIBCO Software Inc.). Za prég istot-
nosci statystycznej przyjeto a = 0,05. Do oceny normalnosci rozktadu zmiennych uzyto testu
Shapiro—Wilka. Rdéznice pomiedzy grupami w wielkosci badanych parametréow oceniano przy uzy-
ciu testu U Manna—Whitneya.

3. Wyniki

Sposrad catej grupy 60 pacjentéw (45 kobiet oraz 15 mezczyzn) w wieku 38—90 lat zgtaszato su-
chosé w obrebie jamy ustnej, natomiast 30 oséb (21 kobiet oraz 9 mezczyzn) w wieku 54—82 lat nie
zgfaszato suchoéci. Zadna z badanych zmiennych nie wykazywata rozktadu normalnego. Sredni
wiek w badanej grupie wynidst 67,88 lat (Me = 68; Min = 38; Max = 90; SD = 11,27). Mezczyzni (Me
= 65,5; Min = 45; Max = 80; SD = 10,66) biorgcy udziat w badaniu byli istotne statystycznie mtodsi
(p = 0,0294) w porédwnaniu z kobietami (Me = 70; Min = 38; Max = 90; SD = 11,14). Nie wykazano
istotnych statystycznie rdéznic w wieku miedzy grupga z suchoscig jamy ustnej i bez suchosci.

Analiza statystyczna wykazata istotne statystycznie réznice w wynikach sialometrii niestymu-
lowanej mierzonej w czasie t = 5 minut (ml/5min) (p < 0,0001) pomiedzy grupa z suchoscig jamy
ustnej (M =1,16; Me = 1,10; Min = 0,30; Max = 3,10; SD = 0,49) a grupg badanych tej dolegliwosci
niezgtaszajacych (M = 1,75; Me = 1,75; Min = 1,00; Max = 3,00; SD = 0,45) (Tabela 1, Rycina 1).

Wykazano takze réznice w przeptywie $liny mierzonej w ml/min (p < 0,0001). Srednia warto$¢
tego parametru w grupie z suchoscig jamy ustnej wyniosta 0,23 ml/min (Me = 0,22; Min = 0,06;
Max = 0,62; SD = 0,10), a w grupie bez suchosci 0,35 ml/min (Me = 0,35; Min = 0,20; Max = 0,60;
SD =0,09) (Tabela 1).

Analiza rdznic skali odczuwania stresu (PSS-10) wykazata, ze pacjenci z suchoscig jamy ustnej
uzyskiwali istotne statystycznie wyzsze wyniki w pordwnaniu z pacjentami bez suchosci
(p =0,0011) (Tabela 2, Rycina 2). Sredni wynik skali u pacjentéw odczuwajacych suchos$¢ w jamie
ustnej wyniost 23,18 (Me = 24; Min = 14; Max = 33; SD = 4,13), a w grupie badanych nieodczuwa-
jacych suchosci 20,17 (Me = 20; Min = 13; Max = 29; SD = 3,39). Wykazano takze istotne staty-
stycznie rdznice pomiedzy grupami w kontekscie odpowiedzi udzielanych na pytania: ,Jak czesto
W ciggu ostatniego miesigce bytes(-tas) zdenerwowany(-na), poniewaz zdarzyto sie co$ niespo-
dziewanego?” (p = 0,0257); ,Jak czesto w ciggu ostatniego miesigca czutes(-tas), ze wazne sprawy
w twoim zyciu wymykajg Ci sie spod kontroli?” (p = 0,0101); ,Jak czesto w ciggu ostatniego mie-
sigca odczuwates(-tas) zdenerwowanie i napiecie?” (p = 0,0020); ,Jak czesto w ciggu ostatniego
miesigca czutes(-tas), ze wszystko Ci wychodzi?” (p = 0,0256), ,Jak czesto w ciggu ostatniego mie-
sigca ztoscite$(-tas) sie, poniewaz nie miates(-tas) wptywu na to, co sie zdarzyto?” (p = 0,0063) oraz
,Jak czesto w ciggu ostatniego miesigca czutes(-tas), ze nie mozesz przezwyciezy¢ narastajgcych
trudnosci?”(p = 0,0003).
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Tabela 1. Wyniki dla sialometrii niestymulowanej w czasie t=5min.

Srednia Mediana Minimum Maksimum Odchylenie
(M) (Me) (Min) (Max) standardowe
(SD)
Sialometria Ogodtem 1,36 1,30 0,30 3,10 0,55
W Ciggu 5 minut
niestymulowana “o o vana 1,16 1,10 0,30 3,10 0,49
(ml/5 min) L
suchosé
Brak 1,75 1,75 1,00 3,00 0,45
odczucia
suchosci
Wydzielanie Ogotem 0,27 0,26 0,06 0,62 0,11
minutowe
Umi
(ml/min) Odczuwana 0,23 0,22 0,06 0,62 0,10
suchosé
Brak 0,35 0,35 0,20 0,60 0,09
odczucia
suchosci

Tabela 2. Wyniki w tescie PSS-10

Srednia Mediana Minimum  Maksimum Odchylenie
(M) (Me) (Min) (Max) standardowe
(SD)
Ogdtem 22,18 22,00 13,00 33,00 4,13
Odczuwana 23,18 24,00 14,00 33,00 4,13
suchos¢
Brak 20,17 20,00 13,00 29,00 3,39
odczucia
suchosci

4. Dyskusja

Do tej pory powstato stosunkowo niewiele badan dotyczacych odczuwania stresu u pacjentéw
zgtaszajacych suchosé w obrebie jamy ustnej. Atif i in. (2020) przeprowadezili badanie z udziatem 72
studentéw obejmujgce pomiar ilosci Sliny niestymulowanej oraz ocene odczuwania stresu przy
pomocy testu PSS-10. Srednia wydzielania $liny niestymulowanej w czasie t =5 min wynosita
1,3 ml, $redni przeptyw sliny 0,26 ml/min. Uczestnicy badania z wyzszym odczuwaniem stresu
(wynik PSS-10 > 23) prezentowali nizsze wartos$ci wydzielania $liny w poréwnaniu z uczestnikami
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odczuwajgcymi mniejsze natezenie stresu. Wykazano umiarkowang ujemng korelacje pomiedzy
przeptywem $liny a odczuwaniem stresu (r = -0,259, p = 0,028).

Badania Botelho i in. (2020) na grupie 592 oséb powyzej 65. roku zycia ($r. wieku 72,6 lat,
SD =6,4) w Portugalii wykazaty istotng statystycznie korelacje (p < 0,001) pomiedzy odczuwanym
stresem (PSS-10), suchoscig w jamie ustnej oceniang przy uzyciu ankiety subiektywnego odczuwa-
nia suchosci w jamie ustnej (ang. Summated Xerostomia Inventory, SXI-5) a pogorszeniem jakosci
zycia zwigzanym z jama ustng (ang. oral health related quality of life, OHRQoL). Srednia warto$¢
testu PSS-10 uzyskanego wérdd uczestnikéw badania wynosita 15,1 (SD = 8,0). Sredni wynik w te-
Scie SXI-5 wynosit 6,7 (SD = 1,9) (Botelho i in., 2020).

Z kolei badania przeprowadzone w Malezji przez Muzhaffar i in. (2023) na 245 studentach na
podstawie Summated Xerostomia Inventory (SXI) oraz testu PSS-10 wykazaty istotng statystycznie
(p<0,01) zaleznosé wskazujgcg na zwiekszone odczuwanie stresu u uczestnikdw zgtaszajgcych
wiekszg ucigzliwos¢ suchosci w jamie ustne;j.

Wyniki uzyskane w badaniach wtasnych, prowadzonych w Polsce, sg zgodne z obserwacjami
innych badaczy. Wskazujg one na zwiekszone odczuwanie stresu u pacjentéw zgtaszajacych su-
choé¢ w obrebie jamy ustnej. Srednie wydzielanie $liny niestymulowanej w czasie t = 5min u 0séb
zgtaszajacych suchos$¢ w jamie ustnej wynosito 1,16 ml, a $redni wynik testu PSS-10 wynidst 23,18.
W grupie oséb niezgtaszajgcych suchosci wyniki wynosity odpowiednio 1,75 ml i 20,17. Réznice
pomiedzy grupami byly istotne statystycznie zaréwno pod wzgledem ilosci wydzielanej Sliny nie-
stymulowanej (p < 0,0001), jak i wynikdw w tescie PSS-10 (p = 0,0011). Z racji przewlektego cha-
rakteru kserostomii zwiekszone odczuwanie stresu u pacjentdw z suchosciag w jamie ustnej moze
prowadzi¢ z czasem do pogorszenia stanu psychicznego oraz do rozwoju depresji. Stan zdrowia
psychicznego pacjentéw oraz ich umiejetnos¢ radzenia sobie ze stresem wydajg sie by¢ marginali-
zowane w codziennej praktyce stomatologicznej. W opiece stomatologicznej prébuje sie dotaczyé
metody kontroli stresu do standardowego postepowania diagnostyczno-terapeutycznego.

Badania przeprowadzone przez Szymczak-Paluch i Ktoska (2023) sugerujg wiekszg skutecznos¢
w leczeniu liszaja ptaskiego btony sluzowej jamy ustnej, gdy standardowa kuracja jest potgczona
z aktywnymi metodami kontroli stresu psychicznego. Stosowanie metod redukcji stresu
zmniejszato réwniez odczucie bélu w obrebie btony sluzowej, przyczyniajgc sie do lepszego stanu
ogdlnego pacjentdw. Tym bardziej zasadne wydaje sie wprowadzenie oceny parametréw stresu
w diagnostyce, a docelowo — wdrozenie metod radzenia sobie ze stresem w trakcie leczenia
kserostomii. Dla potwierdzenia uzyskanych danych wskazane bytoby przeprowadzenie dalszych,
dtugofalowych badan na wiekszej grupie osdb.

5. Whnioski

Pomimo ograniczen badania mozna stwierdzi¢, iz osoby z suchoscig prezentujg wyzsze parametry
stresu. Powinno to zwiekszy¢ uwage lekarzy i lekarzy dentystdw na problemy, jakim sg odczuwanie
suchosci w jamie ustnej oraz zdrowie psychiczne pacjentéw. Nalezatoby rozwazy¢ interdyscypli-
narng wspotprace z psychologami i fizjoterapeutami oraz wtgczenie procedur kontroli stresu pod-
czas leczenia pacjentow zgtaszajgcych sie z objawami kserostomii.

Bibliografia

Atif S., Syed S.A., Sherazi U.R., Rana S. 2020. Determining the relationship among stress,
xerostomia, salivary flow rate, and the quality of life of undergraduate dental students.
Journal of Taibah University Medical Sciences 16(1), str. 9-15.

DOI: 10.1016/j.jtumed.2020.10.019.

Botelho J., Machado V., Proenca L., Oliveira M.J., Cavacas M.A., Amaro L., Aguas A., Mendes J.J.
2020. Perceived xerostomia, stress and periodontal status impact on elderly oral
health-related quality of life: Findings from a cross-sectional survey. BMC Oral Health 20(1), nr
art. 199. DOI: 10.1186/s12903-020-01183-7.

28


https://doi.org/10.1016/j.jtumed.2020.10.019
https://doi.org/10.1186/s12903-020-01183-7

Bulthuis M.S., Jan Jager D.H., Brand H.S. 2018. Relationship among perceived stress, xerostomia,
and salivary flow rate in patients visiting a saliva clinic. Clinical Oral Investigations 22(9), str.
3121-3127. DOI: 10.1007/s00784-018-2393-2.

Fornari C.B., Bergonci D., Stein C.B., Agostini B.A., Rigo L. 2021. Prevalence of xerostomia and its
association with systemic diseases and medications in the elderly: A cross-sectional study. Sao
Paulo Medical Journal 139(4), str. 380-387. DOI: 10.1590/1516-3180.2020.0616.R3.1902021.

Gholami N., Hosseini Sabzvari B., Razzaghi A., Salah S. 2017. Effect of stress, anxiety and
depression on unstimulated salivary flow rate and xerostomia. Journal of Dental Research,
Dental Clinics, Dental Prospects 11(4), str. 247-252. DOI: 10.15171/joddd.2017.043.

GUS. 2014. Prognoza ludnosci na lata 2014-2050. Dostepne online: https://stat.gov.pl/
obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-oprac
owana-2014-r-,1,5.html (dostep: 19.10.2023).

Herrmann G., Miller K., Behr M., Hahnel S. 2017. Xerostomia and its impact on oral health-related
quality of life. Zeitschrift fiir Gerontologie und Geriatrie 50(2), str. 145-150.
DOI: 10.1007/s00391-015-0968-y.

Juczynski Z., Oginska-Bulik N. 2009. Skala Odczuwanego Stresu PSS-10. Warszawa: Pracownia
Testéw Psychologicznych Polskiego Towarzystw Psychologicznego.

Liu B., Dion M.R., Jurasic M.M., Gibson G., Jones J.A. 2012. Xerostomia and salivary hypofunction in
vulnerable elders: Prevalence and etiology. Oral Surgery, Oral Medicine, Oral Pathology and
Oral Radiology 114 (1), str. 52-60. DOI: 10.1016/].0000.2011.11.014.

Muzhaffar E., Berahim Z., Abdul Wahab N., Saddki N. 2023. Perceived stress, severity of
xerostomia, and periodontal status in undergraduate dental students. Journal of Dentistry
Indonesia 30(2), str. 121—-127. DOI: 10.14693/jdi.v30i2.1500.

Niklander S., Veas L., Barrera C., Fuentes F., Chiappini G., Marshall M. 2017. Risk factors,
hyposalivation and impact of xerostomia on oral health-related quality of life. Brazilian Oral
Research 31, nr art. 14. DOI: 10.1590/1807-3107BOR-2017.vol31.0014.

Pichor A., Doboszynska A. 2008. Suchos¢ jamy ustnej — niedoceniany problem kliniczny. Medycyna
Paliatywna w Praktyce 2(1), str. 26—-28.

Szymczak-Paluch M., Ktosek S. 2023. Stress control as a method to reduce perceived pain in oral
lichen planus. Postepy Dermatologii i Alergologii 40(2), str. 241-245.

DOI: 10.5114/ada.2023.127641.

Tanasiewicz M., Hildebrandt T., Obersztyn |. 2016. Xerostomia of various etiologies: A review of
the literature. Advances in Clinical and Experimental Medicine 25(1), str. 199-206.
DOI: 10.17219/acem/29375.

United Nations. 2022. World Population Prospects. World population by age and sex: 2024.
Dostepne online: https://population.un.org/wpp/Graphs/DemographicProfiles/Pyramid/900
(dostep: 19.10.2023).

29


https://doi.org/10.1007/s00784-018-2393-2
https://doi.org/10.1590/1516-3180.2020.0616.r3.1902021
https://doi.org/10.15171/joddd.2017.043
https://stat.gov.pl/%20obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://stat.gov.pl/%20obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://stat.gov.pl/%20obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://doi.org/10.1007/s00391-015-0968-y
https://doi.org/10.1016/j.oooo.2011.11.014
http://dx.doi.org/10.14693/jdi.v30i2.1500
https://doi.org/10.1590/1807-3107bor-2017.vol31.0014
https://doi.org/10.5114/ada.2023.127641
https://doi.org/10.17219/acem/29375
https://population.un.org/wpp/Graphs/DemographicProfiles/Pyramid/900

um UMEDICAL
REPORTS

THE ROLE OF PROBIOTICS

IN PERIODONTAL DISEASES
ROLA PROBIOTYKOW
W CHOROBACH PRZYZEBIA

Sebastian Ktosek! ®, Aleksandra Bernas*@®

! Department of Oral Pathology, Medical University of Lodz, Poland,
sebastian.klosek@umed.lodz.pl
2 Student Scientific Circle, Department of Oral Pathology, Medical University of Lodz, Poland,

aleksandra.bernas@stud.umed.lodz.pl



https://orcid.org/0000%E2%80%900001%E2%80%909694%E2%80%900950
https://orcid.org/0009-0005-1997-1733

Streszczenie: Artykut przedstawia alternatywna role probiotykdéw, prebiotykdéw i synbiotykéw
w leczeniu wieloczynnikowej choroby przyzebia, bedacej coraz czestszym problemem o0sdéb
w kazdym wieku.

Probiotyki, spozywane w odpowiednich iloSciach zapewniajg pozytywny wptyw na nasze
zdrowie w tym: catego uktadu pokarmowego, sercowo-naczyniowego oraz uktadu oddechowego
imoczowego. Te komensalne mikroorganizmy zasiedlajgce naszg jame ustng, wspomagajg uktad
immunologiczny, wydzielajg substancje bakteriobdjcze i utrzymujag homeostaze, stanowiac alter-
natywng metode leczenia choréb jamy ustnej w tym zapalenie przyzebia. Na szczegdlng uwage
zastuguja naturalnie wystepujgce komensalne bakterie jamy ustnej: Lactobacillus species, Bifido-
bacterium (LAB), tak samo jak Saccharomyces, Enterococcus, Streptococcus, Pediococcus, Leuco-
nostoc, Bacillus, Escherichia oraz gatunki o szerokim spektrum dziatania: Lactiplantibacillus
pentosus KCA1, Lactiplantibacillus plantarum WCFS1, Lacticaseibacillus rhamnosus GG oraz Limo-
silactobacillus reuteri AMBF471 wykorzystywane w terapii wspomagajacej leczenie przyzebia.

Wykazujace synergizm dziatania synbiotyki, powstate z potgczenia probiotykéw i prebiotykow,
w ostatnim czasie zyskujg coraz wieksza popularnos¢. Badania wykazaty ich znaczacy wptyw na
ograniczanie adhezji jednego z najczesciej wystepujgcych periopatogendéw Porphyromonas
gingivalis.

Ostateczne potwierdzenie korzystnego wptywu komensalnych bakterii oraz prebiotykéw wy-
maga czasu i kontynuacji badan. Choroba ta niesie za sobg trudno odwracalne konsekwencje,
ktdre rozpoczynaja sie od zaburzenia homeostazy jamy ustnej, ktérg mozna powstrzymac na po-
czagtkowym etapie zapalenia dzigset. Z dotychczas przeprowadzonych badan, wynika ich pozy-
tywny wptyw na hamowanie wzrostu i adhezji periopatogenéw do btony sluzowej gospodarza,
pobudzanie jego odpowiedzi immunologicznej, inhibicji procesu niszczenia kosci wyrostka zebo-
dotowego, polepszenia wskaznikéw periodontologicznych i ograniczenia pierwszego etapu choréb
przyzebia - zapalenia dzigset. Stanowig one obiecujagcg metode we wspomaganiu leczenia przyze-
bia na kazdym etapie jej wystepowania.

Stowa kluczowe: probiotyki, synbiotyki, zapalenie przyzebia, stomatologia, mikrobiota
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Abstract: The article explores the alternative role of probiotics, prebiotics and synbiotics in the
management of multifactorial periodontal diseases.

Supplemented in appropriate amounts, probiotics can positively impact overall health. These
commensal microorganisms inhabit the oral cavity, support the immune system, release
bactericidal substances, and maintain homeostasis, which makes them a potential alternative
treatment for oral diseases, including gingivitis and periodontitis. Among the commensal bacteria
naturally occupying the oral cavity, particularly noteworthy are Lactobacillus species,
Bifidobacterium (LAB), as well as specific strains, such as Lactiplantibacillus pentosus KCA1,
Lactiplantibacillus plantarum WCFS1, Lacticaseibacillus rhamnosus GG, and Limosilactobacillus
reuteri AMBF471.

Despite promising findings, further research is necessary to definitively confirm the beneficial
impact of commensal bacteria and prebiotics on periodontal health. Periodontal diseases, which
begin with disturbances in oral homeostasis and early-stage gingivitis, can lead to irreversible
consequences. Nonetheless, an appropriate microbiological support may prevent progression in
the initial stages. Current studies indicate that probiotics and synbiotics can inhibit the growth of
periopathogens on the host’s mucosal surface, stimulate the host immune response, improve
periodontal indicators and control the initial stages of periodontal diseases - gingivitis. Thus, they
represent a promising adjunctive approach for managing gingivitis and periodontitis at various
stages of their progression.

Keywords: probiotics, synbiotics, periodontitis, dentistry, microbiota
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Introduction

The red complex, consisting of the bacteria Porphyromonas gingivalis, Tannerella forsythia,
Treponema denticola, along with the pathogen Aggregatibacter actinomycetemcomitans, is con-
sidered the main bacterial agent of periodontal disease in periodontology (Shirbhate et al., 2023).
This multifactorial disease affects from 20% to 50% of the global population (Nazir, 2017). Apart
from the presence of this complex, the disease often originates from inadequate oral hygiene,
leading to accumulation of supragingival plague and subsequent local inflammation. If oral hy-
giene is not improved, this inflammation progresses to marginal gingivitis, the initial, reversible
stage of periodontitis (Rathee and Jain, 2023). Further neglect of hygiene practices can result in
the destruction of periodontal tissues, tooth loss, and resorption of the alveolar bone, conditions
collectively referred to as periodontitis (Hardan et al., 2022; Shirbhate et al., 2023).

No specific medication can directly treat periodontal disease; however, dental practices
include procedures that slow its progression. The primary intervention is scaling and root planing
(SRP), which may be supplemented by systemic or local antibiotics. Yet, due to widespread
antibiotic resistance, probiotics, as commensal microorganisms, are increasingly used to support
mechanical therapy (Hardan et al., 2022; Kazmierczyk-Winciorek et al., 2021; Nguyen et al., 2021).

Probiotics are live, commensal organisms that not only benefit oral health but also support
the intestines, respiratory system, cardiovascular system, and the female urinary tract (Chen et al.,
2023; Haas et al., 2021; Hardan et al., 2022; Homayouni Rad et al., 2023; Inchingolo et al., 2023;
Kazmierczyk-Winciorek et al., 2021; Lee et al., 2021; Nguyen et al., 2021; Rebelo et al., 2023; Teles
et al., 2022). Their mechanism of action involves direct and indirect competition with pathogenic
microorganisms, initiating immune processes at sites affected by microbes disadvantageous to the
host (Inchingolo et al., 2023). Additionally, probiotics stimulate both cellular and systemic immune
responses (Shirbhate et al.,, 2023). Due to the short transit time within the oral cavity, one
measure in the evaluation and classification of probiotic strains is their capacity to adhere to the
host’s mucosal membrane (Nguyen et al., 2021; Shirbhate et al., 2023). However, effective reten-
tion of probiotics on the oral epithelium can be challenged by necessary oral hygiene practices and
even the natural salivary flow, which dynamically changes the conditions for colonization (Van
Holm, Carvalho, et al., 2023). Unlike antimicrobial therapies, even prolonged probiotic use does
not produce adverse side effects (Nguyen et al., 2021; Rebelo et al., 2023).

Although probiotics alone do not provide a curative treatment, they aid the immune system,
support pathogen elimination and restore homeostasis, thus contributing to restoration of oral
health (Rebelo et al., 2023).

The effects of probiotics are enhanced by prebiotics, commonly arabinose, xylose and xylitol
(Bernas and Ktosek, 2024; Shirbhate et al., 2023). This combination of live and non-living compo-
nents is termed a synbiotic (Duane et al., 2023). Synbiotics increase the quantity and survival of
commensal microorganisms adhering to the oral epithelium, exhibiting higher effectiveness than
either of the components alone (Inchingolo et al., 2023; Shirbhate et al., 2023). Research shows
that synbiotics improve the stability of probiotic bacteria as they pass through the upper gastro-
intestinal tract (Mohd Fuad et al., 2023).

Systemic diseases, such as inflammatory bowel disease, cardiovascular, and respiratory
conditions often originate from an unstable oral microbiome (Rebelo et al., 2023; Teles et al.,
2022). Studies have also linked periodontal tissue disease to Alzheimer’s disease, certain types of
cancer, multiple sclerosis, pregnancy complications, and diabetes (Hardan et al., 2022; Rebelo et
al., 2023; Teles et al., 2022). In recent years, the use of probiotics has been widely studied, as they
demonstrate the ability to control dysbiosis or imbalance between the microbiome and the host
(Chen et al., 2023; Rebelo et al., 2023). Probiotic therapy functions as a complementary treatment
by stimulating the host’s inflammatory response, however, it does not serve as the primary
defense against oral diseases (Rebelo et al., 2023).

In this article, we present research confirming the positive role of probiotics and synbiotics as
adjunctive therapies in individuals with periodontitis.
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Due to small fluctuations in the temperature (37 degrees), humidity and pH (6.5-7.5), as well
as available content and ability to combat pathogenic exogenous organisms, the oral cavity is one
of the four structures in the human body most frequently inhabited by microorganisms (bacteria,
archaea, fungi, protists, parasites and viruses). Its disturbed homeostasis is strongly associated
with the states of health and disease (Barrea et al., 2023; Di Stefano et al., 2023; Homayouni Rad
et al., 2023; Lee et al., 2021; Nie et al., 2023; Rebelo et al., 2023). Oral microbiome includes
approximately 700 species of prokaryotes, fungi, protozoa and viruses inhabiting the following: the
gingival sulcus (especially anaerobic organisms), surfaces of the teeth, the buccal mucosa, the soft
palate and vestibule, the tongue and tonsils (Di Stefano et al., 2023; Homayouni Rad et al., 2023;
Lee et al., 2021; Nguyen et al., 2021; Nie et al., 2023). In healthy individuals, the main component
of the oral microbiome forms a composition of biofilm (Deandra et al.,, 2023). Diversity of
microbiological organisms can be determined according to the area of their habitation. Unlike the
microbiome found in the buccal mucosa, that on the surface of teeth and tongue is characterized
by a wide range of bacteria species (Rebelo et al., 2023). The ability to form colonies and persist on
the structures of the oral cavity is enabled by a matrix, which consists of glucans and
exopolysaccharides (EPS) and is created by the biofilm bacteria and surrounded by an extracellular
polymer matrix (EPM) (Di Stefano et al., 2023; Rebelo et al., 2023).

A disease-free oral cavity achieves homeostasis between commensal bacteria, the host im-
mune system and bacteria themselves (Rebelo et al., 2023). Commensal microorganisms in the
body perform a protective function by modulating our immune system in the battle against patho-
gens, preventing their colonization on the surface of oral structures (e.g., S. cristatus secretes
arginine deaminase protein), growth and development using secreted bactericidal substances
including bacteriocins, which are also responsible for an increase in pH (for example S. mutans)
and hydrogen peroxide (Di Stefano et al., 2023; Homayouni Rad et al., 2023; Inchingolo et al.,
2023; Nguyen et al., 2021; Rebelo et al., 2023). Hydrogen peroxide can be secreted due to the
presence of various enzymes, e.g., by lactate oxidase, pyruvate oxidase, NADH-flavin-dependent
reductase or by NADH oxidase (Nguyen et al., 2021). Some of the microbes (Actinomyces) have the
ability to convert nitrates into ammonia, thanks to which the pH increases and the number of
anaerobic bacteria responsible for periodontal diseases decreases (Rebelo et al., 2023). According
to the "ecological plaque theory", commensal microorganisms inhabiting a healthy oral cavity
transform into pathogens as a result of antagonistic or synergistic actions between groups, in-
cluding the dominant growth of specific species that disrupt the balance in the host organism
(Inchingolo et al., 2023; Rebelo et al., 2023; Shirbhate et al., 2023). The dominant bacterial species
of the microbiome are Actinobacteria, Proteobacteria, Fusobacteria, Bacteroidetes, Spirochaetes,
Firmicutes, as well as, Prevotella, Streptococcus, Leptotrichia, Veillonella, Rothia, Corynebacterium,
Capnocytophaga, Selenomonas, Treponema, Haemophilus (Di Stefano et al., 2023; Homayouni Rad
et al., 2023). A decrease in microbial diversity, which can lead to a change in metabolic activity and
stimulate the onset of disease, is called dysbiosis (Di Stefano et al., 2023).

Probiotics play a supporting role in anti-inflammatory processes. They colonize the oral
epithelium in an amount that displaces pathogenic bacteria (Deandra et al., 2023). They restore
homeostasis between the microbiome and the host as a result of inhibiting pathogenic
microorganisms (Di Stefano et al., 2023; Van Holm, Carvalho, et al., 2023).

A characteristic feature of the microbiome in oral diseases is reduced bacterial diversity and
the dominance of pathogenic microorganisms without sufficient host immune response (Haas et
al., 2021; Homayouni Rad et al., 2023). To maintain a healthy oral microbiome, probiotic bacteria
modify the bacterial flora by secreting bactericidal substances (antioxidants), hydrogen peroxide
(including S. gordonii), reuterin (L. reuteri), nisin (L. lactis) and reutericycline, lactic acid, lowering
the pH of saliva, which hinders the formation of dental plaque and calculus. Thus, they compete
with pathogens for a place of adhesion to the oral mucosa, reducing IL-17, IL-1b and TNF-alpha in
gingival fluid and regulating the inflammatory receptor TLR4 (Ausenda et al., 2023; Bodke and
Jogdand, 2022; Deandra et al., 2023; Homayouni Rad et al., 2023; Karaca et al., 2022; Lee et al.,
2021; Rebelo et al., 2023; Shirbhate et al., 2023).
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ProOBIOTICS

The definition of probiotics was finally established in 2003 (Shirbhate et al., 2023). Recently, pro-
biotics have been the subject of many scientific studies. These living organisms, taken in appro-
priate amounts, have a beneficial effect on the proper functioning of the intestines, respiratory
system, cardiovascular system, female urinary system and the oral cavity (Chen et al.,, 2023;
Hardan et al., 2022; Homayouni Rad et al., 2023; Inchingolo et al., 2023; Kazmierczyk-Winciorek et
al., 2021; Rebelo et al., 2023; Teles et al., 2022). They have been present in many food products
for many years now and in order to benefit from their functions, they have to be properly pre-
pared and selected precisely for a specific disorder (Bodke & Jogdand, 2022; Van Holm, Lauwens,
et al., 2023). More and more studies show their excellent effects in the prevention, treatment and
control of diseases by maintaining homeostasis and normalizing the microclimate of digestive sys-
tem (Hijova, 2024; Homayouni Rad et al., 2023; Lee et al., 2021). Probiotics contain bacteria, not
harmful to a patient with a properly functioning immune system, and their safety has been con-
firmed by in vitro and in vivo studies (Kazmierczyk-Winciorek et al., 2021).

Their action can be attributed to the inhibition of NF-kB pathways and the activation of regu-
latory T cells (Chen et al., 2023). It has been proven that some of the bacteria that inhabit the oral
cavity have probiotic properties, including the most well-known and most commonly used, such as
Lactobacillus species, Bifidobacterium (LAB), as well as Saccharomyces, Enterococcus, Strepto-
coccus, Pediococcus, Leuconostoc, Bacillus, Escherichia genera (Barrea et al., 2023; Bodke and
Jogdand, 2022; Di Stefano et al., 2023; Hardan et al., 2022; Shirbhate et al., 2023). When selecting
a probiotic preparation, it is important to find a species that adheres to the oral mucosa and not
only to the distal parts of the digestive tract (Rebelo et al., 2023). Preparations rich in these strains
are sometimes supplemented with amino acids, minerals and vitamins (Barrea et al., 2023). There
are also species with a broad spectrum of action, such as Lactiplantibacillus pentosus KCA1, Lacti-
plantibacillus plantarum WCFS1, Lacticaseibacillus rhamnosus GG and Limosilactobacillus reuteri
AMBF471, which can be successfully used in many periodontal tissue problems (Van Holm,
Carvalho et al., 2023).

So far, not all the effects of probiotics on the oral microbiome have been confirmed. It is
known that probiotics act both indirectly and directly (Homayouni Rad et al., 2023) and their key
functions include:

e indirect action:

o regulation of permeability and colonization of the oral epithelium by
non-pathogenic microorganisms;
o enhancement of the local and systemic immune and non-immunological
response of the host;

e direct action:

o control of the composition of microorganisms through inhibiting the proliferation
of pathogens and their bactericidal effect;

o inhibition of the production of proinflammatory cytokines (IL-12, TNF-alpha) by
pathogens;

o production of immunoglobulins (slgA), antioxidants, organic acids, fatty acids,
hydrogen peroxide;

o inhibition of the synthesis of IL-lbeta, matrix metalloproteinases-8 (MMP-8),
tissue inhibitor of metalloproteinase-1 (TIMP-1);

o competition for adhesion surfaces in the process of dental plaque formation and
nutrients;

o creation of biofilm, by controlling the binding of microorganisms to
proteins (Homayouni Rad et al, 2023; Inchingolo et al., 2023,
Kazmierczyk-Winciorek et al., 2021; Lee et al., 2021; Nguyen et al., 2021; Rebelo et
al., 2023; Shirbhate et al., 2023).
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The action of probiotics is not only associated with direct competition against pathogens, but
also or primarily with supporting immunological processes occurring in the attacked places
(Inchingolo et al.,, 2023). In addition to the above actions, probiotics stimulate cellular and
systemic immune response (Shirbhate et al., 2023). Some of them, called psychobiotics, are known
to regulate the brain-intestine axis (Kazmierczyk-Winciorek et al., 2021).

Patients with periodontal disease may take probiotics in various forms, such as tablets,
mouthwashes and toothpastes (Shirbhate et al., 2023). Whereas, individuals with a weakened
immune system, including the elderly, organ transplant recipients, infants and pregnant women,
should use postbiotics which are a combination of non- viable bacteria, cellular structures of
microorganisms and a metabolic product, applied to limit the possibility of delivery of pathogenic
genes and genes responsible for resistance (Hijovd, 2024; Homayouni Rad et al., 2023; Shirbhate et
al., 2023).

PREBIOTICS

Prebiotics are indigestible substances, usually carbohydrates, not containing microorganisms.
They enhance the activity and growth of commensal bacterial strains and, when combined with
them, create synbiotics (Bernas and Ktosek, 2024; Inchingolo et al., 2023; Shirbhate et al., 2023).
Prebiotics stimulate the bactericidal and fungicidal effects of probiotics, help to increase the meta-
bolic activity of commensal bacteria, allowing the host microbiome to maintain homeostasis
(Bernas and Ktosek, 2024; Mohd Fuad et al., 2023; Nguyen et al., 2021; Shirbhate et al., 2023).
They are resistant to digestion and are not absorbed through the intestinal mucosa (Kazmier-
czyk-Winciorek et al., 2021; Nguyen et al., 2021; Rebelo et al., 2023). Prebiotic ingredients are
often included in food products to enrich their nutritional value (e.g., lactulose, fructooligosaccha-
rides, starch, galactooligosaccharides) (Kazmierczyk-Winciorek et al., 2021; Mohd Fuad et al.,
2023). One study demonstrated the beneficial effects of the prebiotic N-acetyl-d-mannosamine on
the composition of the oral microbiome. It increased the number of Streptococcus species
(S. mitis, S. oralis, S. sanguinis and S. gordonii) (Nguyen et al., 2021). They have a positive impact
on health since, among other things, they affect the lipid profile by reducing low-density
lipoprotein (LDL), stimulate the immune response, help the growth of lactic acid bacteria,
modulate the proper functioning of probiotics and affect the condition of gastrointestinal duct
(Kazmierczyk-Winciorek et al., 2021).

PYNBIOTICS

The combination of a prebiotic with a probiotic creates a relatively recently defined synbiotic
(Duane et al., 2023). Both of its components act synergistically and complementarily (Bernas and
Ktosek, 2024; Shirbhate et al., 2023). They increase the amount and survival rate of commensal
microorganisms that adhere to the oral epithelium, and they are less effective when acting sepa-
rately than jointly (Inchingolo et al., 2023; Shirbhate et al., 2023). The form of a synbiotic brings an
advantage visible in studies, consisting in increasing the durability of probiotic bacteria passing
through the first section of the digestive tract. We know the most successful prebiotics (arabinose,
xylose and xylitol) and probiotics (L. fermentum, L. plantarum and L. paracasei) which, in any com-
bination, protect the oral microbiome against colonization by, among others, P. gingivalis, the
most common periopathogen in periodontitis (Mohd Fuad et al., 2023). These preparations are
also known for lowering blood pressure, improving the absorption of important macronutrients in
our body, such as calcium, magnesium and phosphorus, and reducing cholesterol levels (Kazmier-
czyk-Winciorek et al., 2021).

PROBIOTICS IN GINGIVITIS

In total, 90% of the world's population suffer from gingivitis, which begins with the deposition of
supragingival plaque in the gingival sulcus or in its vicinity (Deandra et al., 2023; Lundtorp Olsen et
al., 2023). It is a reversible condition (Rathee and Jain, 2023).
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The effect of a good therapy should be elimination of inflammation (Rathee and Jain, 2023).
In the absence of proper oral hygiene and incorrect technique of mechanical plaque removal,
there is a high probability of recurrence of periopathogen colonization (Modiri et al., 2023). In
order to protect the population from this problem, steps have been taken to introduce probiotics
into the therapy of gingivitis (Rathee and Jain, 2023). Studies have shown the positive effect of
probiotics on the healing of gingivitis (Modiri et al., 2023).

A chewing gum enriched with two strains of L. reuteri provided relief in patients with moder-
ate and severe gingivitis, however, the chewing gum was only administered as a supplement to
scaling and root planing (Shirbhate et al., 2023). An interesting finding emerged from a 28-day
study investigating the effects of probiotics on biofilm-induced gingivitis, during which the study
group received L. rhamnosus PBO1 DSM14870 and L. curvatus EB10 DSM32307 along with 491 mg
of xylitol, and oral hygiene procedures were discontinued for half of the study period (14 days). In
the placebo group, the levels of Lautropia, Prevotella, Fusobacterium and Selenomonas species
were relatively higher after 28 days (when gingivitis had already been stabilized, after 14 days of
proper oral hygiene) compared to the group receiving the probiotic. In the group taking the
probiotic, the level of Rothia species was higher than in the control group. This study led to the
conclusion that the microbial composition in stabilizing gingivitis had changed due to the
L. rhamnosus and L. curvatus probiotics combined with xylitol, without any significant changes in
plague parameters or BOP (Rathee and Jain, 2023). The species L. paracasei also proved effective
in curing gingivitis, successfully lowering the level of interleukin 1-beta and influencing the compo-
sition of dental plaque (Rebelo et al., 2023). A group of 28 adults, aged 20-35, who took fermented
milk with the addition of the probiotic strain L. casei shirota for four weeks, had reduced values of
markers of gingivitis, narrowed the gingival crevice, reduced inflammation of the tissue and re-
duced the volume of gingival crevice fluid and BOP (Hardan et al., 2022; Homayouni Rad et al.,
2023). Similar changes were observed after adults used a chewing gum rich in L. reuteri strains
(ATCC PTA 5289 and ATCC 55730) once or twice a day (Homayouni Rad et al., 2023). A mouthwash
containing 14 commensal bacteria of our microbiome, including Bifidobacterium, Bacillus, Lacto-
bacillus and Streptococcus, showed satisfactory results after its use. It caused a reduction in the
deposition of dental plaque and reduced bleeding of gingiva in diabetics (Duane et al., 2023).
B. animalis ZK-77 showed hydrogen peroxide production and B. longum ZK-10 inhibited biofilm
formation by 66%. S. salivarius ZK-102 in combination with B. animalis ZK-77 effectively
prevented biofilm formation by the periopathogen F. nucleatum (Nie et al., 2023).

PROBIOTICS IN PERIODONTITIS

Many studies have shown the beneficial effect of probiotics in the adjuvant therapy of
periodontitis (Chen et al., 2023; Van Holm, Lauwens, et al., 2023). This infectious, multifactorial
disease, causing destruction of tissues surrounding the tooth, is caused by a competition of
commensal bacteria with periopathogens (Chen et al., 2023). The lack of control over the host's
immune system and the secretion of excess cytokines that induce inflammation also play an
important role in the process (Kazmierczyk-Winciorek et al., 2021). The most common bacteria in
this disease are red complex bacteria, including Porohyromonas gingivalis, Tannerella forsythia,
Treponema denticola, and the non-red pathogen Aggregatibacter actinomycetemcomitans
(Shirbhate et al., 2023). Pathogenic species lead to inflammation followed by gingival recession
with an increase in the amount of gingival fluid, loss of periodontal attachment, formation of
pockets and loss of the alveolar process bone (Hardan et al., 2022; Shirbhate et al., 2023).
Proteins, which are excessively produced during inflammation, are an excellent breeding ground
for pathogenic bacteria, which worsens the condition and deepens inflammation of the oral cavity
(Hardan et al., 2022). Periodontitis is a disease manifested by bleeding on probing, formation of
periodontal pockets and, in the advanced stage, also by a reduction in the strength of supporting
tissues, tooth mobility and even tooth loss (Rebelo et al., 2023; Shirbhate et al., 2023). The gold
standard of periodontal treatment is scaling and root planning (SRP) and if necessary surgical
therapy, which can be supported by the use of probiotics (Chen et al., 2023; Hardan et al., 2022).
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GROWTH INHIBITION OF PERIODENTAL PATHOGENS

In an in vitro study, including patients suffering from periodontitis, P. gingivalis, P. intermedia,
Aggregatibacter actinomycetemcomitans and F. nucleatum were subjected to bactericidal action
of Streptococci and Lactobacilli species (Di Stefano et al., 2023). S. salivarius K12 and S. salivarius
M18 exhibited anti-inflammatory effects, which could be seen in the reduced levels of IL-6 and IL-8
mediators (Deandra et al., 2023).

Effectiveness of L. salivarius action is directly responsible for the bactericidal activity in the
main causes of periodontal diseases, including P. gingivalis, P. intermedia and P. nigrescens.
According to the results of in vitro studies, it is achievable due to the lactic acid being secreted in
the homolactic fermentation process (Ausenda et al., 2023; Lee et al., 2021). In fact, the specific
strain L. salivarius ZK-88, has many positive effects on the oral epithelium. Characterized by,
among others, high anti-inflammatory activity, high index of antibacterial activity and also
effective inhibition of pathogenic microorganisms biofilm formation (Nie et al., 2023). It has been
found that one of the pathogens of the red complex T. forsythia, present in subgingival plaque, is
sensitive to the action of L. salivarius WB21 in patients suffering from periodontitis (Hardan et al.,
2022). A major threat to P. gingivalis itself is posed by L. salivarius ZK-88 and S. salivarius ZK-102
(Nie et al., 2023).

L. plantarum CCFM8724 was more effective than treatment with chlorhexidine, as proven in
the study by Zhang et al (Rebelo et al., 2023). Further, L. plantarum WCFS1 in the agar study
showed the most successful bactericidal effect on P. gingivalis and F. nucleatum, but weaker
against A. actinomycetemcomitans (Van Holm, Carvalho, et al., 2023). W. cibaria was effective
against the same pathogenic bacteria, but surprisingly, the well-studied strain L. rhamnosus GG did
not show this effect (Rebelo et al., 2023). Intake of W. cibaria CMU, by 92 adults during an
eight-week study, reduced the number of pathogenic bacteria F. nucleatum and S. aureus
(Inchingolo et al.,, 2023). Strong activity against P. gingivalis, F. nucleatum and
A. actinomycetemcomitans was demonstrated by L. rhamnosus GG, L. pentosus KCA1, S. salivarius
AMBRO074, S. salivarius AMBR075, S. salivarius AMBR024 and S. salivarius AMBR158 (Van Holm,
Carvalho, et al., 2023). L reuteri inhibited the growth and development of
A. actinomycetemcomitans, P. gingivalis and P. intermedia (Homayouni Rad et al., 2023; Lee et al.,
2021). The inhibition of growth of A. actinomycetemcomitas was found in the subgingival plaque
tubes in vitro due to the strains S. sanguinis, S. uberis and L. gasseri (Homayouni Rad et al., 2023).
In the study on the elimination of the pathogen P. intermedia, the following strains showed
a satisfactory effect: L. pentosus KCA1, S. salivarius AMBRO74, S. salivarius AMBR0O75 and
S. salivarius AMBR024 (Van Holm, Carvalho, et al., 2023). Lactobacillus had an antibacterial effect
through the synthesis of bacteriocins similar to those of W. cibaria and had a positive effect on the
increase in E-cadherin expression on the gingival surface (Chen et al., 2023; Deandra et al., 2023).

S. dentisani, found in the oral cavity of patients not affected by periodontal disease, secretes
a bacteriocin, which limits the development of P. gingivalis and F. nucleatum species (Deandra et
al., 2023). Bactericidal hydrogen peroxide is secreted indirectly by proteins released by
L. delbrueckii STYM (Nguyen et al., 2021).

L. gasseri and L. fermentum also are species found in patients without periodontitis
(Homayouni Rad et al., 2023; Lee et al., 2021). The first one occurred to be effective against
anaerobic pathogens, and L. fermentum copped with microaerophiles (Nguyen et al., 2021).
Furthermore, probiotic strains of the Bifidobacterium species, including B. lactis and B. infantis,
effectively combat pathogens associated with periodontal disease in supportive treatment
(Deandra et al., 2023). For example, strains B. lactis and L. brevis inhibited the growth of anaerobic
bacteria in studies on mice (Nguyen et al., 2021). B. animalis subsp. lactis HN0O19 effectively
stimulates the host's immune system. When administered in a study on rats with periodontal
disease, it brought the bactericidal effect through the secretion of organic acids which evoked the
destruction of Gram-negative bacterial membranes (Deandra et al., 2023; Nguyen et al., 2021).
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IMMUNE RESPONSE

Lactobacillus, which constitutes less than 1% of the oral microbiota, synthesizes the antioxidant
substance KetoC, in HepG2 cells - acting on the nuclear erythroid 2- related factor 2-antioxidant
response element (NRF2-ARE) pathway and in gingival tissue cells in the process of the G
protein-coupled receptor on the 120-NRF ARE-MAPK pathway. It also secretes
10-hydroxy-cis-12-octadecenoic (HYA), which has anti-inflammatory effects by reducing
inflammatory cytokines and decreasing the phosphorylation of ERK signal-dependent kinase
(Deandra et al., 2023). Excellent results of the study on the host's immune response in periodontal
treatment were presented by the combination of B. longum BL986 strains with L. rhamnosus
LRHO9. Application of this combination of probiotics resulted in an increase in anti-inflammatory
interleukin 10 and a decrease in pro-inflammatory cytokines and NF-kB (Chen et al., 2023).

The L. helveticus SBT2171 strains are responsible for the weakened expression of TNF-alpha,
interleukin  1lbeta and 6 factors in periodontitis caused by the pathobiont
A. actinomycetemcomitans (Chen et al., 2023). S. cerevisiae, used alone or as a complementary
element to SRP treatments, may be important for the level of alveolar bone loss, a decrease in
TNF-alpha and IL-1beta factors, as well as an increase in the anti-inflammatory cytokine IL-10 in
patients with periodontitis, which was studied on rats (Deandra et al., 2023; Nguyen et al., 2021).
During the study on laboratory rats suffering from periodontitis, B. animalis subsp. lactis HNO19
showed the following results: it decreased the level of IL-1beta, impacted the expression of
TNF-alfa and IL-6 (mediator of bone resorption in periodontitis) as L. helveticus SBT2171, de-
creased the levels of BD-3, TLR4, CD4 in the gingival tissue and the amount of RANKL-OPG (Dean-
dra et al., 2023; Nguyen et al., 2021).

Lactobacillus species inhibit pro-inflammatory processes by increasing the presence of
beta-defensin in the epithelium and decreasing the level of TIMP-1 (Chen et al.,, 2023).
Lactobacillus bacteria affect the gene encoding IL-8 (CXCL8). As a result of its action, the amount of
this interleukin increases, which has an impact on, among others, P. gingivalis bacteria (Nguyen et
al., 2021). Inhibition of the secretion of Th17 lymphocytes is one of the actions of Lactobacillus in
the treatment of chronic periodontitis (Kazmierczyk-Winciorek et al., 2021). Resistance to P.
gingivalis and F. nucleatum was acquired by organisms using the probiotic L. acidophilus, in the
form of the production of immunoglobulin G antibodies in serum and A in saliva (Nguyen et al.,
2021). Its strain LA5 is known to reduce virulence factors of such bacteria as P. gingivalis and
F.nucleatum (Rebelo et al., 2023). The strain B. animalis subsp. lactis HN019 effectively stimulates
the host's immune system. Interestingly, in a study on rats, B. subtilis, through its action, consisting
in mimicking pathogenic periodontal microorganisms, interacts with Toll-like receptors on
dendritic cells, which affects the immune response of the diseased host (Nguyen et al., 2021). B.
lactis and L. kefiri are species that affect the regulation of proinflammatory and anti-inflammatory
cytokines (Chen et al., 2023). S. dentisani in patients without periodontal disease reduces the level
of cytokines responsible for inflammation (Deandra et al., 2023).

IMPACT ON ALVEOLAR BONE AND PERIODONTAL ATTACHMENT

In a study on rats with B. animalis, subsp. lactis HN019, the level of bone loss was reduced and
additionally a decrease in the inflammatory mediators’ levels was noted (Kazmierczyk-Winciorek
et al., 2021). A strain of the same species, B. longum BL986, taken together with L. rhamnosus
LRHO9 reduced attachment loss and destruction of the alveolar bone in periodontal disease (Chen
et al., 2023). B. lactis performed excellently in a study on rats concerning the immune control of
bone tissue remodeling through action on nuclear factor kappa B. The reduced bone loss was also
influenced by the strain B. subtilis (CH201) by lowering the activity of osteoclasts. This action was
demonstrated by the C-terminal peptide, a marker of bone resorption, in a study on rats (Nguyen
et al.,, 2021).

Various Lactobacillus strains prevent bone loss around the periodontal region (Nguyen et al.,
2021). The L. rhamnosus species has a positive effect on the level of alveolar bone and is also
known to alleviate apical periodontitis in animals (Chen et al., 2023; Nguyen et al., 2021). L. brevis,
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owing to arginine deiminase, reduces bone resorption and also inhibits the production of nitric
oxide, which reduces bone levels (Nguyen et al., 2021).

The combination of the two most popular probiotic species (Lactobacillus and
Bifidobacterium) resulted in spectacular effects for the Plaque Index (Pl), Modified Gingival Index
(MGl), Bleeding Index (BI), Pocket Depth (PD) and Clinical attachment loss (CAL) indices - all
indicated an improvement in the functioning of periodontal tissues (Hardan et al., 2022).

A 2017 study on a group of 22 patients provided satisfactory results. Following the use of
probiotics rich in L. brevis and L. plantarum, periodontal pockets were visibly reduced in each
applied area (Hardan et al., 2022). The influence of probiotic preparations containing L. reuteri
brought a beneficial effect in as many as five important parameters, i.e., BOP, gingival index (Gl),
plaque index (Pl), periodontal pocket depth and periodontal attachment level (Chen et al., 2023;
Inchingolo et al., 2023). The same probiotic administered twice a day, in lozenges, reduced probing
depth and provided a gain of connective tissue attachment (Ausenda et al., 2023). Strains L. reuteri
DSM17938 and L. reuteri ATCCPTA5289 helped in shallowing inflammatory periodontal pockets
(Lee et al., 2021). In a study with L. reuteri, the depth of periodontal pockets that required surgical
treatment was assessed after 24 weeks. The difference in depth was 1 mm, which supports the
thesis that this species may be effective in treating patients with deep pockets (Chen et al., 2023;
Inchingolo et al., 2023). Patients, both those who received and did not receive SRP, after
treatment with the probiotic L. reuteri, were also able to experience the effects of commensal
bacteria through pocket reduction, as well as improved CAL, sulcus bleeding index (SBI) and BOP
reduction. A similar effect was demonstrated by L. sporogenes treatment, however, in addition to
reducing pocket depth, there was also a decrease in the amount of dental plaque and the
periodontal attachment level was gained (Hardan et al., 2022). In a 90-day study, patients with
severe periodontitis received a mixture of L. reuteri, L. salivarius and L. acidophilus strains. After
that period, the depth of the pockets, CAL and BOP were examined and it was found that all the
values had been reduced (Kazmierczyk-Winciorek et al., 2021). All the four indices (CAL, PPD, BOP
and Pl) also improved after the use of the L. rhamanosus SP1 strain (Hardan et al., 2022).

Unchanged microbiota composition, though with a visible improvement of periodontal
condition, was observed among young adults after the intake of B. animalis subsp. lactis BB-12 and
L. rhamnosus GG(Homayouni Rad et al., 2023). The probiotic B. animalis subsp. lactis HNO19
caused a reduced depth of probing of pockets, dental plaque, immunocompetence of gingival
tissues and increased levels of connective tissue attachment in patients with periodontitis.

Summary

Periodontal disease, despite its high prevalence worldwide, continues to be a condition that, in
many cases, leads to tooth loss due to inadequate oral hygiene.

Probiotics are becoming excellent substitutes for antibiotics in the treatment of periodontal
disease, which helps to reduce the existing problem of bacterial resistance and stops the
mechanism of commensal bacteria. There is no evidence from studies indicating a lack of benefit
from supplementing the mechanical SRP method with probiotics, which makes it a valuable
approach in providing protection against the most aggressive and severe stages of the disease.

Compared to antimicrobial therapy, the use of probiotics, even on a long-term basis, does not
lead to side effects. It also strengthens the immunological response to pathogens without
intensification of periodontal destruction. Apart from probiotics, also symbiotics, i.e.,
combinations of probiotics with non-digestible prebiotic elements, have become more and more
popular.

Although probiotics do not fulfill a whole therapeutic function on their own, they certainly
support the immune system by helping to eliminate pathogens and restore oral cavity
homeostasis. Despite numerous studies conducted, it remains essential to assess the precise
effects of long-term exposure to specific strains on the oral microbiome and thus identify the most
beneficial approach for addressing periodontal disease.
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Streszczenie: Objawy dermatologiczne sg rzadka, ale bardzo zauwazalng manifestacjg rozwoju
raka, takie obserwacje majg wazng wartos¢ diagnostyczng w wykrywaniu raka. W niniejszym arty-
kule przeanalizowano szereg mozliwych objawdw skdrnych silnie zwigzanych z przerzutami raka
jelita grubego. Przedstawiamy rowniez dermatologiczne objawy zaburzen genetycznych i niegene-
tycznych oraz nietypowych infekcji, ktdre sg zwigzane z rakiem jelita grubego. Obraz kliniczny
przerzutéw jest bardzo zréznicowany i stanowi wyzwanie diagnostyczne dla klinicystéw. Niniejszy
artykut zawiera kompleksowy wybdr najczestszych powigzanych obserwacji dermatologicznych
w celu utatwienia wczesnego wykrywania i szybkiej reakcji na raka jelita grubego.

Stowa kluczowe: rak jelita grubego, zmiany skérne, przerzuty, objawy dermatologiczne, zespoty
paranowotworowe
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Acronyms:

AN — scanthosis nigricans

BRRS — Bannayan-Riley-Ruvalcaba syndrome

CRC — colorectal cancer

CCS - Cronkhite-Canada syndrome

CS — Cowden syndrome

DM — dermatomyositis

EGFR — epidermal growth factor receptor

Gl — gastrointestinal

HNPCC — hereditary non-polyposis colorectal cancer syndrome
LS — Lynch syndrome

LTS — Leser-Trélat syndrome

MTS — Muir-Torre syndrome

NCCN — National Comprehensive Cancer Network
PJS — Peutz-Jeghers syndrome
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1. Introduction

Dermatological manifestations are definitely not the first symptoms associated with colorectal
cancer. Nevertheless, although they may seem unrelated to the disease, they may actually be
ared flag being waved to alert us to pathological changes developing in the colon. Colorectal
cancer (CRC) is the third most commonly diagnosed cancer in men and is correlated with a high
mortality rate (Ferlay et al., 2015, Chirikian et al., 2021). Among patients affected by the disease,
20% have metastases and over 40% relapses (Biller and Schrag, 2021).

As the population age increases and screening methods improve, more patients are
diagnosed with colorectal cancer (Pasquereau-Kotula et al., 2018, Patel et al., 2022). Colorectal
cancer rarely metastasizes into the cutaneous tissue. Skin manifestations may occur both in the
course of cancer development and years after surgical resection, and, if present, they usually
indicate a poor prognosis as almost two-thirds of patients who develop them have a six-month
survival rate (Bittencourt et al., 2018). Therefore, it is necessary to understand the nature of these
lesions better in order to initiate prompt cancer management.

Age, genetic factors, diet, lifestyle, and environmental factors all have an impact on the
occurrence of colorectal cancer. It is reported that over 25% of cancer cases is related to genetic
familial history, and many of genetic diseases manifest themselves through characteristic skin
lesions (Cooper et al.,, 2010). This review describes the most common macroscopic and
microscopic cutaneous manifestations observed in metastatic colorectal cancer. It presents
hamartomatous polyposis syndromes, such as Peutz-Jeghers syndrome (PJS), Cowden syndrome
(CS), and Bannayan-Riley-Ruvalcaba syndrome (BRRS), as well as hereditary non-polyposis
colorectal cancers, including Lynch syndrome (LS) and Muir-Torre syndrome (MTS). Additionally, it
covers other paraneoplastic syndromes, i.e., dermatomyositis, Leser-Trélat syndrome (LTS),
Cronkhite-Canada syndrome (CCS), and gangrene infection caused by Clostridium septicum,
uniquely associated with colorectal cancer due to the tumor microenvironment.

Furthermore, enhanced cancer screening protocols are considered and improved surgical
techniques preventing tumor adhesion on the skin are discussed.

2. Materials and methods

A systematic electronic search was performed on the PubMed database. The analysis included all
data up to March 8, 2023. The search strategy was based on a combination of the keywords:
“colorectal cancer and skin lesions” OR “dermatologic manifestations of colorectal metastasis” OR
“colon and skin” AND “paraneoplastic dermatologic manifestation”. Hand-search was also carried
out for additional studies on relevant topics.

The scoping review includes studies reporting the association between colorectal cancer and
dermatologic symptoms, case studies and systematic reviews. It excludes references from
conference papers, animal studies, papers in languages other than English or articles published
before 1980.

PRISMA guidelines were followed and displayed in the flow chart in Fig. 1. The first and
second authors collaborated independently in the screening process of the articles. A total of 530
records were identified on the database by using the keywords listed above. A majority of the
duplicates identified were case study papers and they were removed accordingly.

One hundred and seventeen articles were read by the authors. Some of the records were
rejected if any of the following exclusion criteria was met: repetitive case observations, irrelevant
study type, irrelevant outcomes (studies focused purely on dermatology), or insufficient data
(studies around genetic colorectal diseases with insufficient cases correlating CRC to dermatologic
lesions). Eventually, 75 articles fulfilling the inclusion criteria were selected.
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Figure 1. PRISMA Flow Diagram.

3. Results

3.1. Metastasis of colorectal cancer to the skin

3.1.1. Macroscopic and microscopic dermatological observations of metastatic colorectal cancer

Cases of cutaneous metastases of colorectal cancer, resulting from an advanced stage and spread
of the disease, are rare. It is reported that they occur in about 4 to 6% of patients (Bittencourt et
al., 2018). The process of skin lesions can be caused by postoperative scars or it can be the first
sign of colorectal cancer metastasis. In most cases, skin manifestations were perceived long before
colorectal malignancy developed and could be the first indication of silent malignancy occurrence.
The average time between the recognition of the skin manifestation and the death of a patient
was around 14.8 months (Hakami et al., 2020).

However, there is also evidence which confirms that after skin metastasis is diagnosed,
prognosis is poor and the average time of survival ranges from 18 to 34 months (Yang et al., 2020).
That is probably due to cancer already spreading beyond the skin and invading many other organs.
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It is also known that skin manifestations can develop about two to four years after a surgery, such
as hemicolectomy or resection of the primary tumor (Hakami et al., 2020, Rajan et al., 2012).

Skin manifestations generally occur at several sites, the most common of which are the
abdominal skin or wall, head, pelvis, back, neck, chest, scapula, parts of the upper extremities
(e.g., hands) and lower extremities (knees, thighs and legs (Yang et al., 2020). There also reports
on lesions present in other locations of the skin, i.e., along the lines of the scalp, on the face,
ankles and genitalia, e.g., the scrotum or the groin (Nesseris et al., 2013; Yang et al., 2020).

Tumors that develop on the skin have a distinctive appearance, primarily because of the
cancer's lack of differentiation and its ability to undergo transdifferentiation. (Hakami et al., 2020).
The most common cutaneous manifestations are nodules, both painless and painful. The lesions
may also appear intramuscularly or intraperitoneally, depending on the location of metastasis
(Malla et al., 2019). The second most common presentation is the appearance of a cutaneous
tumor, most often on the abdominal wall. One of the signs observed on dermatological
examination are ulcerated tumors with granular and bleeding bases (Bittencourt et al., 2018).
There are also some more advanced presenting as fast-growing painless flesh-colored nodules and
hyperkeratosis (Hakami et al., 2020).

The list of dermatological observations also includes subcutaneous nodules, annular
erythema, non-healing ulcers, blisters, alopecia patches, lesions resembling herpes-zoster or
cellulitis, epidermal cysts, condylomas, and elephantiasis nostras verrucose (Fig. 2) (AlSubait et al.,
2021; Bittencourt et al., 2018).

More advanced cutaneous manifestations may also be observed, such as erythematous
multinodular cauliflower-like lesions (Nesseris et al., 2013). There is also some evidence of
plaques, red or follicular papules, draining sinuses, simple cutaneous rash and cutaneous necrosis
(AlSubait et al., 2021).

Microscopic examinations reveal typical neoplastic features, such as pleomorphism,
hyperchromatic nuclei, prominent nucleoli, and various necrotic stages. Histopathologically,
cutaneous metastasis of colorectal origin characteristically exhibits the presence of glandular
structures with intervening desmoplastic stroma (Kemal et al., 2018).

If microscopic evaluation is limited due to poor differentiation of the neoplastic cells,
immunohistochemical tests for CK7, CK20, CK19, and CDX2 can aid the diagnostic process,
particularly when cutaneous manifestations are the primary presentation in the patient (Sadler et
al., 2020).

Clinically, patients complain of pain, edema, and itching that these cutaneous lesions cause
(Yang et al.,, 2020). Undoubtedly, these skin manifestations occur commonly in many other
diseases. Therefore, each lesion should be examined very carefully by a dermatologist before it is
diagnosed that it is the first sign of colorectal cancer (Yang et al., 2020).

Table 1. Macroscopic cutaneous manifestations.

Most Second More advanced
Others
Common Common

Hyperkeratosis Erythematous
Annular erythema multinodular lesions
Non-healing ulcers Red or follicular papules
Blisters Draining sinuses
Alopecia patches Cutaneous necrosis

Cutaneous Lesions resembling

Nodules

tumors herpes-zoster or
cellulitis
Epidermal cysts
Condylomas
Elephantiasis nostras
verrucose
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3.1.2. Routes of colorectal cancer metastasis into the cutaneous tissue

Cutaneous metastasis from colorectal cancer is extremely rare, and it usually appears years after
the diagnosis or resection of the primary tumor. The most common sites to which CRC
metastasizes are the lungs and the liver, while cutaneous metastatic lesions occur in 4-6.5% of
cases, with the abdominal skin being the most common site. Preferentially, metastases affect
areas close to the primary tumor (Fig. 3) (Bittencourt et al., 2018).

In almost all cases, cutaneous metastasis is synonymous with an extensive spread of the
disease and indicates poor prognosis. Metastases may develop in distant sites, on the overlying
skin, in distant regions of the skin, or on surgical scars.

The exact mechanism of cutaneous metastasis from internal malignancies is unknown,
however,

a few hypotheses have been proposed regarding this issue. Some of them include direct extension
of neoplasm through the typical hematogenous or lymphatic spread. Colorectal cancer can also
form metastases along the ligaments of embryonic origin, the urachus.

It is highly possible that colorectal tumor cells implant on the skin during an excision surgery
(Kemal et al., 2018). The abdominal epithelium on surgical scars is often vulnerable to metastasis,
and the most plausible explanation for that would be direct tumor implantation. This may occur
during various procedures, such as hemicolectomy, or even biopsy. However, the issue has not yet
been studied thoroughly and requires further consideration.

DermNetNZ.org

Figure 2. Elephantias nostras verucosa (DermNet, 2023).

Figure 3. Cutaneous metastasis occurring near the excision site (DermNet, 2005).
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3.1.3. Management of scars associated with tumor spread

Skin manifestation of the cancer can be the first observable sign of metastasis (Hakami et al.,
2020). To avoid spreading postoperative scars associated with colorectal cancer, it is necessary to
ensure that they are managed properly. Medical specialists should work on developing methods
that minimize invasive procedures performed during hemicolectomy and resection operations
(Hakami et al., 2020; Rajan et al., 2012) since the main goal is to reduce the negative impact of
surgery on a patient's body.

A procedure in oncological colon treatment that offers many advantages is laparoscopic
surgery (Durak et al., 2022). Studies must be carried out to compare tumor implantation cases
occurring following classical surgical resection vs. laparoscopic procedure. With current medical
advancements, there several surgical techniques that may used, however, medical specialists
should decide on the method applied individually, taking into consideration specific circumstances
and preferences of each patient.

Advanced imaging techniques are needed to enhance the accuracy of surgical procedures
and avoid tumor implantations (Kijima et al., 2014). Overall, future options of managing scars
associated with colorectal cancer spread may involve a combination of improved surgical methods
and advanced imaging techniques.

3.1.4. Colorectal cancer treatment and its dermatologic side effects

Diagnosis of widespread cutaneous metastasis is associated with poor prognosis and short survival
rates. If metastases are identified early, the treatment can be modified accordingly to improve
prognosis (Bittencourt et al., 2018). Cancerous colorectal lesions can be resectable or
unresectable. Those that are unresectable require intensive systematic treatment like
chemotherapy or immunotherapy. Resection surgeries are followed by chemotherapy and
radiotherapy (Biller and Schrag, 2021).

Patients presenting with KRAS/NRAS/BRAF wild-type metastatic colon cancer are more likely
to live longer due to their sensitivity to chemotherapy combined with EGFR inhibitors, like
cetuximab and panitumumab (Biller and Schrag, 2021). Typically, they can extend the survival time
of the patient by approximately two months. Acneiform rash, also known as papulopustular rash,
is one of the most common side effects of treatment with these EGFR inhibitors. It usually
develops around the scalp, face, and trunk after two to four weeks of treatment initiation and
disappears after eight weeks (Antonetti et al., 2022). Perforative collagenosis and erosive pustular
dermatosis appear on the scalp and have been reported in patients taking panitumumab (Okuno
et al., 2022, Tsutsui et al., 2021).

Patients returning to the clinic with cutaneous manifestations after surgical resection in
multiple locations have very poor prognosis with a life expectancy of only six months. The
previously mentioned therapies are not always effective and may have some negative effects.
Patients are then referred to palliative care in addition to palliative radiation therapy (Nesseris et
al., 2013).

3.2. Colorectal diseases directly associated with cancer and skin lesions
3.2.1 Hamartomatous polyposis syndromes

Hamartomatous polyposis syndromes are a group of diseases that present with numerous
gastrointestinal (Gl) polyps, dermatological lesions, and predisposition to Gl cancers (Tab. 2).
These syndromes are categorized based on histological presentation of polyps (Campos et al.,
2015). This paper examines each syndrome separately, including their specific skin features, typical
patient population, malignancy risk, and genetic background.

This paper does not cover the syndromes that lack characteristic skin lesions (juvenile
polyposis syndrome, multiple endocrine neoplasia type 2B, Birt-Hogg-Dubbe syndrome,
neurofibromatosis I, hereditary mixed polyposis syndrome).
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PEUTZ JEGHERS SYNDROME

Peutz Jeghers syndrome (PJS) is an autosomal dominant disease that presents with numerous
hamartomatous Gl polyps and mucocutaneous hyperpigmentation. The syndrome is caused by
mutations in STK11 encoding a tumor suppressor, serine-threonine kinase and occurs equally in
both genders and all racial groups. (Hemminki et al., 1998, Shakil et al., 2022)

Pediatric patients are usually identified during a routine check-up. They present characteristic
dark blue/brown macules around the mouth, buccal mucosa, nostrils, and the eyes Fig. 2. These
pigmentations usually disappear around adulthood. Thus, it is essential that detailed history of the
patient is taken, including information about any abnormal skin pigmentations during childhood
even if those lesions have disappeared a while ago (Chen et al., 2017, Miyahara et al., 2020).

PJS polyps can spread anywhere in the gastrointestinal system, increasing the risk of
colorectal cancer up to 39% in patients with a mean age of 42-46 years old. The risk of
intussusception among younger patients aged below 10 is 44%.(Van Lier et al., 2011)

According to the National Comprehensive Cancer Network NCCN 2021 guidelines, it is
recommended that patients undergo molecular genetic studies to identify the STK11 mutation.
Colonoscopy and endoscopic studies should start at the baseline age of 8 years old. If some polyps
are detected then the patient must undergo repeated testing once in one to three years
depending on the number, size, and histology of the resected polyps. Adult females are also
instructed to undergo mammography beginning at the age of 30 years and routine gynecologic
examination beginning at the age of 18 years. Males are advised to have a testicular ultrasound
done starting from the age of 10 years if symptoms and polyps are found (Weiss et al., 2021).

PTEN HAMARTOMA TUMOR SYNDROME: COWDEN SYNDROME (CS) AND BANNAYAN-RILEY-RUVALACABA
SYNDROME (BRRS)

BRRS and CS are autosomal dominant diseases that occur due to a mutation in the tumor
suppressor gene PTEN, highly predisposing to cancer development. Colonic polyps are found in up
to 95% of patients with CS and BRRS (Heald et al., 2010). Both diseases present with characteristic
dermatological manifestations that help doctors to identify them and prevent multisystem tumors
affecting such organs as the colon, breast, thyroid, kidneys, and skin melanomas (Tan et al., 2012).

COWDEN SYNDROME

Stanich et. al and Heald et. al reported presence of colonic polyps in over 90% of their patients
with Cowden syndrome (Heald et al.,, 2010, Stanich et al.,, 2011). Most of the polyps were
hamartomatous, some other types observed were hyperplastic, inflammatory, leiomyomas,
adenomas, etc. (Smerdel et al., 2020).

The average age of diagnosing metastatic colorectal cancer in Cowden Syndrome patients is
47 years, and the lifetime risk is estimated to be two to three times higher than in the general
population (Miyahara et al., 2020. Stanich et al., 2011).

Mucocutaneous manifestations develop by late 20’s in 90% of individuals with CS. Many
various types of lesions appear and indicate the risk of CS. The most characteristic ones are
trichilemmomas, which are benign hamartomatous lesions of the hair follicle (Fig. 5). Other, also
quite specific for the condition, are acral keratoses, oral papillomas, and mucocutaneous
neuromas (Lim and Ngeow, 2021).

Close surveillance planned specifically for patients with Cowden syndrome is essential due to
their increased risk of formation of benign and metastatic tumors. NCCN recommends that
colonoscopy be regularly performed in CS patients every five years, beginning from the age of 35.
Colonoscopy is necessary immediately if the patient develops symptoms as bleeding on
defecation, diarrhea, and pain. If the patient is closely related to a relative previously diagnosed
with colorectal cancer, then they should be closely monitored already at the age five to ten years
younger than that at which their family member was diagnosed with the disease (Weiss et al.,
2021). Following the proposed guidelines ensures optimal survival and treatment for the patients.
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BANNAYAN-RILEY-RUVALCABA SYNDROME (BRRS)

BRRS is a rare pediatric autosomal dominant disease that presents quite similarly to CS and is also
mostly linked to PTEN mutation. Most clinical data come from patients with CS and less commonly
those with BRRS (Pilarski et al., 2013).

Hamartomatous polyps are observed in 35% to 45% of patients with BRRS. The lesions are
located all over the gastrointestinal tract, particularly in the colon and rectum.

BRRS is usually diagnosed in infancy, unlike CS which prevails in adulthood. It presents
primarily with pigmented macules on the toes and glands, subcutaneous lipomas, severe anemia,
and macrocephaly (Boland et al., 2022). Pediatric patients may present with rectal bleeding,
watery diarrhea, and abdominal pain. These symptoms are likely to arise when the polyp becomes
larger (Erkek et al., 2005). Interestingly, intestinal hamartomas appear more symptomatic in
patients with BRRS compared to CS.

Older studies have not associated BRRS polyps with an increased risk of malignancy (Erkek et
al., 2005). However, recently Hendriks et al. have suggested annual testing of hemoglobin level
beginning from infancy for early detection of hamartomas and have recommended the same
surveillance protocol as that applied in the case of CS patients.

Table 2. Dermatologic features and colon cancer risk in hereditary non-polyposis syndrome and
hamartomatous polyposis syndromes (based on the literature).

Mean age of Colon cancer

Associated Main .
Syndrome . colon cancer risk
Gene Dermatologic features
development
Hereditary non- MLH1, Sebaceous lesions in
-polyposis syndrome MSH2, the periocular region,
(HNPCC) (LS and MTS) MSHS6, sebaceous adenomas, 20-40 80%
PMS2 keratoacanthomas
Hamartomatous
polyposis syndromes:
Peutz-Jeghers Characteristic dark
syndrome (PJS) STK11 brown macules around 42-46 39%
the mouth

trichilemmomas, acral
Cowden and Bannayan keratoses, oral
4 PTEN

. . . 47 9-16%
Riley disease papillomas
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Figure 4. Peutz-Jeghers syndrome: black spots in the perioral area (image courtesy of Pablo
Agustin Vargas).

DermNetNZorg

Figure 5. Trichilemmomas on facial hair follicles in Cowden syndrome (DermNet, 2022a).

3.2.2 Hamartomatous polyposis syndromes

HEREDITARY NON-POLYPOSIS SYNDROME (HNPCC): LYNCH SYNDROME (LS) & MUIR-TORRE SYNDROME
(MTS)

Lynch Syndrome (LS), formerly known as hereditary non-polyposis colorectal cancer syndrome
(HNPCC), is a common hereditary cancer predisposition syndrome with a prevalence of 1 in 300.
Without intervention, patients with HNPCC have an 80% lifetime risk of colorectal cancer with the
onset at age of 20-40 years. (Aarnio et al., 1999)

Muir-Torre syndrome (MTS) is a subtype of HNPCC. Cancers of the Gl tract make up more
than 60% of the visceral malignancies in MTS, and colorectal cancer is the predominant neoplasm
(Cohen et al., 1995, Cohen et al.,, 1991). Additionally, extraintestinal manifestations, such as
sebaceous gland carcinomas, breast carcinomas, epitheliomas, and multiple or early-onset
keratoacanthomas are also associated with MTS (Cohen et al., 1991, Pettey and Walsh, 2005,
Strate and Syngal, 2005).

MTS is inherited as an autosomal dominant disease. It is caused by a germline mutation in
a DNA mismatch repair gene. The most commonly mutated mismatch repair genes are MLH1,
MSH2, MSH6, and PMS2 (Kudibal and Venzo, 2018). MTS more commonly involves a mutation of
MSH2, while HNPCC shows an equal prevalence of MLH1 and MSH2 (Lazar et al., 2007). Thus,
sebaceous tumor microsatellite instability and immunohistochemical staining for MSH2 help
screen patients who are suspected of MTS.

The diagnostic criteria, proposed by Schwartz et al. in 1995, included the presence of
a sebaceous tumor (sebaceous adenoma, sebaceous carcinoma, or sebaceoma) and at least one
visceral malignancy (Schwartz and Torre, 1995). The current diagnosis of MTS is mostly clinical,
history-based, and supplemented by immunohistochemistry and molecular analysis (Mathiak et
al., 2002).
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As regards the morphology of MTS, there is a large spectrum of sebaceous, from those
benign, through hyperplastic to aggressive carcinomas. Sebaceous adenomas appear as
slow-growing tan pink or yellow nodules and papules. They are often centrally umbilicate with
ulceration (Fig. 6). Sebaceomas (sebaceous epithelioma) are similar to sebaceous adenomas but
larger in size
(5-30mm) and have a higher content of basaloid cells (>50%) on immunohistochemistry studies.
Sebaceous carcinomas more often appear on the periocular region and present as painless
nodules without ulceration on the upper eyelid.

Burris et al. recommended that all patients with sebaceous neoplasms be screened for MTS.
Family history was emphasized as the most cost-effective screening tool with the highest positive
and negative predictive values. It should be taken first, before implementing other costly
confirmatory tests (Burris et al., 2019).

Once the diagnosis of MTS is confirmed with genetic testing, annual evaluations for
malighancy should be performed (Simic et al., 2021). Treatment applied may involve excision and
adjuvant radiation therapy (Ponti and Ponz de Leon, 2005).

Figure 6. Sebaceous adenoma in Muir-Torre syndrome (DermNet, 2021a).

3.2.3 Other paraneoplastic syndromes

LESER-TRELAT SYNDROME (LTS)

The Leser-Trélat syndrome (LTS) is a sudden occurrence of multiple seborrheic keratoses in
association with an internal malignancy (Rampen and Schwengle, 1989). Most patients with “Sign
of Leser-Trélat” develop associated adenocarcinomas. The most common locations of these
cancerous lesions are the stomach, colon, and the rectum (Cohn and Classen, 1993, Ginarte et al.,
2001, Heng et al., 1988). “Sign of Leser-Trélat” is not identical to LTS. It can be present with or
without occult malignancy (Heaphy et al., 2000, Ponti et al., 2010), whereas LTS requires
malignancy confirmation.
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Figure 7. Multiple eruptive seborrheic keratoses (”sign of Leser-Trélat”) (DermNet, 2004).

Seborrheic keratoses are pigmented well-circumscribed lesions. They may be black or have
natural or tan skin color (Fig. 7). Their texture is typically described as waxy, and velvety, and they
may have a "stuck-on" appearance. Pruritus is a leading symptom associated with these lesions
(Schwartz et al.,, 1991). They are mostly found on the trunk and the extremities and often
resemble the “Christmas tree” or “raindrop” pattern on the patient’s back. The exact
pathophysiology underlying the sign of Leser-Trélat remains unknown. Still, there is a strong
suspicion that the release of growth factors and cytokines from the neoplasms stimulates the
eruptive development of seborrheic keratoses. Particularly, overexpression of EGF-alpha and EGFR
(epidermal growth factor receptor) may contribute to the eruptive characteristics of malignancies
(Ellis et al., 1987). Theodropolous et al. reported that 44% of colorectal cancer patients (median
age 64 years) show a high EGFR expression (Theodoropoulos et al., 2009). Additionally, Kim et al.
demonstrated that a higher expression of EGFR is concurrent to a more advanced stage of CRC (Oh
et al., 2011).

Lesions occurring in the Leser-Trélat syndrome are harmless and do not require specific
treatment. They tend to resolve once the underlying disease is treated, therefore the primary aim
of the physician is to detect and treat cancer. If necessary, such lesions can be removed using
various surgical procedures.

It is noteworthy that about two-thirds of patients with LTS develop accompanying
paraneoplastic symptoms, such as Acanthosis nigricans (AN). Malignant acanthosis nigricans most
often occurs in the course of gastrointestinal adenocarcinomas (80%) (Gunduz et al., 2013, Lee et
al., 2011). AN is characterized by symmetric, hyperpigmented, and velvety plaques (Phiske, 2014).
A malignant type of AN is a more severe form of AN. It is associated with poorer prognosis and
accompanied by paraneoplastic tripe palms (acanthosis palmaris, Fig. 8), strongly related to
internal malignancy at 90%. Another well-known risk factor for colorectal cancer, particularly in
males, is obesity (Kant and Hull, 2011). It is suspected that there may be comorbidity between
obesity-related AN and colorectal cancer (Lee et al., 2011). Thus, the presence of pruritus, obesity,
and acanthosis nigricans hyperpigmentation should majorly alert the physician of underlying
malignancies.

LTS is usually ignored by both patients and practitioners, which results in a delayed diagnosis
and unresectable lesions. Patients with LTS have a poor prognosis and an average survival rate of
10.6 months (Holdiness, 1987). The recommended diagnostic workup should include laboratory
and histopathological tests, along with imaging examinations such as ultrasound, CT scans, or PET
scans to detect any underlying tumors that may not be evident on a physical exam. The laboratory
tests include routine complete blood count, chemistry tests and urinalysis. A Papanicolau test and
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cervical cytological examination should be performed in women, and a prostate specific antigen
(PSA) test in men. Awareness of the syndrome, as well as thorough workup may lead to earlier
identification of the underlying malignancy, and thus a more favorable outcome (Constantinou et
al., 2010).

DermNetNZ.org

Figure 8. Tripe palms in paraneoplastic AN (DermNet, 2022b).

DERMATOMYOSITIS

Dermatomyositis (DM) is an idiopathic inflammatory myositis manifested by skin rash, muscle
weakness and aches (Gkegkes et al., 2018). Approximately 25% of DM patients present with
a concurrent malignancy (Shah et al., 2013), affecting mostly the ovaries, colon and rectum, lungs,
and breasts (Buchbinder et al., 2001).

Patients with both DM and colorectal cancer are mostly males aged over 50 years. On
dermatological examination, they show specific cutaneous necrosis and ulcers, including
characteristic heliotrope erythema and Gottron papules (Fig. 9) (Dourmishev and Draganov, 2009).

Figure 9. Gottron sign of dermatomyositis over the knee (DermNet, 2020).

The malignancy may precede, come concurrently with, or follow the onset of myositis
symptoms (Bogdanov et al., 2018).

One of the theories that explains this correlation is quite straightforward. The
immunosuppressive drugs used to treat dermatomyositis weaken the immune system, thus
allowing cancer to proliferate (Szekanecz et al., 2006).

According to another hypothesis, autoimmune myositis is a paraneoplastic disease that
appears after the primary cancer has developed (Dourmishev and Draganov, 2009). It assumes an
immunogenic similarity between the developing malignancy and regenerating myoblasts, which
provokes cross-reactivity in patients prone to autoimmunity (Casciola-Rosen et al., 2005). Among
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reported studies, there is an interesting case of an 81-year-old Japanese man who complained
about muscle weakness and skin eruptions. His colonoscopy revealed a stage 2 tumor which was
later resected. Fourteen days after the surgery, all eruptions on the patient’s skin disappeared and
he was able to stand not being assisted. Sudden exacerbation of dermatomyositis symptoms
post-resection is a clear indicator of possible cancer relapse (Ono et al., 2017).

There have already been many cancer screening protocols suggested, however, none of
them has accurately balanced the advantages, disadvantages and the costs. Until effective
guidelines are established, clinicians providing care to DM patients should promote a shared
decision-making process that aligns with both the doctor's and patient’s preferences (Khanna et
al., 2021).

CRONKHITE-CANADA SYNDROME

Cronkhite-Canada syndrome (CCS) is a rare acquired non-familial polyposis disease with an
unknown etiology. It is characterized by numerous Gl polyps and various ectodermal changes,
which include alopecia, skin pigmentation changes, and nail atrophy. (Fig. 10) (Wang et al., 2017).

Watanabe et al. found the disease to be slightly more male-dominated, with symptoms
arising at an average age of 63.5 years. So far, it has not been confirmed that CCS has a genetic
background, however, more and more specialists notice hereditary tendencies. Another possible
etiology of CCS is related to an allergic response with significantly increased IgE levels, which
explains the beneficial effect of glucocorticoids (Wu et al., 2020).

Figure 10. Onychodystrophy in Cronkhite-Canada syndrome (DermNet, 2021b).

Patients present with characteristic dermatological complaints and nonspecific GI symptoms
like watery diarrhea, abdominal pain, and loss of appetite. CCS diagnosis should be based on the
presence of polypoid lesions confirmed by endoscopy, general Gl symptoms, and characteristic
dermatological lesions, all combined together (Kunishi et al., 2021).

Polyps detected in CCS are of numerous types including inflammatory, hyperplastic,
adenomatous, and hamartomatous polyps, that spread all over the Gl tract (Wu et al., 2020).
Histologically they have engorged mucosa, expanded crypt, and infiltrated lamina propria with
inflammatory cells dominated by eosinophils. The presence of heterogeneous polyps in the colon
alerts us of the major risk of tumor development (Wang et al., 2017).

Specific data on the risk of malignancy in CCS patients should be recorded, therefore they
are advised to come for regular follow-ups to ensure prompt detection of cancerous lesions. Large
polyps with the potential of malignant transformation need to be resected at an early stage (Wu et
al., 2020).

58



3.3. Bacterial infections uniquely associated with colorectal cancer

Interestingly, there are several bacterial species that have been uniquely associated with
colorectal cancer due to the favorable conditions the location of tumor offers. Among these are
Clostridium septicum and Streptococcus gallolyticus (also known as S. bovis.) Even up to 80% of
patients infected with S. bovis have concurrent colonic neoplasms (Chirikian et al., 2021).

Clostridium septicum is a rare opportunistic bacterium that presents with significant
dermatological lesions and is frequently associated with colorectal cancer. Clostridium septicum is
a gram-positive, anaerobic, spore-forming, opportunistic bacillus found in the gastrointestinal
tract. It produces exotoxins and adhesins that have been proven to be pro-oncogenic factors to
malignancies. These exotoxins induce DNA damage of intestinal epithelial cells, increasing
inflammation, and enhancing cell proliferation.

Patients with Clostridium septicum bacteremia often have concomitant colorectal neoplasms
(Corredoira et al., 2017). Through their anaerobic metabolism, colorectal tumors produce an acidic
and hypoxic microenvironment, which greatly promotes the germination of clostridial spores
(Nanjappa et al., 2015).

Clostridium infection mostly affects the soft tissues of the limbs and manifests on the skin
severely as cellulitis, abscesses, and gas gangrene (or myonecrosis) (Fig. 11). Usually, the foot turns
purple, and superficial erosions on the ankle and dorsum of the foot are observed.

Clostridium septicum infections are not so common in clinical practice. However, they are
rapidly progressing and life-threatening conditions that may lead to sepsis, with a mortality rate as
high as 50% (Slezak et al., 2022). Considering the high correlation with colorectal cancer, their
presence can be a first paraneoplastic symptom, therefore the doctor should look for an
underlying oncological disease. Diagnostic methods should obviously include colonoscopy and
other imaging techniques to identify other coexisting neoplastic lesions (Nanjappa et al., 2015).

© Waikato District Health Board

Figure 11. Necrotizing skin infection with gangrene (DermNet, 2016).

4, Discussion

Cutaneous metastases from colorectal malignancies are a rare observation, occurring in less than
5% of patients (Bittencourt et al., 2018). The presented paper discusses a wide variety of skin
manifestations associated with colorectal cancer. They may precede, be concurrent with, or follow
the development of the disease.

In the case of inherited diseases, such as Peutz Jeghers or Muir-Torre syndromes, skin lesions
may occur before cancer develops. These genetic syndromes are manifested by characteristic
symptoms, alerting the clinician to initiate screening for related types of cancer.

In paraneoplastic diseases like dermatomyositis or unique infections like Clostridium septicum
infection, skin lesions may occur concurrently with cancer .
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Finally, skin manifestations may appear after resection surgery, in the form of widespread
metastasis or as a direct extension via surgical tracts. This is a topic of high interest to surgeons
who attempt to identify the causative agents of tumor adhesion at surgical sites. The specialists
need to adopt new delicate maneuvers of excision to avoid the occurrence of this iatrogenic harm.

Unlike internal symptoms, cutaneous manifestations are easily noticeable. They are disruptive
to the patient’s well-being, prompting them to seek medical advice quickly. Thus it is necessary for
clinicians to keep an eye on new and unresolving skin lesions and remain constantly alert to
potential underlying malignancies.

The authors acknowledge that the study has of a number of limitations that should be
considered. The paper covers a wide range of skin manifestations linked to colorectal cancer, and
although the literature search was extensive, it may be viewed as selective due to the exclusion of
repetitive cases and observations with insufficient data to support the correlation. Another
limitation in our research was language restriction.

The body communicates with us in extraordinary ways that we do not yet fully understand.
Clinical presentation of metastasis is widely varied and poses a diagnostic challenge to clinicians.
Thus, we recommend a concise investigation of skin manifestations that appear to link directly to
colorectal cancer development. A condensed manual should be developed to promote early
recognition and appropriate medical management.

5. Conclusions

Cutaneous manifestations are rare and may be a direct reflection of colorectal cancer
development. Lesions may take the form of cutaneous metastasis of cancer or a paraneoplastic
symptom. Correct recognition of the manifestation will enhance our screening efforts and further
reduce colorectal cancer mortality rates.
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Abstract: Macroangiopathy is one of the most important risk factors/causes of ischemic,
non-cardioembolic stroke. Atherosclerotic stenosis of the common carotid artery/internal carotid
artery (CCA/ICA) is considered more dangerous when plaque presents as hypoechogenic in USG
imaging. The main aim of the study was prospective observation/monitoring of changes of the
condition of carotid arteries (CCA and ICA) in patients with symptomatic and asymptomatic carotid
stenosis. The more specific goals included evaluation of the degree of arterial stenosis,
morphology of atherosclerotic plaques, intima-media complex (IMC) thickness, and biochemical
stroke/cardiovascular risk factors.

The study included 48 patients with at least 50% carotid stenosis, with a mean age of 66.75
years when entering the study. Twenty four patients (50%) who had previously been hospitalized
due to ischemic stroke/transient ischemic attack (TIA) were classified as symptomatic patients.
Ten healthy control subjects with a mean age of 67.7 years had never shown symptoms of stroke
or USG evidence of carotid stenosis. Both groups underwent long-term clinical observation
covering a period between one and a half and three years. Subsequent visits and examinations,
including Doppler USG evaluation of the carotid and vertebral arteries, were performed every four
months (in the study group) or every eight months (in the healthy controls). Statistically analyzed
data were collected for over two years in the study group and one and a half years in the controls.
Throughout a 16-month period of monitoring the condition of carotid arteries, we observed
progression of arterial stenosis, which was most prominent over the first eight months (Visits 1-4),
and less pronounced in the following nine months (Visits 5-8), with a slight regression at the end of
the observation period. A prospective analysis of plaque structure showed significant changes in
its morphology, developing over the whole period of the study. Plaques classified as unstable
(hypoechogenic) at the beginning of our study tended to transform into stable ones
(hyperechogenic) with time (except for the last four months).

The assessed changes in intima-media thickness were not found to be statistically significant
over the whole study period. Among all the laboratory tests (blood morphology, hematology,
serum lipids, fasting blood glucose level, glucose loading test, HbAlc, sedimentation rate, and
C-reactive protein), only total cholesterol levels changed considerably over the period of the
20-month observation. Among all the risk factors studied at the same time-points as Doppler
ultrasound was performed, only one parameter, i.e. total cholesterol level, showed statistically
significant differences between the groups. There were no changes in any of the parameters
assessed in the control group.

The study findings prove that, if performed every four months in both symptomatic and
asymptomatic patients with at least 50% carotid artery stenosis, Doppler USG examination seems
to be a reasonable method for monitoring the dynamics of atherosclerotic processes which lead to
narrowing of the arterial lumen, deleterious transformation of the intima-media complex and
changes in the morphology of carotid atherosclerotic plaques. Therefore, it may be a useful tool
and paradigm of examination which has a considerable preventive value.

Key words: ischemic stroke, cerebrovascular disease, carotid stenosis, atherosclerotic plaques,
IMC, IMT, Doppler USG, cholesterol
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Streszczenie: Makroangiopatia jest jednym z najwazniejszych czynnikéw ryzyka/powoddéw niedo-
krwiennego, niesercopochodnego udaru mdzgu. Miazdzycowe zwezenie tetnicy szyjnej wspol-
nej/tetnicy szyjnej wewnetrznej (CCA/ICA) jest uwazane za tym grozniejsze, im bardziej
hypoechogeniczna jest blaszka miazdzycowa w badaniu USG. Celem tego badania byfa prospek-
tywna obserwacja / monitorowanie zmian stanu tetnic szyjnych (CCA i ICA) u pacjentéw z obja-
wowym i nieobjawowym zwezeniem tych tetnic. Bardziej szczegétowe cele byly zwigzane z oceng
stopnia stenozy tetnic szyjnych, morfologii blaszek miazdzycowych, grubosci kompleksu inti-
ma-media (IMC) oraz biochemicznych czynnikdw ryzyka udaru madzgu / choréb serco-
wo-naczyniowych.

Badanie byto przeprowadzone na 48 pacjentach z co najmniej 50-proc. zwezeniem tetnicy
szyjnej. Sredni wiek w tej grupie wynosit 66,75 lat w chwili przystepowania do badania. Dwudzie-
stu pieciu pacjentéw (50%), ktorzy wczesniej byli hospitalizowani z powodu niedokrwiennego
udaru mozgu / TIA, sklasyfikowano jaki pacjentéw objawowych. Grupe kontrolng stanowito 10
zdrowych oséb o sredniej wieku 67,7 lat, ktdre nigdy nie miaty objawdw udaru mdézgu ani danych
na zwezenie tetnicy szyjnej w badaniu USG. Obie grupy pacjentéw podlegaty diugoterminowej
obserwacji klinicznej (1,53 lat), zas kolejne konsultacje i badania, w tym badanie USG Doppler
tetnic szyjnych i kregowych, byly wykonywane co 4 miesigce (w grupie ze stenozg) lub co 8 mie-
siecy (w grupie kontrolnej). Analiza statystyczna byta przeprowadzona na danych uzyskanych
w ciggu 2 lat obserwacji grupy ze zwezeniem tetnicy, oraz 1,5 roku obserwacji grupy kontrolne;j.

W ciggu 16-miesiecznego monitorowania stanu tetnic szyjnych obserwowalismy postep ste-
nozy tych tetnic, ktory byt najsilniej wyrazony przez pierwsze 8 miesiecy badania (miedzy wizytami
1-4), a mniej wyrazona w ciggu kolejnych 8 miesiecy obserwacji (miedzy wizytami 5-8), z niewiel-
kim cofaniem sie zwezenia pod koniec okresu obserwacji. Prospektywna analiza struktury blaszek
miazdzycowych wykazata znamienne réznice w morfologii blaszek w czasie trwania catego bada-
nia. Blaszki zakwalifikowane na poczatku badania jako niestabilne (hipoechogeniczne) miaty ten-
dencje do przeksztatcania sie w blaszki stabilne (hiperechogeniczne), z wyjgtkiem ostatnich 4 mie-
siecy. Ocena zmian grubosci kompleksu intima-media w trakcie trwania badania nie wykazata sta-
tystycznie znamiennych réznic. Sposréd wszystkich wykonanych testow laboratoryjnych
(morfologia krwi, hematologia, profil lipidowy, glikemia na czczo, krzywa obcigzenia glukozg,
HbAlc, OB., CRP) tylko wartosci stezenia cholesterolu catkowitego we krwi wykazaty znamienne
réznice w odstepie 20-miesiecznej obserwacji. W grupie kontrolnej nie byto zadnych zmian w zad-
nym z badanych parametréw.

Podsumowujac wyniki badania, ocena co 4 miesigce za pomocg USG Doppler stanu zwezenia
tetnicy szyjnej u pacjentéw objawowych lub nie objawowych, ale majgcych co najmniej 50-proc.
stenoze tetnicy szyjnej, wydaje sie racjonalnym sposobem monitorowania dynamiki procesu miaz-
dzycy, ktory prowadzi do zwezania sie tetnic, szkodliwej transformacji kompleksu intima-media,
jak réwniez takich niekorzystnych zmian morfologii blaszek miazdzycowych w tetnicach szyjnych
i mogtaby by¢ uzytecznym narzedziem i paradygmatem badania majacym ,,prewencyjne” zalety
w profilaktyce niedokrwiennego udaru mézgu.

Stowa kluczowe: udar niedokrwienny mdzgu, choroba sercowo-naczyniowa, zwezenie tetnicy
szyjnej, blaszka miazdzycowa, IMC, IMT, USG Doppler, cholesterol
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Acronyms

AF — atrial fibrillation

CAS — carotid angioplasty with stent
CCA — common carotid artery

CEA — carotid endarterectomy

ICA —internal carotid artery

ICF —informed consent form

IMC — intima-media complex

SD —standard deviation

TGA — transient global amnesia

TIA — transient ischemic attack
Doppler USG — Doppler ultrasonography
VA —vertebral artery
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Introduction

Atherosclerosis of the vessels supplying blood to the brain is one of the key conditions underlying
ischemic stroke. Among them is macroangiopathy, i.e. an atherosclerotic process affecting the
carotid arteries and one of the major risk factors/causes of ischemic, non-cardioembolic stroke.
Atherosclerotic stenosis of the common carotid artery (CCA) and the internal carotid artery (ICA) is
considered more dangerous when plaque presents as hypoechogenic in ultrasound imaging. More
dangerous plaque is associated with both larger lipidic deposits and lower calcification at the same
time (Abd-Alla et al., 2012; Garvey et al. 2000; Rothwell et al., 2003). Antiplatelets (acetylsalicylic
acid, clopidogrel) are suitable and sufficient antithrombotic preventives against ischemic stroke in
patients with mild and moderate stenosis, while in some individuals, endarterectomy or
angioplasty with stent, as a more effective method of secondary prevention, especially in the case
of stroke/TIA, are obligatory. However, it is not only the degree of stenosis (70-99%) that should
be considered but also hemodynamic conditions. Although CT angiography of the carotid arteries
is a precise method of evaluation of stenosis degree, it does not allow to measure velocity of the
blood flow or assess structure of the arterial wall - intima-media thickness (IMT) or morphology of
atherosclerotic plaques in terms of their content and stability. Doppler ultrasound imaging is
a noninvasive and accurate method of detecting all of these parameters (Masayuki et al., 2024,
Matos et al., 2014).

Material and Methods
The study was approved by the Ethics Committee of the Medical University of Lodz.
PATIENTS

The study was performed in 48 patients (17 females and 31 males) with at least 50% carotid
stenosis (in some cases bilateral) with a mean age of 66.75 years (standard deviation 9.4 years),
who gave informed consent. Twenty-four individuals (50%) had previously been hospitalized due
to ischemic stroke/TIA and were classified as symptomatic patients.

Ten healthy controls (six females and four males), with a mean age of 67.7 years (standard
deviation 8.5 years), showed no symptoms of stroke or ultrasound evidence of carotid stenosis
when entering the study.

There were no statistical differences in the mean age of the groups (p>0.05) or in terms of
concomitant diseases (Table 1).

Table 1. Baseline characteristics of the patients in the study and control groups.

Study Control L
. Percentage Percentage Statistical
No. Disease group . group . .
of patients of patients evaluation
(N=48) (N=10)

) Yates’s
Hypertensive .
1 34 70.83 4 40.00 chi-squared test

disease
=2.25 p>0.05
Yates’s
2 Diabetes 6 12.50 3 30.00 chi-squared test
=0.83 p>0.05
Yates’s
chi-squared test
=0.14
p>0.05

3 Atrial fibrillation 9 18.75 3 30.00
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Table 1. Baseline characteristics of the patients in the study and control groups (cont.)

Fisher’s exact
Coronary heart

4 . 11 22.92 1 10.00 test
disease
p>0.05
) Fisher’s exact
Myocardial
5 ) ] 10 20.83 2 20.00 test
infarction (past)
p>0.05
Fisher’s exact
6 Stroke (past) 25 52.08 0 0.00 test
p<0.01
Fisher’s exact
No other
7 ) 0 0.00 2 20.00 test
diseases
p<0.05
Fisher’s exact
8 Smoking 11 22.92 2 20.00 test
p>0.05

INCLUSION AND EXCLUSION CRITERIA

e Inclusion criteria: signed informed consent form (ICF), presence of plaque in at least one of
the carotid arteries with a hemodynamic effect (for the study group), ability to visit
hospital for medical examination every four months for a total period of three years.

e Exclusion criteria: withdrawal of consent, physical or mental disability affecting scheduled
visits.

Both groups underwent a long-term clinical and diagnostic observation covering a period between
one and a half and three years.

The statistically analyzed data were collected over a minimum period of two years in the
study group and one and a half years in the controls.

METHODS

The study group and the control subjects underwent Doppler USG examinations (every four or
eight months, respectively) performed with the use of the Siemens Acuson CV70 system. The
arterial lumen, blood flow, IMT and plaque structure were measured at midday hours and
analyzed. Software dedicated for the carotid and vertebral arteries and a 10MHz head were
applied. The parameters of CCA, ICA and the vertebral artery (VA) were examined bilaterally.

Due to different schedules of appointments (every eight months for the healthy volunteers
and every four months for the study group), Visit 2 for the former and Visit 3 for the latter were
held in the same time point. Similarly, Visits 5 and 3 for the study group and Visits 3 and 2 for the
control group were equivalent for both groups due to the same schedule.

Stenosis was estimated based on the European Carotid Surgery Trial (ECST). As
a complementary procedure, the following converter based on the blood flow was used (Table 2).
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Table 2. Method of conversion of abnormal blood flow into percentage of arterial

stenosis.

Stenosis PSV [cm/s] EDV [cm/s] Turbulences ICA/CCA ICA/CCA above
0-30% <125 <40 - <1.8 0.8-1.0
30-40% <125 <40 -[+ <1.8 0.8-1.0
40-50% 125 40 + 2.0 1.2-1,5
50-60% <150 50 + <3.0 1.2-2.0
60-70% >200 <100 ++ 4.5 2.0-3.0

>70% >250 >100 +++ >5.0 >4

>90% >300 >140 +++ >5.0 >8

>95% <100 <40 +/- <1.8 1.0-3.0

In specific cases, additional modifications were applied:

e stenosis >7_0% or coexisting contralateral CCA/ICA occlusion — 10%
e short-length plaque — 10%

o extended multilevel stenosis + 15%

e significant flow acceleration in VA + 15%.

For the statistic purposes, all plagues were classified either as stable or unstable based on the
Bluth method (Bluth El et al. 1986).

The IMT was measured 1 cm below the sinus (lower variability in the CCA than the ICA) in
both frontal and lateral projections. The mean was evaluated accordingly.

At the same time-points as USG-D examinations, blood samples were taken from the patients
for evaluation of morphology, hematology, serum lipids, fasting blood glucose level, glucose
loading test, HbAlc, sedimentation rate and c-reactive protein.

The patients were asked to restrain from fatty foods and tobacco smoking throughout the
whole study period.

STATISTICAL METHODS

The arithmetic mean ( x ) median (Me), standard deviation (SD) and skewness were appropriately
applied. For further analysis, the following tests were performed: the Shapiro—Wilk test, the
t-Student test, Yates's chi-squared test, the Mann-Whitney test, the Levene test, the Wilcoxon
test, Friedman’s ANOVA test and Spearman's rank correlation coefficient.

Differences were considered as statistically significant at p<0.05.

For all the statistic calculations, the Statistica 10.1PL and MS Office software were used.
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Results

PROSPECTIVE OBSERVATION OF THE DYNAMICS OF CAROTID STENOSIS CHANGES

Over the 16-month period of monitoring the condition of carotid arteries, we observed
progression of arterial stenosis, which was most prominent in the first eight months (Visits 1-4)
and less pronounced in the following eight months (Visits 5-8), with little regression at the end of
observation period. The exact values of stenosis (expressed as percentage %) at all the visits and a
relative comparison of the subsequent visits are shown in Table 3.

Statistically significant differences in progression of carotid stenosis were observed between
the following visits: 1vs.3,1vs.4,1vs.5,2vs.3,2vs.4,2vs.5,2vs.6,3vs. 4.

Table 3. Statistical analysis of the dynamics of carotid stenosis progression and relative
comparison of the values between the subsequent visits.

. Study group

Stenosis (%) — - - -~ . .
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6

Number of

patients 76 75 74 74 67 60

Minimum 25.00 25.00 30.00 30.00 30,00 30.00

Maximum 100.00 100.00 100.00 100.00 100.00 100.00

Median 60.00 60.00 65.00 61.50 60.00 60.00

Average 62.63 62.77 65.11 66.14 65.51 65.05

Standard

deviation (SD) 19.81 19.88 18.85 19.00 19.62 19.54

Asymmetry index 0.45 0.36 0.32 0.27 0.36 0.40

Statistical
evaluation

Friedman’s ANOVA Test F=21.07 p<0.001 (21.06973 p=0.00079)
Wilcoxon Z-Test 2 Z = 1.02 p>0.05; Wilcoxon Z-Test 3
Z = 3.22 p<0.01

Wilcoxon Z-Test * Z = 3.96 p<0.001; Wilcoxon Z-Test 1°
Z = 2.22 p<0.05

Wilcoxon Z-Test * Z = 1.76 p>0.05; Wilcoxon Z-Test %3
Z =3.93 p<0.001

Wilcoxon Z-Test >* Z = 4.47 p<0.001; Wilcoxon Z-Test %°
Z = 2.37 p<0.05

Wilcoxon Z-Test 2 Z = 2.19 p<0.05; Wilcoxon Z-Test 3*
Z=1.98 p<0.05

Wilcoxon Z-Test 3° Z = 0.76 p>0.05; Wilcoxon Z-Test ¢
Z =0.50 p>0.05

Wilcoxon Z-Test %* Z = 0.01 p>0.05; Wilcoxon Z-Test *°
Z=0.08 p>0.05

Wilcoxon Z-Test >¢ Z = 0.38 p>0.05

The dynamics of carotid stenosis progression observed over six visits held in the period of 20
months is presented in Figure 1.
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Figure 1. Dynamics of carotid stenosis monitored over 20 months.

Evaluation of stenosis progression vs. no progression in the study and control groups over the
first eight months (based on comparison between Visits 3-1 in the stenotic patients and Visits 2-1
in the controls) revealed a significant difference between previously measured values of these two
groups (p=0.0001) (Figure 2). The same result was noted in the following eight months of the
observation period (Visits 5-3 for the study group and Visits 3-2 for the control subjects)
(p=0.00008) (Figure 3).

V3-V1 study group vs V2-V1 control group
8 month comparison chart

“ no increase w stenosis increase
12200

100,00
1000

0

proportion [%)]

200

study group V3-V1 control group V2-V1

Figure 2. Proportion of the patients who showed progression of carotid stenosis over
the first eight months of the study. The difference in progression of carotid stenosis in
the study group vs. the control group was statistically significant (p=0.0001).
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Figure 3. Proportion of the patients who showed progression of carotid stenosis over
the next eight months of the study. The difference in progression of carotid stenosis in
the study group vs. control group was statistically significant (p=0.00008).

We noticed bidirectional changes in the condition of carotid stenosis in the study subjects,
however, over the first visits they were consistently progressive. In the first year of observation
(Visits 1-4) we recorded an increasing stenosis, whereas in the second year (Visits 4-6) stenosis
slightly decreased. Statistically significant changes were observed between Visit 1 and Visit 5. At
that time, all the patients received 40 mg of simvastatin or 80 mg of atorvastatin a day. Statistical
significance of arterial lumen changes ranged between p< 0.000001 and p<0.001. It applied both
to the long-term observation assessment and visit-to-visit comparison.

Over the entire period of the study, neither atherosclerotic plaques nor carotid stenosis were
observed in the control subjects. However, one of them (a 61-year-old female with hypertensive
disease, smoker) suffered paresthesia persisting for several days. In another patient (a 70-year-old
female with hypertensive disease, atrial fibrillation (AF) and hypercholesterolemia), both transient
global amnesia (TGA) and acute myocardial infarction were diagnosed.

ANALYSIS OF PLAQUE MORPHOLOGY CHANGES

Prospective analysis of plaque structure showed significant changes in its morphology, occurring
over the whole study period. Plagues which were classified as unstable (hypoechogenic) at the
beginning of our study tended to transform into stable (hyperechogenic) in later stages (except the
last four months). It must be stressed, however, that all the patients in the study group were
treated with high doses of statins.

Changes in the relative proportions of stable and unstable atherosclerotic plaques in the two
consecutive four-month observation periods are presented in Figure 4.
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Figure 4. Dynamics of changes in the morphology of carotid atherosclerotic plaques over
the 20-month Doppler ultrasound observation.

Statistical significance of different periods of observation varied from p<0.001 to p<0.01. The
exact statistical values of changes in proportions of stable vs. unstable plaques are presented in

Table 4 below.

Table 4. Analysis of changes in the nature of atherosclerotic plaques (stable vs. unstable)
between particular visits over the 20-month observation.

Period of study observation

Statistical evaluation

Visit 2 vs.

Visit 3 vs.

Visit 4 vs.

Visit 5 vs.

Visit 6 vs.

Visit 3 vs.

Visit 4 vs.

Visit 5 vs.

Visit 6 vs.

Visit 4 vs.

Visit 5 vs.

Visit 6 vs.

Visit 1

Visit 1

Visit 1

Visit 1

Visit 1

Visit 2

Visit 2

Visit 2

Visit 2

Visit 3

Visit 3

Visit 3

p<0.001
p<0.001
p<0.001
p<0.001
p<0.01
p<0.001
p<0.001
p<0.001
p<0.01
p<0.001
p<0.001

p<0.01

75



EVALUATION OF IMT CHANGES OCCURRING OVER THE STUDY PERIOD

Analysis of changes in intima-media thickness did not show any statistical significance over the
whole study period. The dynamics are presented in columns in Figure 5. Despite a lack of
significant differences in the thickness of IMC over the 20 months, in the periods between Visit 1
and 2 (the first four months of the study) and between Visit 3 and 4 (time from the 8" to 12t
month) a positive correlation (trend in the direction of changes) can be noticed, with stenosis
progression (Figure 6).

Intima-media thickness chart evolution
[ Study group [N=48] [ Control group [N=10]
1,2
11-091——092  po1 093 093 093
,79
0.8
# 0.6
0,4
0,2
o ST
Visit 1 Visit 2 Visit 3 Visit 4 Visit § Visit 6

Figure 5. Dynamics of IMT of the carotid arteries over the 20-month Doppler ultrasound
observation.
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Figure 6. Co-visualization of the trend in the direction of IMT changes with regard to
carotid stenosis changes over the 20-month period.
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LABORATORY FINDINGS

Among all the laboratory tests (blood morphology, hematology, serum lipids, fasting blood glucose
level, glucose loading test, HbAlc, sedimentation rate, and C-reactive protein) only changes in
total cholesterol level over the 20-month observation period showed statistical significance (Table
5a, 5b). Statistically significant differences in the progression of carotid stenosis in the study group
were observed between the following visits: 1vs. 2,1vs.3,1vs.4,1vs.5,1vs.6,2vs.4,and 4 vs.
5. There were no differences in cholesterol levels in the control group.

Table 5a. Dynamics of serum total cholesterol concentration in the study group.

Study Group
Total cholesterol Study Study Study Study Study Study
(mg/dL) point point point point point point

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6
N (patients) 48 48 48 47 46 41
Minimum 122.00 128.00 119.00 125.00 118.00 126.00
Maximum 292.00 274.00 256.00 293.00 318.00 278.00
Median 193.50 182.00 180.00 173.00 182.00 182.00
Average 198.96 182.44 177.48 176.26 187.20 178.02
Standard
deviation (SD) 39.51 33.73 29.78 31.71 45.71 31.62
Asymmetry index 0.31 0.34 0.01 0.87 1.35 0.43

Friedman’s ANOVA test F=14.38 p<0.05

Wilcoxon Z-Test 2 Z = 2.76 p<0.01; Wilcoxon Z-Test 13

Z = 3.34 p<0.001

Wilcoxon Z-Test 1* Z = 3.71 p<0.001; Wilcoxon Z-Test 1°

Z = 2.24 p<0.01

Wilcoxon Z-Test ® Z = 2.46 p<0.05; Wilcoxon Z-Test %3

Z=1.05 p>0.05
Statistical Wilcoxon Z-Test 2* Z = 2.04 p<0.05; Wilcoxon Z-Test %°
evaluation Z=0.23 p>0.05

Wilcoxon Z-Test 26 Z = 0.58 p>0.05; Wilcoxon Z-Test 3*

Z=1.44 p>0.05

Wilcoxon Z-Test 3> Z = 1.02 p>0.05; Wilcoxon Z-Test ¢

Z = 0.40 p>0.05

Wilcoxon Z-Test %° Z = 2.36 p<0.05; Wilcoxon Z-Test *°

Z =1.46 p>0.05

Wilcoxon Z-Test >¢ Z = 0.12 p>0.05
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Table 5b. Dynamics of serum total cholesterol concentration in the control group.

Control Group*

Total cholesterol Study Study Study Study Study Study
(mg/dL) point point point point point point
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6
N (patients) 9 5 4 4 0 0
Minimum 143.00 147.00 140.00 143.00 0.00 0.00
Maximum 286.00 244.00 248.00 191.00 0.00 0.00
Median 170.00 173.00 162.00 178.50 0.00 0.00
Average 186.22 180.80 178.00 172.75 0.00 0.00
Standard
deviation (SD) 45.22 37.09 48.06 21.82 0.00 0.00
Asymmetry index 1.58 1.70 1.66 -1.11 0.00 0.00

Statistical
evaluation
*In the control group, only the data from Visits 1-4 were analyzed.

Friedman’s ANOVA test F=1.11 p>0.05

The dynamics of changes in blood total cholesterol level over the 20-month study period are
presented in Figure 7, while co-visualization of cholesterol levels and the dynamics of carotid
stenosis are demonstrated in Figure 8. They showed the reverse direction of the trend of changes
in these two parameters, though not statistically significant.

@Study group # Control group

g

o
=

g
=

total choresterol (mg/dL)

Visit 1 Visit 2 Visit 3

Visit 4 Visit 5 Visit 6

Figure 7. Dynamics of total cholesterol levels (on statins) over the 20-month period of
observation.
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Figure 8. Dynamics of total cholesterol levels (on statins) over the 20-month period of
observation co-visualized with changes of carotid stenosis showing the reverse direction
of the trend of changes in both parameters.

We presented the same trend of dynamics by plotting the data obtained from analysis of
changes in the proportion of stable vs. unstable atherosclerotic plaques in carotid arteries against
concentrations of cholesterol (Figure 9). Whereas co-visualization of changes in cholesterol vs. IMT
changes revealed the reverse direction in the trend of dynamics (Figure 10).
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Figure 9. Dynamics of total cholesterol levels (on statins) over the 20-month period of

observation co-visualized with changes of carotid stenosis at the same time showing the
same direction of changes of both parameters.
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Figure 10. Dynamics of total cholesterol levels (on statins) over the 20-month period of
observation co-visualized with changes in IMT alterations at the same time showing the
reverse direction of changes in both parameters.

The results of morphology, hematology, fasting blood glucose level, glucose loading test,
HbAlc, sedimentation rate and C-reactive protein did not vary between the visits within the study
and control groups or between the groups.

OBSERVATIONS ON INDIVIDUAL SUBJECTS

Four participants of our study underwent endarterectomy. Those were three subjects with
significant progression (over 70%) up to critical stenosis and unstable plaque structure, and one
person who showed signs of critical stenosis and unstable plaque structure at the beginning of our
study. No plaque progression or stroke/TIA were observed in these individuals at further stages.

Two patients developed stroke symptoms (one person with hemiparesis and aphasia, another
with isolated aphasia). Both patients had unstable atherosclerotic plaques causing 50% stenosis of
the carotid arteries (ICA), with no significant progression afterwards. Both patients received
antiplatelet therapy (ASA).

One patient developed asymptomatic internal carotid artery occlusion (beginning from 70%
stenosis).

Two patients showed "spontaneous" recanalization of a formerly occluded internal carotid
artery to the degree of 90% and 95% stenosis.
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Discussion

Our study showed a significant progression of stenosis observed in atherosclerotic arteries at the
initial stage. In further periods of the observation, there occurred stabilization and in some cases
even a slight regression of stenosis, though not statically significant. From the methodological
point of view, the best theoretical model for such as study, aimed to assess the natural course of
progression of atherosclerosis and carotid stenosis, would involve comparison of two groups, i.e.
stenotic patients receiving and not receiving treatment. This approach, however, would be
unacceptable due to risk of serious vascular incidents with potential resultant disability or death.
All our patients received the best medical treatment, namely antiplatelets combined with
aggressive doses of statins, i.e. 40 mg of simvastatin or 80 mg of atorvastatin.

Most of the studies that analyze statins and their effect on stenosis focus on coronary
arteries. One of meta-analyses proves that plague volume is reduced by long-term therapy with
high doses of statins (Tian et al., 2012). Such treatment results in obtaining an LDL level of 100
mg/dl or lower. Another meta-analysis based on 11 selected publications proves that treatment of
coronary, carotid and aortic atherosclerosis may cause plaque regression (Okada et al., 2012). The
mean observation period was 19.7 months, which is similar to our study. High doses of statins
were sufficient to inhibit or even slightly reverse the stenotic process. Some investigators share
the opinion that such an effect is strongly correlated with the dose of statins. However, a report
on MRI examination of plaque diameters in blood vessel wall showed a similar effect, regardless of
whether 80 mg or 20 mg of atorvastatin had been applied (Corti et al., 2005). In our stenotic
patients, we observed a continuous process of stenosis progression despite statins used, at least
up to the 16™ month, followed by a slight regression of atherosclerotic narrowing of the lumen of
carotid arteries. This means that the effect of statins in not immediate but rather remote, and over
the course of a relatively long-term treatment with high doses of the drugs, atherosclerosis may
dominate over the therapeutic effect of such medicines.

So what should be done when stenosis progresses despite the pharmacological preventive
treatment? Situation of symptomatic patients is more clear, as 70-99% stenosis requires carotid
endarterectomy (CEA) or carotid angioplasty with stent (CAS) as a secondary prevention approach.
This procedure may not be applied in the case of occlusion of a carotid artery. CEA is still a method
of choice, and CAS is the second option, however, it has become more and more effective and safe
over the last years. As for the time of such a procedure, following TIA occurrence, the sooner the
better, whereas in the case of stroke, it should be performed within four to eight weeks.

Four of our study patients showed a rapid progression of stenosis. All of them underwent the
CEA procedure. Neither stroke nor TIA were recorded at later stages of the observation period.
There was no progression of carotid stenosis afterwards either.

Nevertheless, two of our patients, with 50% stenosis only and no absolute indication for CEA,
suffered from stroke with aphasia or aphasia along with hemiparesis (which was probably
non-cardiogenic) in the course of the observation period. Most likely the reason was
destabilization of atherosclerotic plaque as a form of microangiopathy or macroangiopathy. A less
possible though still probable cause was a rapid increase in stenosis progression.

Of special interest are findings obtained in one of our patients who developed asymptomatic
occlusion over the time of observation, whereas in two other patients with initial unilateral
occlusion of the carotid artery, spontaneous recanalization occurred. The latter proves that the
intrinsic thrombotic and fibrinolytic mechanism may be sufficient for spontaneous recanalization.

The degree of CCA stenosis may be used not only as a predictive marker for the development
of CVD, both in general terms and specifically for stroke, but also for studying and predicting
vascular cognitive impairment and dementia (Weng Z).

The IMT parameter is often linked to progression of atherosclerosis as it reflects an increasing
thickness of the arterial wall (Mackinnon et al., 2023). In fact, it is not the same as thickening of
the wall resulting from accumulation of lipid deposits and formation of atherosclerotic plaques.
Still, factors which cause an increase in IMT are similar to those regarded as cerebrovascular risk
factors, of which hypertensive disease is the most important one. In our study, the changes in the
IMT parameter were not statistically significant. Considering the observed progression of stenosis
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of the examined arteries in our patients, such an inconsistency may seem unclear. In our opinion,
as mentioned above, narrowing of the arterial lumen and thickening of the arterial wall in patients
at risk of ischemic stroke are rather caused by the development of atherosclerotic plaques, which
tend to destabilize the wall and brake, as well as formation of clots attached to ulcerated regions
of the carotid or brain arteries. Thus, non-cardiogenic stroke is rather an effect of complex
phenomena which occur within the arterial wall and the lumen, on the internal layer of the artery.
Therefore, IMT itself may not be as crucial as the remaining abnormalities of the wall morphology.
Moreover, it is supposed that the pace of thickening of the intima-media complex is relatively slow
as compared to formation of atherosclerotic plaques, and even much slower than formation of an
intraarterial clot. Thus, it was quite unlikely that the changes in IMT noted in our study could show
significant differences over the 20-month observation period.

The aforementioned transformation of the arterial wall morphology in the context of
atherosclerotic plaques seems to be a much more important parameter, or even a predictor of
incoming stroke. Such transformation accounts particularly for destabilization of atherosclerotic
plaque, i.e. an increase in the content of lipids, presence of intra-plaque hemorrhages,
accumulation of thrombocytes, erythrocytes and leucocytes, which altogether form intraarterial
clots. They may detach, either in part, entirely or even along with fragments of atherosclerotic
plaques, becoming a potential embolic material in the brain arteries.

In our study, we presented statistically significant differences in the changes of morphology of
atherosclerotic plagues. Throughout all the stages of our study, we demonstrated a long-lasting
and beneficial change in the morphology of plaques, constantly transforming their morphology
from unstable (hypoechogenic) to stable (hyperechogenic) structures. We link such a phenomenon
to the stabilizing effect of statins used in high doses, which is in agreement with numerous
publications reporting the same findings and properties of this class of drugs.

As for the effect of lowering total cholesterol produced by statins, we found that it remained
constant over the first 16 months (four visits), and was followed by a slight increase in serum
cholesterol level.

Additionally, when we attempted to plot cholesterol level findings against the other
parameters studied, we drew the following conclusions:

e decrease in serum cholesterol level leads to an increasing trend of carotid stenosis
progression; it may be interpreted rather as an epiphenomenon related to the “standard
of care” treatment applied to all our symptomatic and asymptomatic patients with carotid
stenosis;

e decrease in serum cholesterol level is parallel to the trend of changes in the carotid
plaques, i.e. transformation from unstable to stable forms, which is interpreted as
a desirable therapeutic effect of statins providing stabilization of atherosclerotic plaques.

e decrease in serum cholesterol level leads to an increasing trend of IMT progression,
although the latter being insignificant; this finding suggests that cholesterol probably does
not have a major impact on thickening of the complex intima-media, unlike in the case of
an influence on a correlation between cholesterol level and the trend in stabilization of
atherosclerotic plaques.

Conclusions

To sum up, ultrasound examination performed every four months in both symptomatic and
asymptomatic patients with at least 50 % carotid artery stenosis seems to be a reasonable pattern
of monitoring the dynamics of atherosclerotic processes which lead to narrowing of the arterial
lumen, deleterious transformation of the morphology of intima-media complex and morphology of
carotid atherosclerotic plaques. However, 48 patients and 78 arteries examined in our study do
not provide a sufficient amount of data that could support generalization of this thesis. A larger
sample size including patients divided into two very homogenous groups and the multicenter
study approach would definitely increase strength of such a statement. Diagnostic
recommendations would be then also redefined. Various benefits of early diagnosis in high risk
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patients cannot be overemphasized, considering
the very high mortality of stroke, huge costs of hospitalization of patients in acute phase of the
condition and their rehabilitation, as well as permanent disability caused by a significant number
of stroke cases. Additionally, our data confirmed that treating patients with statins may not only
stabilize plaques of carotid arteries by changing them from unstable to stable, but also even
regress stenosis, though not much and in a longer perspective, not immediately. Such effects were
proven also by other investigators. These findings and conclusions, especially those concerning
stabilization and regression of plaques with the use of high doses of statins, are in agreement with
other similar studies and publications (Berro Rivera, 2024; Masana, 202;, Sarraju and Nissen, 2024;
Yu et al., 2020).

Therefore, in our opinion, frequent Doppler USG examinations in patients with both
symptomatic and asymptomatic carotid arterial stenosis have a great preventive value.
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