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Streszczenie

Rokitnik zwyczajny (Elaeagnus rhamnoides (L.) A. Nelson) jest krzewem, ktorego
naturalnym siedliskiem wyst¢gpowania sa obszary nadmorskie. Rokitnik zwyczajny nalezy do
rodziny oliwnikowatych (Elaegnaceae). Jego cechg charakterystyczng jest obecno$¢ cierni.
Posiada on lancetowate liscie oraz intensywnie pomaranczowe owoce-jagody. Rokitnik
zwyczajny jest ro§ling dwupienng.

Liczne badania nad sktadem chemicznym réznych organéw rokitnika zwyczajnego
pokazuja, ze roslina ta jest bogatym zrédlem witamin, zwigzkow fenolowych, tokoferoli,
karotenoidow, aminokwasow, kwasow ttluszczowych, mikro- oraz makroelementow. Szeroki
zakres doswiadczen prowadzonych na preparatach z ré6znych organéw rokitnika zwyczajnego
udowodnit dziatanie przeciwnowotworowe, przeciwwrzodowe oraz hepatoochronne tej rosliny.
Ponadto, rokitnik posiada wtasciwosci przeciwbakteryjne i przeciwwirusowe.

Nadrzednym celem niniejszej rozprawy doktorskiej byta ocena wptywu preparatow
(ekstraktow, frakceji fenolowych oraz bogatych w zwigzki niepolarne) z rokitnika zwyczajnego
na stres oksydacyjny oraz hemostaze w uktadzie in vitro. Material badany stanowity ekstrakty
oraz frakcje z réznych organow rokitnika zwyczajnego (owoce, liscie, galazki). Materiatem
biologicznym byto osocze ubogo- oraz bogatoptytkowe, ptytki krwi oraz krew petna ludzka.
Badania aktywnos$ci biologicznej preparatow z rokitnika zwyczajnego przeprowadzane byty
z zastosowaniem roznych metod, w tym metod kolorymetrycznych, metody turbidymetrycznej,
koagulometrycznej oraz cytometrii przeptywowej. Analizie poddano parametry oceny stresu
oksydacyjnego (oznaczenie stg¢zenia produktow peroksydacji lipidow z kwasem
tiobarbiturowym (TBA), oznaczenie st¢zenia grup karbonylowych oraz tiolowych w biatkach
oraz metoda opierajaca si¢ na redukcji cytochromu c) i hemostazy (pomiar czaséw krzepnigcia,
pomiar adhezji oraz agregacji ptytek krwi, pomiar peroksydacji lipidow w ptytkach krwi,
pomiar ekspresji selektyny P i receptora GPIIb/IIla na powierzchni ptytek krwi oraz pomiar
fosforylacji VASP).

Wykonane badania pokazujg istotny wptyw ekstraktow oraz frakcji wyizolowanych
z r6znych organdéw rokitnika zwyczajnego na badane parametry. Przypuszcza sig, ze
wyjatkowy sklad chemiczny stanowi o istotnej roli rokitnika zwyczajnego na hamowanie stresu
oksydacyjnego w osoczu oraz ptytkach krwi np. badane preparaty istotnie hamowaty
peroksydacje lipidow osocza traktowanego induktorami stresu  oksydacyjnego.

Zaobserwowano rowniez, ze zwigzki obecne w badanej roslinie wptywaja na hemostaze



0s0czowg — obserwowano istotny wplyw testowanych ekstraktow na wydluzenie czasu
kaolinowo-kefalinowego. Przypuszcza sig, ze aktywnos$¢ antykoagulacyjna badanych
preparatow zalezna jest od ich sktadu chemicznego. Ponadto, obserwuje si¢ rowniez wptyw
licznych zwigzkow bioaktywnych obecnych w roznych organach tej rosliny, na hamowanie
aktywacji plytek krwi. Zaobserwowano zmniejszong adhezj¢ oraz agregacje plytek krwi
traktowanych badanymi preparatami. Badania wykonane z wykorzystaniem cytometrii
przeptywowej wskazaty istotne zahamowanie aktywacji ptytek krwi inkubowanych z badanymi
preparatami. Najwigksze dziatanie biologiczne wykazuje frakcja fenolowa wyizolowana
z galazek rokitnika zwyczajnego. Frakcja ta jest bogata w proantocyjanidyny oraz katechiny.
Podsumowujac, rézne organy rokitnika zwyczajnego sg zrodtem licznych zwigzkow
biologicznie czynnych. Zwigzki te moga w przysztosci zosta¢ wykorzystane jako suplementy

czy nowe leki w terapii chorob uktadu sercowo-naczyniowego.



Summary

Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson) is a shrub whose natural habitat
is coastal areas. The sea buckthorn belongs to the olive family (Elaegnaceae). Its characteristic
feature is the presence of thorns. It has lanceolate leaves and intense orange berries. The sea

buckthorn is a dioecious plant.

Numerous studies on the chemical composition of various organs of the sea buckthorn
show that this plant is a rich source of vitamins, phenolic compounds, tocopherols, carotenoids,
amino acids, fatty acids, micro- and macroelements. A wide range of experiments carried out
on preparations from various organs of the sea buckthorn have proved the anti-cancer, anti-
ulcer and hepatoprotective properties of this plant. In addition, sea buckthorn has antibacterial

and antiviral properties.

The main goal of this doctoral dissertation was to evaluate the effect of sea buckthorn
preparations (extracts, phenolic fraction and rich in non-polar compounds) on oxidative stress
and hemostasis in the in vitro system. The tested material consisted of extracts and fractions
from various organs of the sea buckthorn (fruit, leaves, twigs). The biological material was
platelet-poor and platelet-rich plasma, blood platelets and human whole blood. The biological
activity of sea buckthorn preparations was tested using various methods, including colorimetric,
turbidimetric, coagulometric and flow cytometry. The parameters of oxidative stress
assessment (determination of the concentration of lipid peroxidation products with
thiobarbituric acid (TBA), determination of the concentration of carbonyl and thiol groups
in proteins and the method based on the reduction of cytochrome c) and hemostasis
(measurement of coagulation times, measurement of adhesion and aggregation of platelets,
measurement of lipid peroxidation in platelets, measurement of P-selectin and GPlIb/llla

receptor expression on the platelet surface and measurement of VASP phosphorylation).

The performed tests show a significant influence of extracts and isolated fractions from
various organs of the sea buckthorn on the tested parameters. It is assumed that the unique
chemical composition constitutes a significant role of sea buckthorn in inhibiting oxidative
stress in plasma and platelets, e.g. the tested preparations significantly inhibited the
peroxidation of plasma lipids treated with inducers of oxidative stress. It was also observed that
the compounds present in the tested plant affect plasma hemostasis - a significant effect of the

tested extracts on the extension of activated partial thromboplastin time was observed. It is



presumed that the anticoagulant activity of the tested preparations depends on their chemical
composition. Moreover, the effect of numerous bioactive compounds present in various organs
of this plant on inhibiting the activation of platelets is also observed. Reduced adhesion and
aggregation of platelets treated with the test preparations was observed. The tests performed
with the use of flow cytometry showed a significant inhibition of the activation of platelets
incubated with the tested preparations. The isolated phenol fraction from sea buckthorn twigs
shows the greatest biological effect. This fraction is rich in proanthocyanidins and catechins.

In summary, the various organs of the sea buckthorn are the source of numerous
biologically active compounds. These compounds may be used as suplements or new drugs in
the futurein the treatment of diseases of the cardiovascular system.
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Wstep

Rokitnik zwyczajny (Elaeagnus rhamnoides (L.) A. Nelson) jest krzewem, ale moze tez
osigga¢ rozmiary niewielkiego drzewa. Nalezy do rodziny oliwnikowatych (Elaeagnaceae).
Nazywany jest rowniez rosyjskim ananasem. Naturalnie roslina ta wystepuje w Rosji, Chinach,
Kaukazie oraz na Syberii, gtownie wzdtuz wybrzezy morskich, natomiast w Polsce wystepuje
na wybrzezu Morza Baltyckiego, a jego niewielkie areaty uprawne powstaty na Suwalszczyznie

[Li i Schroeder, 2016; Malinowska i Olas, 2016; Olas i wsp., 2018].

Liczne badania in vitro oraz in vivo nad aktywnoscig biologiczng preparatow
otrzymanych z réznych organdéw rokitnika zwyczajnego wskazuja, ze roslina ta moze byc¢
zrodtem  zwigzkow  chemicznych o aktywnosci  przeciwnowotworowej, dziataniu
przeciwwrzodowym i  hepatoochronnym oraz  wlasciwosciach  antybakteryjnych
I antywirusowych [Zeb, 2004; Malinowska i Olas, 2016; Olas i wsp., 2018]. Aktywnos$¢ biologiczna tych
preparatdw moze wynika¢é z obecno$ci witamin, zwigzkéw fenolowych, tokoferoli,
karotenoidow, aminokwasow, nienasyconych kwasow tluszczowych, mikro- oraz
makroelementow [Upadhyay i wsp., 2010; Syruakumar i Gupta, 2011; Christaki, 2012;]. Nie ma natomiast
doktadnych danych na temat roli preparatow na bazie rokitnika w profilaktyce czy leczeniu

choréb uktadu krazenia, ktore mogg wynikac z zaburzen hemostazy czy stresu oksydacyjnego.

Choroby uktadu krazenia, w wyniku postepujacego wzrostu zachorowalnos$ci, zostaly
zaliczone do chorob cywilizacyjnych. W Polsce szacuje sig¢, ze okoto potowe wszystkich
zgondéw stanowia choroby uktadu sercowo-naczyniowego. Do najczesciej wystepujacych
chorob ukladu krazenia mozna zaliczy¢: zawat serca, udar moézgu, nadci$nienie tgtnicze,

miazdzyce czy niewydolnos¢ serca (NS) [Majewicz i Marcinkowski, 2008].

Czynnikami, ktore istotnie wplywaja na powstawanie chordb uktadu krwiono$nego sa np.
palenie wyroboéw tytoniowych, ktore skutkuje zjawiskiem stresu oksydacyjnego. Liczne
badania wskazuja, ze reaktywne formy tlenu (RFT) moga modyfikowaé poszczegdlne
komponenty uktadu hemostazy (ptytki krwi, komorki §rodbtonka naczyn krwionosnych, biatka
osoczowe uktadu krzepnigcia i fibrynolizy) [Nowak i wsp., 2010; Eitan i Mutaz, 2018]. Dodatkowym
problemem wystepujgcym W chorobach uktadu sercowo-naczyniowego jest nadreaktywnos$¢
ptytek krwi. W przypadku osob chorych na NS dochodzi do wzmozonej aktywnosci ptytek krwi
i uktadu krzepnigcia. W krwi obserwuje si¢ m. in. wzrost st¢zenia fibrynogenu oraz czynnika

von Willebranda. Ponadto, nastepuje wzrost selektyny P na powierzchni aktywowanych
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komorek s$rodbtonka naczyniowego [Gebalska, 2010; Nowak i wsp., 2010]. Do aktualnie
stosowanych lekoéw przeciwptytkowych, ktore stosuje si¢ w terapii oraz zapobieganiu
chorobom uktadu sercowo-naczyniowego mozna zaliczy¢ m. in. kwas acetylosalicylowy, ktory
hamuje aktywnos$¢ cyklooksygenazy. Enzym ten odpowiedzialny jest za tworzenie w ptytkach
krwi tromboksanu i prostaglandyny, ktore sg aktywatorami agregacji ptytek krwi [Karazniewicz-
Fada i wsp., 2013; Zuniga-Ceron i wsp., 2015]. Niestety kwas acetylosalicylowy, jak i inne leki z grupy
przeciwkrzepliwych niosa ze soba rézne skutki uboczne np. generujac zwigkszone ryzyko
krwawien. Naukowcy ciagle poszukuja nowych preparatow przeciwptytkowych, ktore nie
powoduja skutkéw ubocznych. Duze nadzieje moga budzi¢ preparaty na bazie substancji
pozyskiwanych z roslin [Karazniewicz-Lada i wsp., 2013; Igbal, 2015; Broncel, 2019]. Przyktadem
zwigzkow, ktore istotnie wptywaja na uktad krazenia i stres oksydacyjny sg zwigzki fenolowe
wystepujace w duzych ilosciach np. w owocach aronii czy winogronach [Toli¢ i wsp., 2015].
Badania wskazuja, ze zwigzki te rowniez hamujg aktywnos$¢ cyklooksygenazy. Ponadto,
blokuja one powierzchniowe receptory dla bialek adhezyjnych (kolagen, fibrynogen). Zwiazki
fenolowe wykazuja rowniez wlasciwosci przeciwutleniajgce m. in.: posiadaja wiasnosci
redukujace, wigzag wolne rodniki, petnig role inhibitorow oksydaz oraz terminatorow, ktore
przerywaja tancuchowe reakcje rodnikowe. Dodatkowym atutem stosowania suplementacji
zwigzkami fenolowymi jest brak skutkow ubocznych [Parus, 2013; Balsam i Grabowski, 2014; Luo

i wsp., 2017].

Celem niniejszej pracy doktorskiej byto okreslenie wptywu preparatow (ekstraktow oraz
frakcji) wyizolowanych z r6znych organow rokitnika zwyczajnego (Elaeagnus rhamnoides (L.)
A. Nelson) na wybrane parametry oceny stresu oksydacyjnego oraz hemostazy w modelu

in vitro.

Analiza sktadu chemicznego testowanych przeze mnie preparatow z organdéw rokitnika
zwyczajnego wykonana zostata w Instytucie Uprawy, Nawozenia i Gleboznawstwa
w Putawach. Wykazano, Ze badane ekstrakty sa bogatym zrodtem zwigzkéw fenolowych [praca
1]. W kolejnej fazie badan okreslano sktad chemiczny frakcji z rokitnika zwyczajnego.
Zaobserwowano np., ze frakcja fenolowa z lisci rokitnika zwyczajnego jest bogatym zrédtem
tanin ulegajacych hydrolizie (przede wszystkim sg to elagotaniny). Analiza frakcji zwigzkoéw
niepolarnych wykazata, Ze jest ona Zroédtem triterpenéw oraz niezidentyfikowanych zwigzkow
niepolarnych. Frakcja fenolowa z gatazek badanej rosliny jest zrodtem proantocyjanidyn oraz

katechin, z kolei frakcja niepolarna jest bogata w triterpeny (Tab. 1) [praca 2].
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Interesujacy sktad chemiczny badanych preparatow stat si¢ podstawag do realizacji
badan dotyczacych ich wplywu na hemostaze i stres oksydacyjny w modelu in vitro. W tabeli
1 przedstawiono preparaty z r6znych organow rokitnika zwyczajnego, ktore bylty przedmiotem

moich badan.

Tab. 1 Preparaty z réznych organdéw rokitnika zwyczajnego, ktore zostaty poddane analizie w niniejszej

pracy doktorskiej

OWOCE

frakcja fenolowa

frakcja zawierajaca zwigzki niepolarne

izoramnetyna 3-O-beta-glukozyd-7-O-alfa-ramnozyd

izoramnetyna 3-O-beta-glukozyd-7-0O-alfa-(3”’- izowalerylo)-ramnozyd

LISCIE
ekstrakt
frakcja fenolowa
frakcja zawierajaca zwigzki niepolarne
GALAZKI

ekstrakt

frakcja fenolowa

frakcja zawierajaca zwigzki niepolarne

Badanie stresu oksydacyjnego w osoczu i w plytkach krwi w obecnosci preparatow

Z roznych organow rokitnika zwyczajnego

Oceng wplywu preparatéw z roéznych organow rokitnika zwyczajnego na poziom stresu
oksydacyjnego prowadzono z wykorzystaniem nastepujacych metod kolorymetrycznych:
oznaczenie stezenie produktéw peroksydacji lipidow z kwasem tiobarbiturowym (TBA),
oznaczenie stezenia grup karbonylowych oraz tiolowych w biatkach. Jako induktory stresu
oksydacyjnego wykorzystano nadtlenek wodoru (H20.) oraz mieszaning reakcyjng H2Oo/Fe.
W pierwszym etapie pracy badaniom poddano ekstrakty z lisci oraz galazek rokitnika
zwyczajnego w pieciu stezeniach (0,5-50 pg/ml). Dodatkowo, w celu poréwnania dziatania
preparatow z rokitnika zwyczajnego prowadzono analize¢ wptywu komercyjnego ekstraktu
z owocow aronii — Aronox® (Aronia melancorapa) oraz ekstraktu z pestek winogron (Binorica,

Niemcy) na poziom stresu oksydacyjnego w 0soczu.
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Na podstawie przeprowadzonych analiz zaobserwowano, ze badane ekstrakty z lisci
i galazek rokitnika zwyczajnego hamuja peroksydacje lipidéw osocza traktowanego H20>
w przypadku 15 minutowej inkubacji. Ekstrakt z gatazek w dawkach 5, 101 50 pg/ml w czasie
15 1 60 minutowej inkubacji obnizyl takze poziom peroksydacji lipidow osocza indukowane;j
H202/Fe, w tym przypadku aktywno$¢ ekstraktu byla zalezna od st¢zenia. Ekstrakt z lisci
réwniez wykazat wlasciwo$ci przeciwutleniajagce W tych samych stezeniach, ale tylko przy
zastosowaniu 60 minutowej inkubacji. Ponadto, w tym modelu badawczym zaobserwowano,
ze ekstrakt z gatazek (50 pg/ml, 60 minut) posiada silniejsze dziatania antyoksydacyjne niz

ekstrakt z lisci (50 pg/ml, 60 minut) [praca 1].

Ekstrakty natomiast nie miaty wptywu na proces karbonylacji biatlek w czasie krotkiej
inkubacji (15 minut). Nie mniej jednak karbonylacja biatek indukowana H»O/Fe zostata
istotnie zahamowana w obecnosci ekstraktow z lisci 1 gatazek przy dtuzszym czasie inkubacji
(60 minut). Réwniez i w tym modelu badawczym zaobserwowano, ze ekstrakt z gatazek (50
pg/ml, 60 minut) posiada silniejsze dziatanie hamujace na karbonylacj¢ biatek osocza

ludzkiego niz ekstrakt z lisci (50 pg/ml, 60 minut) [praca 1].

W niniejszych do$wiadczeniach dodatek mieszaniny reakcyjnej H.O2/Fe do osocza
ludzkiego spowodowal znaczy wzrost markeréw stresu oksydacyjnego. Wyniki moich
eksperymentow wskazuja, ze badane ekstrakty z lisci oraz galazek rokitnika zwyczajnego
istotnie zmniejszaly poziom stresu oksydacyjnego. Zaobserwowano rowniez silniejsza
aktywno$¢ antyoksydacyjng ekstraktu z galagzek w porownaniu z ekstraktem z lisci.
Przypuszcza sig, ze réznice w chemicznym profilu badanych ekstraktow wptywaty na
intensywno$¢ ich dziatania. Na przyktad, ekstrakt z galagzek posiada wysokie stezenie
proantocyjanidyn. Prawdopodobnie wtasnie te zwiazki odpowiadaja za tak silng aktywnos$¢

antyoksydacyjna tego ekstraktu [praca 1].

W kolejnej fazie badan analizie poddano frakcje fenolowa oraz zawierajaca zwigzki
niepolarne z lisci oraz galazek rokitnika zwyczajnego [praca 2]. Badania nad okresleniem
wplywu testowanych frakcji na parametry stresu oksydacyjnego pokazaty, ze tylko frakcja
fenolowa wyizolowana z gatazek istotnie zmniejszata peroksydacje lipidow w osoczu
stymulowang H202/Fe. Co wigcej, niepolarna frakcja z gatazek (w najwyzszym testowanym
stezeniu — 50 pg/ml) hamowata peroksydacje lipidow osocza. W tym modelu badawczym
frakcja bogata w zwigzki niepolarne wyizolowana z liSci hamowata tez proces peroksydacji

lipidow we wszystkich badanych stezeniach (0,5 — 50 pug/ml) [praca 2].
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Stwierdzono réwniez, ze frakcja fenolowa oraz frakcja niepolarna wyizolowana
z galazek rokitnika zwyczajnego chronig przed karbonylacja biatek osocza ludzkiego
indukowang przed H20./Fe. Dodatkowo zaobserwowano, ze frakcja fenolowa z lisci oraz

galazek chronig przed utlenianiem grup tiolowych biatek osocza [praca 2].

Na podstawie wykonanych do$wiadczen zaobserwowano, ze wysoki potencjat
antyoksydacyjny frakcji fenolowej wyizolowanej z galgzek rokitnika zwyczajnego
skorelowany jest z obecnos$cig proantocyjanidyn oraz katechin. Proantocyjanidyny sg uwazane

za najsilniejszy, naturalny przeciwutleniacz [praca 2].

Dodatkowo zauwazono, ze w obecnosci izoramnetyny zakupionej komercyjnie oraz jej
dwoch pochodnych wyizolowanych z jagod rokitnika zwyczajnego (izoramnetyna 3-O-beta-
glukozyd-7-O-alfa-ramnozyd  oraz  izoramnetyna  3-O-beta-glukozyd-7-O-alfa-(3”’-
izowalerylo)-ramnozyd) peroksydacja lipidow o0socza indukowana H2O./Fe byla istotnie
zmniejszona po 30 minutowej inkubacji. Natomiast frakcja fenolowa z owocOéw nie miata
istotnego wptywu na ten proces. Podobne wyniki uzyskano dla oznaczania poziomu grup
karbonylowych w osoczu ludzkim: w tym uktadzie izoramnetyna, jej obie pochodne oraz
frakcja fenolowa z jagod rokitnika istotnie hamowaty ten proces. W przypadku oznaczenia grup
tiolowych zaobserwowano ochronne wlasciwosci dwoch testowanych pochodnych
izoramnetyny oraz frakcji fenolowej, natomiast izoramnetyna nie wpltywata na ten proces.
W tym przypadku przypuszcza si¢, ze flawonoidy (izoramnetyna oraz jej dwie pochodne)

dzialajg jako zmiatacze wolnych rodnikow [praca 3].

Badanie wlasciwosci antyoksydacyjnych ekstraktow, frakcji oraz czystych zwiazkow

wyizolowanych z réznych organdéw rokitnika zwyczajnego w plytkach krwi

Nastepstwem badan nad aktywnoscig antyoksydacyjng badanych preparatow w osoczu
w niniejszej pracy doktorskiej byta analiza ich dziatania przeciwutleniajacego w ptytkach krwi
[praca 4; praca 5]. Wiadomo, ze RFT, moga dziata¢ jako wtdrne czasteczki sygnalizacyjne. Sg one
generowane w plytkach krwi niestymulowanych oraz stymulowanych trombing [praca 4]. Na
przyktad, powstawanie anionorodnika ponadtlenkowego (O2") skorelowane jest
z enzymatycznym szlakiem metabolizmu kwasu arachidonowego. W celu stwierdzenia, jak
preparaty z rokitnika wplywaja na poziom O™ w ptytkach krwi zastosowano metode opierajaca
si¢ na redukcji cytochromu c. Stwierdzono, ze jedynie ekstrakt z gatgzek rokitnika zwyczajnego
istotnie ogranicza produkcje anionorodnika ponadtlenkowego w ptytkach  krwi

niestymulowanych oraz stymulowanych trombing [praca 4]. Identyczny uktad badan
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zastosowano dla frakcji fenolowej oraz bogatej w niepolarne zwiagzki z lisci oraz gatgzek
rokitnika zwyczajnego. Wszystkie uzyte frakcje (1 1 10 pg/ml) znacznie zmniejszyty ilos¢ O2"™
w plytkach krwi niestymulowanych oraz aktywowanych trombing [praca 5]. Mozna
wnioskowac, ze badany ekstrakt z galazek oraz frakcja fenolowa i frakcja bogata w zwigzki
niepolarne z lisci 1 galazek rokitnika zwyczajnego sg zrodlem zwigzkow, ktoére moga
modulowaé aktywno$¢ plytek krwi poprzez zaktocanie matabolizmu kwasu arachidonowego

[praca 4; praca 5].
Wplyw preparatow z rokitnika zwyczajnego na hemostaze osoczowa

Jednym z etapéw niniejszej rozprawy doktorskiej byla ocena wpltywu rdéznych
preparatow (ekstraktow oraz frakcji) wyizolowanych z liSci oraz gatazek rokitnika
zwyczajnego na hemostaze osoczowa. W tym celu wykonano pomiar czaséw krzepnigcia krwi:
czasu trombinowego (TT), protrombinowego (PT) oraz kaolinowo-kefalinowego (APTT).
Wykonanie powyzszych doswiadczen pozwolito odpowiedzie¢ na pytanie: czy i na jakim etapie
hemostazy 0soczowej nastepuje interakcja testowanych preparatow oraz czy badane preparaty
wplywaja na wydhuzenie lub skrécenie powstawania skrzepu. Ekstrakty z galazek i lisci
rokitnika zwyczajnego (w najwyzszym badanym stezeniu — 50 pg/ml) inkubowane z osoczem
ludzkim przez 30 minut w temperaturze 37°C znaczaco wydtuzaly czas APTT. Parametr ten
jest miarg skutecznos$ci wewngtrzpochodnego mechanizmu aktywacji protrombiny bez udziatu
ptytek krwi. Wykazano rowniez, ze ekstrakt z galazek ma silniejsze dzialanie
przeciwzakrzepowe niz ekstrakt z lisci. Dodatkowo, wyciag z gatagzek miat silniejsze dziatanie
przeciwzakrzepowe niz ekstrakt z jagdd rokitnika zwyczajnego. Badane preparaty nie zmienity

istotnie czasow TT i PT [praca 1].

Ponadto, analiza wptywu frakcji fenolowej i niepolarnej z lisci i gatazek rokitnika
zwyczajnego (w zakresie dawek 0,5-50 pg/ml; czas inkubacji 30 minut) na wlasciwosSci
koagulacyjne osocza wykazaly, ze frakcja fenolowa z lisci znaczaco wydluzyla czas
protrombinowy. Przypuszcza sie, ze antykoagulacyjne whasnosci tej frakcji mogg by¢ zwigzane
z modulacjg aktywnos$ci protrombiny lub czynnikow krzepnigcia V, VII oraz X przez zwigzki
bioaktywne w niej obecne. Co wigcej, niepolarna frakcja z galazek rowniez istotnie wydtuzyta
czas kaolinowo-kefalinowy. Prawdopodobnie aktywno$¢ ta zwigzana jest z obecno$cig
triterpenéw, acylowanych triterpenéw oraz niezidentyfikowanych zwigzkéw polarnych. Zadna

z badanych frakcji nie zmienita czasu TT [praca 2].
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Analiza wplywu izoramnetyny, jej dwoch pochodnych (wyizolowanych z frakcji
fenolowej z owocow rokitnika zwyczajnego) oraz frakcji bogatej w zwiagzki fenolowe
z owocow rokitnika pokazata, ze wylacznie izoramnetyna 3-O-beta-glukozyd-7-O-alfa-(3”’-
izowalerylo)-ramnozyd istotniec wydtuzyta czas trombinowy. Przypuszcza sie, ze aktywno$¢ ta
nie zalezy od modulacji aktywnosci trombiny. Z drugiej strony wyniki uzyskane przez Choi
I wsp., ukazuja, ze flawonoidy moga hamowa¢ enzymatyczng aktywno$¢ trombiny. Trombina
jako proteaza serynowa pelni nie tylko istotne funkcje w procesach krzepniecia, ale jest ona
réwniez aktywatorem plytek krwi [Choi i wsp., 2016]. Nie odnotowano istotnego ptywu badanych
preparatow na inne czasy krzepnigcia [praca 3]. Z drugiej strony po raz pierwszy w swojej pracy
obserwowalem hamujacy wpltyw izoramnetyny oraz izoramnetyny 3-O-beta-glukozyd-7-O-
alfa-(3”’- izowalerylo)-ramnozyd na agregacj¢ ptytek krwi stymulowanych trombing. Co
wiecej, nie odnotowano wplywu badanych zwigzkdéw na agregacje ptytek krwi stymulowanych
ADP oraz kolagenem, Moze to oznaczac, ze izoramnetyna oraz jej pochodna (izoramnetyna 3-
O-beta-glukozyd-7-O-alfa-(3’- izowalerylo)-ramnozyd) moga modulowa¢ aktywacje plytek

krwi poprzez zakldcanie dziatania receptoréw trombiny na ptytkach krwi [praca 3].

Zmiany aktywacji plytek krwi w obecnosci ekstraktow, frakeji oraz czystych zwiazkow

wyizolowanych z réznych organow rokitnika zwyczajnego

Na tym etapie pracy analizie poddano wplyw ekstraktoéw oraz frakcji z rokitnika
zwyczajnego na wybrane markery aktywacji ptytek krwi (stosowano wyizolowane ptytki krwi,

osocze bogatoptytkowe (PRP) oraz krew pelng) [praca 4, 5, 6]:

e pomiar adhezji ptytek krwi do kolagenu i fibrynogenu metoda kolorymetryczna,

e pomiar agregacji ptytek krwi metoda turbidymetryczna,

e pomiar peroksydacji lipidow (nieenzymatycznej i enzymatycznej peroksydacji lipidow
— przemiana kwasu arachidonowego) z kwasem tiobarbiturowym (TBA) w ptytkach
krwi metoda kolorymetryczna,

e pomiar ekspresji selektyny P i receptora GPIIb/Illa na powierzchni ptytek krwi
z wykorzystaniem metody cytometrii przeptywowej we krwi petnej,

e pomiar fosforylacji VASP (vasodilator-stimulated phoshoprotein).

Uzyskane wyniki pokazuja znacznie nizszg adhezje niestymulowanych i stymulowanych
trombing ptytek krwi do kolagenu w obecnosci ekstraktow z lisci oraz gatgzek rokitnika
zwyczajnego  (0,5-50  pg/ml). W  najwyzszym  uzytym  stezeniu  ekstrakt

z galazek rokitnika zwyczajnego powodowat wigksze hamowanie adhezji plytek krwi
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aktywowanych trombing do kolagenu 1 fibrynogenu niz ekstrakt z lisci.
W kolejnej czesci badan zbadano potencjal antyagregacyjny testowanych ekstraktow [praca 4].
Agregacje¢ ptytek krwi wywolywano réznymi agonistami: ADP, kolagenem oraz trombing. Nie
stwierdzono, aby badane ekstrakty wykazywaty jakiekolwiek wtasciwosci antyagregacyjne,
gdy stosowano ADP i kolagen. Jednak ekstrakt z lisci (10 1 50 pg/ml) istotnie hamowat
agregacje ptytek krwi traktowanych trombing, podobnie jak ekstrakt z galazek przy
najwyzszym testowanym stezeniu, moze to wynika¢ z interakcji zwigzkow chemicznych
obecnych w badanych preparatach z biatkami osocza bogatoptytkowego (PRP), co zapobiega

aktywnosci agregacyjnej [praca 4].

Aktywacja ptytek krwi jest zwigzana z metabolizmem kwasu arachidonowego, ktoremu
towarzyszy powstawanie tromboksanu Az. W niniejszych doswiadczeniach wykorzystano
stezenie TBARS jako wskaznik enzymatycznej peroksydacji kwasu arachidonowego
w plytkach krwi. Nie zaobserwowano wptywu ekstraktu z liSci na poziom TBARS w ptytkach
krwi stymulowanych oraz niestymulowanych trombing. Z drugiej strony, wszystkie uzyte
stezenia ekstraktu z gatgzek znaczaco zmniejszaty peroksydacje lipidow zarowno w ptytkach
krwi niestymulowanyh oraz traktowanych trombing. Dziatanie to moze wynika¢ z rdznic
w sktadzie chemicznym testowanych ekstraktow. Przypuszcza si¢ tez, ze zwigzki fenolowe
obecne w ekstrakcie z gatazek rokitnika zwyczajnego wptywaja na zahamowanie aktywacji

szlaku kwasu arachidonowego [praca 4].

Niewiele wiadomo na temat wptywu lisci i gatazek rokitnika zwyczajnego oraz ich
zwigzkoéw sktadowych na aktywacje i procesy biochemiczne plytek krwi, dlatego podobny
uktad badawczy zastosowano dla frakcji fenolowej oraz bogatej w zwigzki niepolarne z lisci
oraz gatazek rokitnika zwyczajnego. Analizie poddano dwa rodzaje frakcji w zakresie stgzen
od 1 do 50 pg/ml. Zbadano ich wptyw na wybrane etapy aktywacji ptytek krwi oraz na wybrane
procesy biochemiczne (nieenzymatyczng oraz enzymatyczng peroksydacje lipidow) [praca 5].
Zaobserwowano, ze testowane frakcje nie wptywaja na poziom TBARS w niestymulowanych
ptytkach krwi. Natomiast obie badane frakcje z lisci oraz galgzek istotnie hamowaty
enzymatyczng peroksydacje lipidow plytek krwi stymulowanych trombing we wszystkich
badanych stg¢zeniach. Moze to sugerowa¢, ze zwigzki Dbioaktywne obecne
w testowanych frakcjach sa w stanie modulowa¢ aktywnos$¢ ptytek krwi poprzez zaktdcanie
metabolizmu kwasu arachidonowego oraz moga wptywac na reaktywnos¢ ptytek krwi poprzez

modyfikacje poziomu RFT i modulacje ekspresji receptorow ptytkowych. [praca 5].
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Ponadto, zaobserwowano istotne zahamowanie adhezji ptytek krwi niestymulowanych do
kolagenu preinkubowanych z badanymi preparatami tj. frakcja fenolowa z gatazek (1 pg/ml)
oraz lisci (1; 10 ug/ml), frakcja bogata w zwigzki niepolarne z gatgzek (1; 10 pg/ml) oraz z liSci
we wszystkich testowanych stezeniach (1-50 pg/ml). W przypadku adhezji ptytek krwi
stymulowanych trombing do kolagenu odnotowano, ze frakcja fenolowa z gatagzek hamowata
ten proces we wszystkich badanych stezeniach (1, 101 50 pg/ml), podczas gdy frakcja fenolowa
z lisci istotnie hamowata adhezje w stezeniach 1 i 50 pg/ml. Ponadto, zaobserwowano, ze
adhezja ptytek krwi stymulowanych trombing i ADP do fibrynogenu byta istotnie zahamowana
po preinkubacji ptytek krwi ze wszystkimi badanymi frakcjami. Stwierdzono takze, ze
agregacje ptytek krwi stymulowang przez ADP istotnie hamowaly obie badane frakcje z lisci
i gatazek rokitnika zwyczajnego. Nie zaobserwowano natomiast istotnego wptywu testowanych
frakcji na agregacje¢ ptytek krwi traktowanych kolagenem czy trombing. Odnotowano rowniez,
ze jedynie frakcja fenolowa z lisci przy najwyzszym stezeniu istotnie hamowata agregacje
ptytek wywolang ADP. Na podstawie otrzymanych wynikéw mozna zasugerowac, ze
testowane frakcje wyizolowane z lisci oraz galazek rokitnika zwyczajnego maja wtasciwosci
antyptytkowe [praca 5]. R6zne badania potwierdzaja, Ze proantocyjanidyny oraz antocyjanidyny
charakteryzujg si¢ pozytywnym wplywem na uktad sercowo-naczyniowy poprzez hamowanie
aktywacji ptytek krwi [Chong i wsp., 2010; Olas, 2017]. Jednakze, mechanizmy przeciwptytkowego

dziatania triterpenoidow i ich pochodnym nie sg do konca poznane i wymagaja dalszych badan.

Do pomiaru aktywacji ptytek krwi i ich reaktywno$ci w obecnosci dwoch fizjologicznych
agonistow (10 i 20 pM ADP 1 10 pg/ml kolagenu) w pelnej krwi traktowanej sze$cioma
réznymi frakcjami z rokitnik zwyczajnego zastosowano trojkolorowg cytometrig¢ przeptywowa.
Analizie poddano ekspresj¢ selektyny P (CD62P) oraz aktywacje kompleksu GPIlIb/Illa
(wigzanie PAC-1). Wyniki wskazuja na zmieniony poziom aktywacji ptytek krwi we
wszystkich probkach traktowanych badanymi frakcjami ro$linnymi w poréwnaniu
z nietraktowanymi kontrolami, dotyczylo to zardwno probek stymulowanych agonista (ADP
lub kolagen), jak i tych niestymulowanych. Testowane frakcje fenolowe i zawierajgce zwigzki
niepolarne z owocow i lisci zmniejszaty wigzanie PAC-1 w ptytkach krwi aktywowanych 10
uM ADP, podczas gdy frakcja zwigzkoéw niepolarnych z gatazek zwickszyta wigzanie PAC-1
w plytkach krwi aktywowanych przez 20 uM ADP. W niniejszym badaniu oceniano rowniez
stopien odpowiedzi ptytek krwi na kolagen (10 pg/ml) w obecnos$ci szesciu uzytych frakcji
roslinnych w dwoch stezeniach (5 1 50 ug/ml) poprzez pomiar ekspresji CD62P i wigzania

PAC-1. Stwierdzono, ze frakcja fenolowa (5 1 50 pg/ml) z owocoéw zmniejszata wigzanie PAC-
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1 w ptytkach krwi aktywowanych kolagenem. Mozna przypuszczac, ze zahamowanie agregacji
ptytek krwi, potwierdzone we wczesniejszych badaniach [praca 4; praca 5] skorelowane jest
z niskg ekspresja receptora GPIIb/I11a [praca 6].

Wiadomo, ze w aktywacji ptytek krwi stymulowanych ADP uczestnicza dwa receptory
purynergiczne P2Y1 i P2Y1. Fosforylacja VASP (vasodilator-stimulated phoshoprotein)
koreluje z hamowaniem receptora P>Y12, podczas gdy stan braku fosforylacji koreluje
z aktywacja tego receptora. Test §ledzacy fosforylacje VASP jest wykorzystywany do badania
interakcji lekow przeciwptytkowych (na przyktad klopidogrelu) z receptorem P2Y12. W tym
etapie badan monitorowatem specyficzny receptor ADP dla ptytek krwi (P2Y12) za pomoca
zestawu do cytometrii przeptywowej (PLT VASP/P2Y12). Test przeprowadzono zgodnie
z instrukcjami producenta, a wyniki przedstawiono w postaci PRI (wskaznik reaktywnos$ci
ptytek). Nie zaobserwowano zadnych réznic miedzy warto$ciami PRI probek traktowanych
testowanymi frakcjami roslinnymi (50 pg/ml) i probek kontrolnych, co moze wskazywac, ze

potencjat przeciwptytkowy badanych frakcji nie jest zalezny od receptora P2Y 12 [praca 6].

Analiza procesu tworzenia skrzepliny w warunkach pél-fizjologicznych, w przeplywie

krwi traktowanej preparatami z rokitnika zwyczajnego

W dalszym etapie prac analizowano proces tworzenia skrzepu krwi traktowanej
frakcjami z rokitnika zwyczajnego w modelu hydrodynamicznego przeptywu krwi w czasie
rzeczywistym. Badanie to stuzy do oceny trombogennosci w kKrwi petnej. W tym doswiadczeniu
wykorzystano chip pokryty kolagenem do wizualizacji powstawania skrzepliny plytek krwi.
Krew pelng inkubowano z badanymi preparatami (frakcje: fenolowa oraz zwigzkow
niepolarnych z owocow, liSci oraz galgzek rokitnika zwyczajnego) (37°C; 30 minut).
Odnotowano, ze frakcja fenolowa z owocow, liSci 1 galazek badanej rosliny istotnie spowalnia
proces powstawania skrzepliny. Dodatkowo zaobserwowano, ze frakcja bogata w zwigzki

niepolarne z lisci rowniez hamuje ten proces [praca 6].

Analiza elektroforetyczna bialek plytkowych traktowanych frakcjami z rokitnika

Zwyczajnego

W tym etapie badan wykonano analiz¢ elektroforetyczng w warunkach redukujacych
oraz nieredukujacych (+/- 2-merkaptoetanol) i nie zaobserwowano rdéznic miedzy
elektroforogramami ptytek krwi traktowanych frakcjami ros§linnymi, a probkami kontrolnymi

[praca 6].
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Ocena toksycznosci testowanych preparatow z rokitnika zwyczajnego

Oceng toksyczno$ci badanych preparatéw z rokitnika zwyczajnego przeprowadzono
z wykorzystaniem pomiaru aktywnosci dehydrogenazy mleczanowej (LDH). Zaden z badanych

preparatow nie byt toksyczny w stosunku do ptytek Krwi [praca 4, 5].
Whioski:

1) Preparaty wyizolowane z roznych organow rokitnika zwyczajnego wykazuja hamujacy
wplyw na proces aktywacji plytek krwi.

2) lzoramnetyna zakupiona komercyjnie oraz jej dwie pochodne wyizolowane z frakcji
fenolowej z jagod rokitnika zwyczajnego charakteryzujg si¢ aktywnoscig antyptytkowa.

3) Zahamowanie aktywacji plytek krwi przez testowane preparaty wigze si¢
z zaburzeniami przemian biochemicznych zachodzacych w ptytkach krwi.

4) Badane preparaty z rokitnika zwyczajnego nie sg toksyczne w stosunku do ptytek krwi.

5) Rokitnik zwyczajny jest zrodtem zwigzkow o aktywnosci antyoksydacyjnej w osoczu
oraz ptytkach krwi.

6) Wiasciwosci antyplytkowe i antyoksydacyjne preparatow wyizolowanych z réznych
organdw rokitnika zwyczajnego skorelowane sg z ich sktadem chemicznym.

7) Najwigksze dziatanie antyptytkowe i antyoksydacyjne wykazuje frakcja fenolowa
wyizolowana z galazek rokitnika zwyczajnego. Frakcja ta jest bogatym Zrodiem
proantocyjanidyn i katechin.

Finansowanie i wspolpraca

Praca finansowana byta w ramach grantu NCN pt. ,,Metabolity wtorne owocow, lisci
oraz gatazek rokitnika zwyczajnego (Hippophae rhamnoides L.) jako naturalne substancje
bioaktywne” (OPUS 2015/19/B/NZ9/03164) oraz dotacji celowej dla Mtodych Naukowcow pt.
»Wpltyw  ekstraktow oraz frakcji z rdéznych organdow rokitnika zwyczajnego

(Elaeagnus rhamnoides (L.) A. Nelson na aktywacje ptytek krwi” (B1911000002111.02).

Praca powstata we wspotpracy z Instytutem Uprawy Nawozenia i Gleboznawstwa

w Pulawach, Panstwowy Instytut Badawczy.
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Abstract

melanocarpa (Aronox®), and a grape seed extract.

Background: Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson, SBT) is a valuable plant because of its medical
and therapeutic potential. Different bioactive compounds in SBT berries are of special interest to various
researchers. However, not only sea buckthorn berries, but also leaves of this plant (both fresh and dried) contain a
lot of nutrients and bioactive compounds, including phenolic compounds. The present study was carried out in
order to investigate antioxidant and anticoagulant properties of sea buckthorn twig and leaf extracts (0.5-50 ug/
mL) by using various in vitro models. Moreover, the aim of present experiments was to compare the biological
activity of SBT leaf extract and SBT twig extract with selected berry extracts (a rich source of phenolic compounds):
SBT berry extract (flavonoids being the dominant components), a commercial extract from the berries of Aronia

Methods: We determined the effect of plant extracts on the oxidative stress using selected markers of this process,
i.e. the level of carbonyl groups in proteins. Additionally, we analysed the potential mechanism of modulation of
hemostatic properties of human plasma (using selected coagulation times).

Results: SBT twig and leaf extracts were observed to exhibit an antioxidant activity against two strong biological
oxidants: hydrogen peroxide (H,0,) and H,O,/Fe (the donor of hydroxyl radicals), which induced human plasma
lipid peroxidation and protein carbonylation. Both extracts also showed anticoagulant properties.

Conclusions: Our present results have demonstrated that extracts from different parts of SBT, especially berries and
twigs, in comparison to well-known berries (aronia and grape), may also be viewed as a good source of active
substances — antioxidants for pharmacological or cosmetic applications. Moreover, it is very important from an
economic point of view to know that there is a possibility of obtaining phenolic compounds not only from the
berries or leaves, but also from twigs, which constitute a production waste.

Keywords: Oxidative stress, Elaeagnus rhamnoides (L.) a. Nelson, Twig, Leaf, Berry, Phenolic compounds, Hemostasis

Background

Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson,
SBT) is an important plant because of its immense med-
ical and therapeutic potential [1-4]. Different bioactive
compounds in SBT berries are of special interest to vari-
ous researchers [1, 5, 6]. However, not only sea buck-
thorn berries, but also leaves of this plant (both fresh
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and dried) contain large amounts of nutrients and bio-
active compounds, including phenolic compounds [7].
Over the recent years, SBT leaf extracts have been scien-
tifically investigated and various biological properties, i.e.
radioprotective, anti-inflammatory and immunomodula-
tory, have been reported [1, 7, 8]. Results of Lee et al. [9]
and Pichiah et al. [10] demonstrated that SBT leaves
(used in the form of teas and extracts) possess anti-
obesity properties. Recently, Sadowska et al. [11] have
shown that not only SBT leaf extract, but also its twig
extract, have anti-virulence action in vitro. However, lack
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of interest in the potential value of these extracts, espe-
cially SBT twig extract as the source of antioxidants and
anticoagulants, is surely a significant hindrance for the
development of alternative substances for prevention
and treatment of cardiovascular diseases, which are fre-
quently associated with oxidative stress and changes in
hemostasis.

The aim of present experiments was to determinate
the potential of SBT twig extract components and SBT
leaf extract components for: (I) modulation of oxidative
stress in human plasma treated with a strong biological
oxidant: hydrogen peroxide (H,O,) and H,O,/Fe (the
donor of hydroxyl radicals) (using selected markers of
oxidative stress, i.e. the level of carbonyl groups in pro-
teins); (II) modulation of hemostatic properties of hu-
man plasma (using selected coagulation times). It should
be also emphasized that a novel aspect of our study fo-
cused on the comparison of biological activity of SBT
leaf extract and SBT twig extract with selected berry ex-
tracts (rich in phenolic compounds): SBT berry extract
(flavonoids were the dominant components [3, 4]), a
commercial extract from the berries of Aronia melano-
carpa (black chokeberry or aronia berry; Aronox®), and a
grape seed extract, which displays not only antioxidative,
but also anticoagulant and antiplatelet properties [2, 4,
12-14].

Methods

Reagents

Dimethylsulfoxide (DMSO), thiobarbituric acid (TBA),
H,0,, and formic acid (LC-MS grade) were acquired
from Sigma-Aldrich (St. Louis, MO., USA). Methanol
(isocratic grade) and acetonitrile (LC-MS grade) were
purchased from Merck (Darmstadt, Germany). All
remaining reagents represented analytical grade and
were provided by commercial suppliers.

A stock solution of A. melanocarpa berry extract
(commercial product — Aronox® by Agropharm Ltd,
Poland; batch No. 020/2007 k) was prepared in H,O at a
concentration of 5mg/mL, then kept frozen and subse-
quently used for experiments. The total content of phe-
nolics in the phenolic-rich powder used in this study
amounted to 309.6 mg/g of extract, including phenolic
acids (isomers of chlorogenic acid) — 149.2 mg/g of ex-
tract, anthocyanins (anthocyanin glycosides: cyanidin 3-
galactoside, cyanidin  3-glucoside, cyanidin  3-
arabinoside, cyanidin 3-xyloside) — 110.7 mg/g, and
flavonoids (quercetin glycosides) — 49.7 mg/g of ex-
tract. The HPLC determination of the phenolic-rich
extract from A. melanocarpa berries had been previ-
ously described [12-14].

The grape seed extract was supplied by Bionorica
(Germany) and was characterized by a total content of
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phenolics equalling 500 mg/g of extract [13]. A stock so-
lution of grape seed extract was prepared in 50% DMSO.

Plant material

Sea buckthorn berries, twigs and leaves were harvested
from a horticultural farm in Sokétka, Podlaskie Voivode-
ship, Poland (53°24°N, 23°30°E), the greatest Polish pro-
ducer of sea buckthorn fruits. The plant material was
identified by Mr. Stanislaw Trzonkowski, the owner of
the farm. A voucher specimens have been deported at
the Institute of Soil Science and Plant Cultivation — Sate
Research Institute, Pulawy, Poland (IUNG/HRH/2015/2)

Chemical characteristics of the extract of phenolic
compounds from sea buckthorn berries, twigs and leaf
Extracts from the fruit, leaves and twigs of sea buck-
thorn were prepared as previously described [3, 11].
Their composition was determined by reverse-phase
UHPLC-MS/MS, using ACQUITY UPLC™ system (Wa-
ters, Milford, MA, USA), coupled with an ACQUITY
TQD (Waters) triple quadrupole mass detector. Chro-
matographic separations were performed on an
ACQUITY HSS C18 (100 x 2.1 mm, 1.8 pum; Waters)
column (the fruit extract) and an ACQUITY BEH C18
(100 mm x 2.1 mm, 1.7 um; Waters) column (leaf and
twig extracts). Components of the extracts were identi-
fied on the basis of their MS and UV spectra, as well as
literature data [15-17].

Stock solutions of the SBT berry extract, SBT twig ex-
tract and SBT leaf extract were made in 50% DMSO.
The final concentration of DMSO in tested samples was
lower than 0.05% and its effects were determined in all
experiments.

Plasma isolation

Fresh human plasma and blood were obtained from
healthy and medication-free donors of a blood bank at a
Medical Center (Lodz, Poland). Moreover, blood was ob-
tained from non-smoking men and women (collected
into CPD solution (citrate/phosphate/dextrose; 9:1; v/v
blood/CPD) or CPDA solution (citrate/phosphate/dex-
trose/adenine; 8.5:1; v/v; blood/CPDA)). Our analysis of
the blood samples was performed under the guidelines
of the Helsinki Declaration for Human Research, and
approved by the Committee on the Ethics of Research in
Human Experimentation at the University of Lodz (reso-
lution No. 3/KBBN-UL/II/2016). Plasma was incubated
(15, 30 or 60 min, at 37 °C) with:

— SBT extracts at the final concentrations of 0.5—
50 pg/mL

— SBT extracts at the final concentrations of 0.5—
50 pg/mL plus 2 mM H,0,
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— SBT extracts at the final concentrations of 0.5—
50 pg/mL plus 4.7 mM H,0,/3.8 mM Fe,SO,4/2.5
mM EDTA

— Aronia berry extract or grape seed extract at the
final concentration of 50 pg/mL

— Aronia berry extract or grape seed extract at the
final concentration of 50 ug/mL plus 2 mM H,O,

— Aronia berry extract or grape seed extract at the
final concentration of 50 ug/mL plus 4.7 mM H,0,/
3.8 mM Fe,SO4/2.5 mM EDTA.

The protein concentration, determined by measuring
absorbance at 280 nm (in tested samples), was calculated
according to the procedure of Whitaker and Granum [18].

Markers of oxidative stress

Lipid peroxidation measurement

Lipid peroxidation was quantified by measuring the con-
centration of TBARS. Absorbance was measured at 535
nm (the SPECTROstar Nano Microplate Reader- BMG
LABTECH Germany) [19, 20]. The TBARS concentra-
tion was calculated using the molar extinction coefficient
(e =156,000 M~ ! cm™'). More details were described in
Skalski et al. [21].

Carbonyl group measurement

The detection of carbonyl groups in proteins was carried
out according to Levine et al. [22] and Bartosz [20]. The
carbonyl group concentration was calculated using a
molar extinction coefficient (e =22,000 M~ 'cm™1). The
level of carbonyl groups was presented as nmol carbonyl
groups/mg of protein. More details were described in
Olas et al. [23].

Thiol group determination

The level of thiol group was measured spectrophotomet-
rically (the SPECTROstar Nano Microplate Reader-
BMG LABTECH Germany) by absorbance at 412 nm
with Ellman’s reagent: 5,5 -dithio-bis-(2-nitrobenzoic
acid). The level of thiol groups was expressed as nmol
thiol groups/mg of plasma protein [24, 25]. More details
were described in Olas et al. [23].

Parameters of hemostasis

The measurement of prothrombin time (PT)

Human plasma was incubated at 37 °C on a block heater.
After incubation, the cuvette was transferred to measur-
ing holes. Then 100 uL of Dia-PT liquid (commercial
preparation) was added. The PT was determined coagu-
lometrically using Optic Coagulation Analyser model K-
3002 [26].

(2019) 19:148

Page 3 of 12

The measurement of thrombin time (TT)

Human plasma was added to a coagulometric cuvette
and incubated at 37 °C on a block heater. Then the cu-
vette was transferred to measuring holes and 100 pL of
thrombin (final concentration - 5 U/mL) was added. The
TT was determined coagulometrically using Optic Co-
agulation Analyser model K-3002 [26].

The measurement of activated partial thromboplastin time
(APTT)

Human plasma was added to a coagulometric cuvette.
Then the incubation was conducted at 37 °C on a block
heater with 50 uL. of Dia-PTT liquid (commercial prep-
aration). The cuvette was transferred to measuring holes.
Then 50 pL of 25 mM CaCl, was added. The APTT was
determined coagulometrically (Optic Coagulation Ana-
lyser model K-3002) [26].

Data analysis

Several tests were used to carry out statistical analysis.
All the values in this study were expressed as mean +
SD. Obtained results were analysed under the account of
normality with Shapiro-Wilk test and equality of vari-
ance with Levine test. Statistical significance of differ-
ences among experimental variants was assessed by
ANOVA (the significance level was p < 0.05), followed by
Tukey multiple comparison test or Kruskal-Wallis test.

Results
The UHPLC-MS analyses demonstrated that different
glycosides of isorhamnetin and quercetin (with isorham-
netin 3-O-Hex-dHex; isorhamnetin 3-O-Hex, and iso-
rhamnetin 3-O-Hex-7-O-dHex as dominant compounds)
were main constituents of the phenolic extract of sea
buckthorn berries and their total amount, expressed as
isorhamnetin 3-O-B-glucosyl-(1 — 2)-p-galactoside
equivalent (214.04 mg/g). Other phenolic compounds
were difficult to identify and most of them were present
in small amounts. Their total content was 28.65 mg/g of
the extract (expressed as isorhamnetin 3-O-p-glucosyl-
(1 —2)-B-galactoside equivalent) [3]. Ellagitannins
(259.6 + 3.1 mg/g) were identified as principal phenolic
constituents of the SBT leaf extract. Flavonoids (74.7 +
0.7 mg/g) were represented by glycosides of isorhamne-
tin (the dominant aglycone), quercetin, and kaempferol.
The SBT twig extract consisted mainly of B —type
proanthocyanidins and catechin (the total content
597.1 + 10.2 mg/g). More details can be found in the ori-
ginal literature [3, 11]. The total content of phenolics in
SBT berry extract, SBT twig extract and SBT leaf extract
is demonstrated in Table 1.

Antioxidant properties of plant extracts cannot be
evaluated by a single method, due to the complex nature
of phytochemicals. Therefore, in the present study
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Table 1 Total content of phenolics in the extracts used in this experiment [3, 4, 11-14, 23]

Tested extract

Total content of phenolics

Aronia berry extract (commercial product, Aronox®, by Agropharm Ltd. Poland)

Grape seed extract (by Bionorica, Germany)
SBT berry extract (phenolic extract)
SBT leaf extract (butanolic extract)

SBT twig extract (butanolic extract)

309.8 mg/g of extract
500 mg/g of extract

242.7 mg/g of fraction
341.5mg/g of extract
6212 mg/g of extract

antioxidant activity of tested plant extracts was evaluated
on the basis of their influence on levels of lipid peroxi-
dation, carbonyl groups and thiol groups in human
plasma. The antioxidant activity of SBT twig and leaf ex-
tracts (at the concentrations: 0.5-50 pg/mL; incubation
time: 15 and 60min) were studied in vitro. As

demonstrated in Fig. la, two tested extracts inhibited
lipid peroxidation in human plasma treated with H,O,,
but this inhibition was not concentration-dependent for
15 min of incubation time. However, we observed that
the two tested extracts (at all concentrations) did not
change plasma lipid peroxidation (induced by H,O,)
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Fig. 1 Effects of SBT twig and leaf extracts (0.5-50 ug/mL; 15 min (a) and 60 min (b)) on plasma lipid peroxidation induced by H,O,. In these
experiments, the TBARS level (marker of lipid peroxidation) in control samples (plasma treated with only H,0,) was 0.254 + 0.046 nmol/mL of
plasma. Data represent means + SD of 5-10. The effect of five different concentrations of two tested extracts (0.5, 1, 5, 10 and 50 ug/mL; for 15
min) was statistically significant (*p < 0.05, **p < 0.005; ***p < 0.001) in comparison to control. The effect of five different concentrations of two
tested extracts (0.5, 1, 5, 10 and 50 pg/mL; for 60 min) was not statistically significant (p > 0.05 (n.s.)) in comparison to control. The effects were
not statistically significant: SBT twig extract-treated plasma vs. SBT leaf extract-treated plasma (p > 0.05 (n.s.); for all tested concentrations- 0.5 -
50 pg/mL; for 15 and 60 min). black diagram — control, white diagram - twig, grey diagram - leaf
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when longer incubation time (60 min) was applied (Fig.
1b). On the other hand, SBT twig extract (at doses: 5, 10
and 50 pg/mL, for 15 and 60 min of incubation time) re-
duced the level of plasma lipid peroxidation induced by
H,0O,/Fe; additionally, activity of the extract was
concentration-dependent (Fig. 2a and b). SBT leaf ex-
tract revealed antioxidant properties at the same concen-
trations, but only for 60 min of incubation time (Fig. 2b).
Moreover, in this model (with H,O,/Fe as the inducer of
oxidative stress), SBT twig extract (at the highest con-
centration — 50 pg/mL; 60 min) demonstrated stronger
antioxidant properties than SBT leaf extract (at the same
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concentration) (Tab. 2). SBT twig extract reduced lipid
peroxidation by about 40%, and SBT leaf extract by
about 30% (Tab. 2).

Another set of experiments focused on plasma protein
carbonylation levels; the tested extracts had no effect on
this process during short incubation — 15 min (Figs. 3a
and 4a). Nevertheless,, the protein carbonylation (in-
duced by H,O, and H,O,/Fe) was reduced in the pres-
ence of SBT twig and leaf extracts, when a longer
incubation time was applied — 60 min (Fig. 3b and 4b).
In addition, SBT twig extract (at 50 pg/mL, incubation
time — 60 min) had stronger inhibitory effect on plasma

A150
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Fig. 2 Effects of SBT twig and leaf extracts (0.5-50 ug/mL; 15 min (a) and 60 min (b)) on plasma lipid peroxidation induced by H,O,/Fe. In these
experiments, the TBARS level (marker of lipid peroxidation) in control samples (plasma treated with only H,0,/Fe) was 0.341 +0.078 nmol/mL of
plasma. Data represent means + SD of 5-10. The effect of two different concentrations of two tested extracts (0.5 and 1 pg/mL; for 15 and 60
min) was not statistically significant (p > 0.05 (n.s.)) in comparison to control. The effect of two different concentrations of SBT leaf extract (10 and
50 pg/mL; for 15 min) was not statistically significant (p > 0.05 (n.s.)) in comparison to control. The effect of three different concentrations of SBT
twig extract (5, 10 and 50 pg/mL; for 15 min) was statistically significant (*p < 0.05, **p < 0.005) in comparison to control. The effect of one
concentration of SBT leaf extract (5 ug/mL; for 15 min) was statistically significant (*p < 0.05) in comparison to control. The effect of three different
concentrations of two tested extracts (5, 10 and 50 ug/mL; for 60 min) was statistically significant (*p < 0.05) in comparison to control. The effects
were not statistically significant: SBT twig extract-treated plasma vs. SBT leaf extract-treated plasma (for 15 min: p > 0.05 (n.s.), for all tested
concentrations- 0.5 - 50 pg/mL); for 60 min (p > 0.05 (n.s.), for tested concentrations: 0.5, 1 and 10 ug/mL). The effects were statistically significant:
SBT twig extract-treated plasma vs. SBT leaf extract-treated plasma, (for 60 min, p < 0.05 for tested concentrations: 10 and 50 pug/mL). black
diagram — control, white diagram - twig, grey diagram - leaf
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Table 2 Comparison of antioxidant properties of SBT twig and
leaf extracts with properties of selected berry extracts (50 ug/
mL; 15 and 60 min) in human plasma. Data represent means +
SD of 5-12. The level of marker of oxidative stress in control
sample (plasma treated with H,O, or H,O,/Fe) was expressed as
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Table 2 Comparison of antioxidant properties of SBT twig and
leaf extracts with properties of selected berry extracts (50 pg/
mL; 15 and 60 min) in human plasma. Data represent means +
SD of 5-12. The level of marker of oxidative stress in control
sample (plasma treated with H,O, or H,O,/Fe) was expressed as
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protein carbonylation (induced by H,O,/Fe) than SBT
leaf extract (at 50 ug/mL, incubation time — 60 min); i.e.
inhibition of this process was only about 53% for SBT
leaf extract (50 pg/mL), and about 76% for SBT twig ex-
tract (50 pg/mL) (Fig. 4b, Table 2).

Analysis of the effect of tested extracts (50 pg/mL) on
oxidation of plasma protein thiols demonstrated that
SBT twig extract and leaf extract did not affect the said
process (Fig. 5).

Moreover, we have demonstrated differences in anti-
oxidant activity between SBT leaf or twig extract and se-
lected berry extracts, i.e. SBT berry extract (butanolic
extract). Table 2 shows comparative effects of SBT twig
extract, SBT leaf extract and berry extracts, including
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Fig. 3 Effects of SBT twig and leaf extracts (0.5-50 ug/mL; 15 min (a) and 60 min (b)) on plasma protein carbonylation induced by H,O,. In these
experiments the carbonyl group level (marker of protein oxidation) in control samples (plasma treated only with H,O,) was 17.1 +4.3 nmol/mg of
plasma protein. Data represent means + SD of 6-12. The effect of five different concentrations of two tested extracts (0.5, 1, 5, 10 and 50 pg/mL;
for 15 min) was not statistically significant (p > 0.05 (n.s.)) in comparison to control. The effect of two different concentrations of SBT twig extracts
(0.5 and 1 pg/mL; for 60 min) was not statistically significant (p > 0.05 (n.s)) in comparison to control. The effect of one concentration of SBT leaf
extract (0.5 pg/mL; for 60 min) was not statistically significant (p > 0.05 (n.s)) in comparison to control. The effect of three different concentrations
of SBT twig extracts (5, 10 and 50 pg/mL; for 60 min) was statistically significant (*p < 0.05), in comparison to control. The effect of four different
concentrations of SBT leaf extracts (1, 5, 10 and 50 pug/mL; for 60 min) was statistically significant (*p < 0.05), in comparison to control. The effects
were not statistically significant: SBT twig extract-treated plasma vs. SBT leaf extract-treated plasma (for 15 and 60 min, p > 0.05 (n.s.); for all tested
concentrations- 0.5 - 50 ug/mL). black diagram - control, white diagram - twig, grey diagram - leaf

SBT berry extract, aronia berry extract and grape seed
extract (50 pug/mL) on the level of biomarkers of oxida-
tive stress in human plasma. We observed that SBT
berry extract had stronger antioxidant properties (espe-
cially for the inhibition of lipid peroxidation) than SBT
twig and leaf extracts (Tab. 2), i.e. the inhibition of lipid
peroxidation (induced by H,O,/Fe, incubation time -
15min) reached about 70% (for SBT berry extract),
about 25% (for SBT leaf extract) and about 35% (for SBT
twig extract). However, antioxidant properties of SBT
twig and leaf extracts were very often similar, like for
aronia berry extract and grape seed extract (Tab. 2).

As shown in Table 3, SBT twig and leaf extracts (at
the highest test concentration - 50 pg/mL; incubation

time — 30 min) significantly prolonged the APTT time.
We demonstrated that SBT twig extract had stronger ac-
tivities than leaf extract. In addition, SBT twig extract
had stronger anticoagulant activity than berry extracts
(SBT berry extract, aronia berry extract and grape seed
extract (Tab. 3). However, SBT twig and leaf extracts did
not change the TT and the PT (data are not presented).

Discussion

Sea buckthorn is a wild plant that has been used for cen-
turies as a traditional medicine for treating different dis-
eases. Over the last two decades, researchers have
demonstrated a correlation between chemical compos-
ition and biological activity of SBT [3, 4, 27]. Researchers
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Fig. 4 Effects of SBT twig and leaf extracts (0.5-50 ug/mL; 15 min (a) and 60 min (b)) on plasma protein carbonylation induced by H,O./Fe. In
these experiments the carbonyl group level (marker of protein oxidation) in control samples (plasma treated only with H,O,/Fe) was 304 + 5.1
nmol/mg of plasma protein. Data represent means + SD of 6-12. The effect of five different concentrations of two tested extracts (0.5, 1, 5, 10
and 50 pg/mL; for 15 min) was not statistically significant (p > 0.05 (n.s.)) in comparison to control. The effect of five different concentrations of
SBT twig extract (0.5, 1, 5, 10 and 50 pg/mL; for 60 min) was statistically significant (*p < 0.05) in comparison to control. The effect of three
different concentrations of SBT leaf extract (5, 10 and 50 pg/mL; for 60 min) was statistically significant (*p < 0.05) in comparison to control. The
effect of two different concentrations (0.5 and 1 ug/mL; for 60 min) was not statistically significant (p > 0.05 (n.s.)), in comparison to control. The
effects were not statistically significant: SBT twig extract-treated plasma vs. SBT leaf extract-treated plasma (for 15 min, p > 0.05 (n.s.); for all tested
concentrations- 0.5 - 10 ug/mL). The effects were not statistically significant: SBT twig extract-treated plasma vs. SBT leaf extract-treated plasma
(for 60 min, p > 0.05 (n.s.); for three tested concentrations- 0.5 - 5 ug/mL). The effects were statistically significant: SBT twig extract-treated plasma
vs. SBT leaf extract-treated plasma (for 60 min, p < 0.05; for two tested concentrations- 10 and 50 pg/mL). black diagram — control, white diagram
- twig, grey diagram - leaf

have also frequently correlated the SBT action with com-
pounds present in its extracts, especially those from ber-
ries and leaves, however, less data is available regarding
compounds from SBT twigs. Results obtained by differ-
ent researchers have indicated that antioxidant activities
of phenolic compounds from SBT berries and leaves
may be partly responsible for the beneficial effects of
these compounds on human health [28-30]. Our earlier
results showed that a butanolic extract from SBT berries
(rich in flavonoids) exhibits antioxidant and anti-platelet
properties [3, 4]. Moreover, Tian et al. [31] analysed the
chemical content of extracts from berries and leaves of

13 berries and leaves of various berry plants, including
sea buckthorn. They observed that sea buckthorn leaves
are the richest source of phenolics (7856 mg/100 g fw.)
with ellagitannins being the dominant compound class.
It is vital to note that SBT berries and leaves show no
cytotoxicity or adverse effects upon oral administration
[32-34]. Moreover, there is no report concerning the
toxicity of SBT phenolic compounds. In addition, the
range of tested concentrations of SBT leaf extract, SBT
twig extract and selected berry extracts (0.5-50 pg/mL)
in human plasma in our experiments can be achieved by
way of oral supplementation with phenolics [35, 36].
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Fig. 5 Effects of SBT twig and leaf extracts (50 pg/mL; 15 min and 60 min) on oxidation of plasma protein thiols induced by H,O,/Fe. Data
represent means + SD of 6-9; p > 0.05 (n.s.). Control negative refers to plasma not treated with H,0O./Fe, whereas control positive to plasma
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An interesting aspect of beneficial effects of extracts
from different parts of SBT on human health is its pro-
tective actions on the cardiovascular system [3, 4, 37].
The effect of various parts of SBT, especially twigs and
leaves, on different components of hemostasis, including
plasma, which plays a role in cardiovascular system effi-
ciency, has not been studied yet. Thus, the main object-
ive of our in vitro experiments was to examine the
antioxidant and anticoagulant activities of SBT twig and
leaf extracts in human plasma.

In the present study, the addition of H,O, or H,O,/Fe
to human plasma resulted in a significant increase in the
level of different tested oxidative stress biomarkers. Two
oxidative agents, namely (1) H,O, and (2) H,O,/Fe were
used, because Fe concentration in isolated plasma is low,
similarly to the level of oxidative stress parameters (i.e.
the level of TBARS and carbonyl groups in proteins),
which is also low. However, when Fe is added to isolated
human plasma, higher level of these markers can be
noted. Moreover, some researchers indicate that certain
complexes of iron ions (i.e. EDTA) may also react with

Table 3 Comparison of anticoagulant properties of SBT twig
and leaf extracts with properties of selected berry extracts
(50 ug/mL; 30 min). Data represent means + SD of 12-30

APTT (s)

Control (A)

SBT leaf extract (B)
SBT twig extract (C)

423+41
464 +£45;Bvs A (p <0.05)
519432, Cvs A (p<005); Cvs B (p<001)

Aronia berry extract 453+32;Dvs A (p<0.05); D vs C(p<001)

D)
Grape seed extract (E) 46.1+29;Evs A (p<0.05); Evs B (p<0.02)

402+34;FvsA(p>005(ns); FvsB(p<
0.001)

SBT berry extract (F)

hydrogen peroxide to form hydroxyl radicals [37, 38].
The results of our experiments indicate that SBT leaf ex-
tract exhibited an inhibitory action on H,O, and H,O,/
Fe — induced lipid peroxidation and protein carbonyla-
tion in human plasma in vitro. These results are consist-
ent with other studies on the role of SBT leaf extract in
protecting against oxidative stress [39, 40]. However, it is
known that the nature and polarity of solvent may de-
cide about biological activity of phenolic extracts from
different parts of plants, i.e. Upadhyay et al. [8] have
used two different leaf extracts: aqueous extract (total
phenolics: 40.49 + 2.10 mg gallic acid equivalents/g dry
leaf) and hydroalcoholic extract (total phenolics: 56.28 +
2.30 mg gallic acid equivalents/g dry leaf). They have
found SBT leaf extracts to have not only antioxidant,
but also cytoprotective and antibacterial effects. Both
aqueous and hydroalcoholic extracts of SBT leaves (at
concentration of 250 ug/mL) exhibited potent antioxi-
dant activity when analysed by 2,2’-diphenyl-1-picrylhy-
drazyl (DPPH), 2,2 -azino-bis (3-ethylbenzothiazoline-6-
sulfoni acid) diammonium salt (ABTS) and Ferric Redu-
cing Antioxidant Power (FRAP). However, our present
results demonstrate that tested SBT leaf extract (butano-
lic extract), even at low concentrations (0.5-50 pg/mL),
could be used as a natural source of antioxidants, i.e. in-
hibition of plasma protein carbonylation (induced by
H,0,) levelled about 45% (for the concentration of
50 pg/mL, incubation time — 60 min). Results obtained
by Khan et al. [40] have shown that SBT leaf extract
ameliorates the gamma radiation mediated DNA damage
and hepatic alterations. For this in vivo experiment,
Swiss albino mice have been administered SBT (30 mg/
kg body weight) for 15 consecutive days before exposing
them to a single dose of 5 Gy of beta radiation. Mahesh-
wari et al. [39] also demonstrated that the phenolic-rich
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fraction of SBT leaves has a potent antioxidant activity,
prevents oxidative damage to proteins and lipids, and af-
fords significant protection against CCl,-stimulated oxi-
dative liver damage in Sprague Dawley rats. In addition,
results of Bala et al. [41] indicate that standardized leaf
extract from sea buckthorn (administered 12 mg/kg body
weight, before irradiation) normalized brain superoxide
dismutase and catalase in rats. Cho et al. [42] showed
that SBT leaf extracts protect neuronal PC-12 cells from
oxidative stress in vitro. Moreover, SBT leaf extract in-
hibits rapid proliferation of rat C6 glioma cells, possibly
by inducing early events of apoptosis [43].

Few phenolic constituents of the investigated extracts
can be directly absorbed in the GI tract. During their
passage through the GI tract, flavonol glycosides are
usually hydrolysed by microbial and intestinal enzymes.
Flavonol aglycons are partly decomposed by intestinal
microbes (and products of the decomposition can be
absorbed by intestines), partly absorbed by intestines;
the absorbed flavonol glycosides occur in the circulation
system mainly as sulfates, glucuronides or diglucuro-
nides. Catechin can be partly absorbed in the GI tract
(and most the absorbed catechin is further sulfated or
glucuronized), partly decomposed by intestinal micro-
biota (and the decomposition products also can be
absorbed). It seems oligomeric proanthocyanidins can-
not be directly absorbed, but products of their microbial
decomposition (mainly different phenolic acids) are
absorbed into the circulatory system.

Ellagitannins (from pomegranates, raspberries, straw-
berries, walnuts) are not directly absorbed, but products
of their microbial decomposition (so called urolithins, as
well as ellagic acid) can be absorbed, and occur it
the circulation system mainly as sulfates or glucuro-
nides [44].

For the first time, our findings have demonstrated
antioxidant properties of SBT twig extract (the butanolic
extract) in an experimental system of isolated human
plasma. The tested extract significantly reduced the ac-
tion on H,O, and H,O,/Fe — induced oxidation in hu-
man plasma in vitro. However, our earlier results have
shown that not only the phenolic fractions, but also the
non-polar fractions (rich in triterpenes and acylated tri-
terpenes) from sea buckthorn twigs and leaf had antioxi-
dant and anticoagulant properties [45].

Human plasma was used in our in vitro experiments
because it is an important component of hemostasis.
Changes in hemostasis are often correlated with oxida-
tive stress, and oxidative stress has been implicated in
development of cardiovascular diseases. A novel finding
of this study is that SBT twig and leaf extracts (at the
highest tested concentration — 50 ug/mL), similarly to
aronia berry extract or grape seed extract, change coagu-
lation properties of human plasma in vitro. They
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prolong the clotting time — APTT, which is a measure
of the efficiency of intrinsic mechanism of activation of
prothrombin, without blood platelets. Thus, the obtained
results indicate anticoagulant activities of SBT twig and
leaf extracts in model system in vitro.

We suppose that the differences in chemical profiles
of tested extracts, especially total concentration of phen-
olic compounds, may explain differences in their bio-
logical activities (antioxidant and anticoagulant
properties), i.e. they may explain the stronger action of
SBT twig extract (than SBT leaf extract), in which
proanthocyanidins exhibit high concentration (about
580 mg/g). We suppose that these compounds may act
not only as main antioxidants in this extract, but also as
compounds with anticoagulant activity. Our previous ex-
periments have also demonstrated strong antioxidant
potential of the phenolic fractions from sea buckthorn
twigs, which can be attributed to a high content of cat-
echin and proanthocyanidins [45]. Chong et al. [46] sug-
gest that anthocyanidins, procyanidins, flavonols and
phenolic acids may have the greatest beneficial impact
on cardiovascular disorders. Other authors have also
demonstrated that supplementation with commercial
product made from aronia berries (Aronox®) results in
improved clotting and fibrinolysis in patients with meta-
bolic syndrome, and has been shown to modify
hemostasis in in vitro [47]. Our present results are con-
sistent with other studies concerning the anticoagulant
properties of aronia berry extract, a known source of an-
thocyanins (about 110 mg/g). On the other hand, the
non-polar fraction from sea buckthorn twigs (rich in
triterpenoids and acylated triterpenoids) had a
greater impact on coagulation system then the phen-
olic fraction [45].

Conclusion

Extracts from different parts of SBT, especially berries
and twigs, in comparison to well-known berries (aronia
and grape) may be also a good source of active sub-
stances — anticoagulants and antioxidants for pharmaco-
logical or cosmetic applications. Moreover, it is very
important from an economic point of view there is a
possibility of obtaining phenolic compounds not only
from berries or leaves, but also from twigs, which consti-
tute a production waste.
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Aim: The main objective of our studies was to determine the chemical composition and biological activities
(antioxidant and anticoagulant properties) of two standardized phenolic fractions from sea buckthorn
twig and leaf, and two standardized nonpolar fractions from twig and leaf in human plasma in vitro.
Material & methods: Appropriately prepared extracts from sea buckthorn twigs and leaves were used.
Markers of oxidative stress and hemostasis were determined in this work. Results: The reduction of plasma
lipid peroxidation induced by H,0,/Fe was observed for two fractions from twig. Analysis of the effect on
the coagulation properties of plasma demonstrated that the nonpolar fraction from twig and the phenolic
fraction from leaf, significantly prolonged the activated partial thromboplastin time and the prothrombin
time, respectively. Conclusion: Sea buckthorn twig and leaf are new promising plant materials in the
prophylaxis and treatment of cardiovascular disorders.

Graphical Abstract:

[mTwig
— mLeaf
2 T ns. ns. * B
< 100 : _ 20— nso ST L st
E 80 ';:,’ _
= 60 o
§ w0 10
o
3 20
=
3 0 0—

00 05 10 50 100 50.0 00 05 10 50 100 500

Concentration of phenolic fraction (pg/ml) Concentration of phenolic fraction (pg/ml)
60— [mTwig

Lipid peroxidation induced by H,0 /Fe = eaf
3120 s 50— . . . . .
2 ns. .S e e [mTwig ns ns. ns. ns ns.
H 100 . N . T o Leaf — 40—
£ w0 .
T
H 60
g 40
3 20
a
a o

00 05 1.0 50 10.0 50.0 0.0 0.5 1.0 50 10.0 50.0
Concentration of nonpolar fraction (ug/ml) Concentration of nonpolar fraction (ug/ml)

First draft submitted: 24 April 2018; Accepted for publication: 22 August 2018; Published online:
27 September 2018

Keywords: hemostasis e leaf e oxidative stress o sea buckthorn e twig

For many years, scientists have been looking for medicinal compounds among plants. The main place is currently
occupied by sea buckthorn (Elaeagnus rhamnoides (L) A Nelson; Elacagnaceae family), a shrub with characteristic
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orange berries. Sea buckthorn berries are recognized as a rich source of health-promoting substances, including
phenolic compounds, numerous vitamins, minerals, omega fatty acids and phytosterols [1-5], and are very good
candidates for functional food production. Recently, experiments have demonstrated that other parts of sea
buckthorn — leaves and twigs, also contain phenolic compounds, which are beneficial for human health [6-8].
Results of Sadowska ez al. (8] showed that the butanolic extracts of phenolic compounds from sea buckthorn leaves
and twigs have antivirulence (blocking virulence factors) properties in vitro.

In this experiment, we focused on chemical composition and biological activities of four fractions obtained
from sea buckthorn leaf and twig extracts: phenolic fractions and nonpolar fractions, the effect of which on
human plasma, an important element of hemostasis, was not investigated. The objective was to investigate anti-
or prooxidant properties of four fractions from sea buckthorn leaf and twig against the effect of a biological
oxidant - H,O, /Fe (the donor of hydroxyl radicals) on human plasma lipids and proteins. The aim of our studies
was also to determine their effect on hemostatis parameters of plasma (the activated partial thromboplastin time
[APTT]), prothrombin time (PT) and thrombin time (TT)) in vitro. The action of the four used fractions was
also compared with properties of butanolic extract of phenolic compounds from sea buckthorn leaf (which is rich
in ellagitannins) and butanolic extract of phenolic compounds from sea buckthorn twig (which is rich in B-type
proanthocyanidins and catechin).

Materials & methods

Chemicals

DMSO, thiobarbituric acid, formic acid (LC-MS grade) and H,O, were purchased from Sigma (MO, USA).
Methanol (isocratic grade) and acetonitrile (LC-MS grade) were acquired from Merck (Darmstadt, Germany).

Other reagents represented analytical grade and were provided by commercial suppliers, including POCh, (Gliwice,
Poland), Acros (Warsaw, Poland), and Chempur (Piekary Slaskie, Poland).

Plant material

Sea buckthorn twigs and leaves were obtained from a horticultural farm in Sokétka, Podlaskie Voivodeship, Poland
(53°24'N, 23°30'E), the greatest Polish producer of sea buckthorn fruits. The plant material was identified by S
Trzonkowski, the owner of the farm. Voucher specimens have been deported at the Institute of Soil Science and
Plant Cultivation — State Research Institute, Pulawy, Poland IUNG/HRH/2015/2).

Preparation & quantification of the fractions (the phenolic fraction & nonpolar fraction) from sea
buckthorn twig & leaf
Extraction procedure

Lyophilized leaves of sea buckthorn were milled in a laboratory mill (Retsch ZM200, Haan, Germany). The twigs,
air dried at 40°C, were ground in laboratory mills (Retsch SM300, ZM200). The milled material was stored in a
freezer. The leaves (284 g) were extracted with 5 1 (in three portions) of 80% methanol (v/v), at room temperature
(48 h), with three cycles (10 min) of ultrasonication (3 x 10 min). The ground twigs (680 g) were extracted
with 14 | of 80% methanol (in three portions), as described above. After filtration, the extracts were concentrated
by rotary evaporation (40°C) and defatted with hexane. Organic solvents were removed in a rotary evaporator,
the residue was subsequently resuspended in Milli-Q water (final volume ~1200 ml) and extracted with butanol
(200 ml portions). The butanol extracts were rotary evaporated to remove the solvent, the residue was suspended
in portions of water and 20% tert-butanol, freezed and lyophilized. The procedures yielded 12.42 g (yield 43.7 mg
¢! dry mass) of the dry leaf extract and 24.64 g (yield 36.2 mg ¢! dry mass) of the twig extract. A 12 g portion
of the leaf extract was suspended in 600 ml of 50% methanol, shaken, ultrasonicated for 2 min and centrifuged.
The supernatant, containing mainly phenolic compounds, was dried in a rotary evaporator, dissolved in 20%
tert-butanol and lyophilized, to yield 11.37 g of the phenolic fraction. The dry residue was dissolved in a mixture
of tert-butanol and water and lyophilized (0.63 g). The twig extract was fractionated in the same way (14 g was
mixed with 700 ml of 50% methanol), yielding 13.07 g of the phenolic fraction and 0.83 g the nonpolar fraction.

LC-MS analysis

The composition of the sea buckthorn fractions was determined using a Thermo Ultimate 3000RS (Thermo Fischer
Scientific, MS, USA) UHPLC (Ultra-High Performance Liquid Chromatography) system, equipped with a charged
aerosol detector, a diode array detector. The system was hyphenated with a Bruker Impact II (Bruker Daltonics
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GmbH, Bremen, Germany) Q-TOF mass spectrometer. Samples were chromatographed usingan ACQUITY BEH
(Ethylene Bridged Hybrid) C18 column (2.1 x 150 mm, 1.7 pm; Waters, MA, USA) maintained at 60°C, the
injection volume was 2.5 pl. Chromatographic separations (500 pl min™, 30 min) were carried out using a linear
gradient from 7 to 90% of solvent B (acetonitrile containing 0.1% (v/v) of formic acid) in solvent A (0.1% [v/v]
formic acid in Milli-Q water). UHPLC-ESI-MS analyzes were performed in negative and positive ion mode. The
scanning range was from m/z 50 to 2000. MS settings for negative ion mode: capillary voltage 3 kV; dry gas flow 6
I min!; dry gas temperature 200°C; nebulizer pressure 0.7 bar; collision RE 700 Vpp; transfer time 80 ws; prepulse
storage time 10 ps. Collision energy was set automatically in the range from 15 to 140 eV, depending on the m/z
of a fragmented ion. MS settings for positive mode were as follows: capillary voltage 4.5 kV; dry gas flow 6 | min™';
dry gas temperature 200°C; nebulizer pressure 0.7 bar; collision RF 700 Vpp; transfer time 70 ps; prepulse storage
time 7 ps. Collision energy was set automatically in the range from 9 to 85 eV, depending on the m/z value of a
fragmented ion. Components of the analyzed fractions were identified on the basis of their MS and UV spectra,
with the help of available literature data. The relative content of individual compounds was determined on the
basis of charged acrosol detector chromatograms and expressed as a percentage of the total peak area.

Chemical characteristics of the butanolic extract of phenolic compounds from sea buckthorn twig
& leaf
Extracts from the leaves and twigs of sea buckthorn were prepared as previously described (8]. Their composition
was determined by reverse-phase UHPLC-MS/MS, using ACQUITY UPLC™ system (Waters), coupled with an
ACQUITY TQD (Waters) triple quadrupole mass detector. Chromatographic separations were performed on an
ACQUITY BEH C18 (100 mm x 2.1 mm, 1.7 pum; Waters) column (leaf and twig extracts). Components of the
extracts were identified on the basis of their MS and UV spectra, as well as literature data (9-11].

Ellagitannins (259.6 = 3.1 mg/g) were identified as principal constituents of butanolic extract from sea buckthorn
leaf. The butanolic extract from sea buckthorn twigs consisted mainly of B-type proanthocyanidins and catechin
(the total content 597.1 & 10.2 mg/g) (8.

Stock solutions

Stock solutions of the phenolic fractions, nonpolar fractions and butanolic extracts from sea buckthorn twig and
leaf were made in 50% DMSO. The final concentration of DMSO in samples was lower than 0.05% and its effects
were determined in all experiments.

Plasma isolation

Human blood and plasma were obtained from regular donors (nonsmoking men and women) of a blood bank
(Lodz, Poland) and a Medical Center (Lodz, Poland). Blood was collected into citrate/phosphate/dextrose (CPD)
solution; 9:1; v/v blood/CPD or CPD/adenine (CPDA) solution; 8.5:1; v/v; blood/CPDA). They had not
taken any medication or addictive substances (including tobacco, alcohol, antioxidant supplementation, aspirin
or any other antiplatelet drugs). Our analysis of the blood samples was performed under the guidelines of the
Helsinki Declaration for Human Research, and approved by the Committee on the Ethics of Research in Human
Experimentation at the University of Lodz (resolution number 3/KBBN-UL/I1/2016). Plasma was incubated
(30 min, at 37°C; for hemostatic parameters) with:

The phenolic fraction from the leaves of sea buckthorn at the final concentrations of 0.5-50 pg/ml;
The phenolic fraction from the twigs of sea buckthorn at the final concentrations of 0.5-50 pg/ml;

The nonpolar fraction from the leaves of sea buckthorn at the final concentrations of 0.5-50 pg/ml;
The nonpolar fraction from the twigs of sea buckthorn at the final concentrations of 0.5-50 pg/ml;
The butanolic extract from the leaves of sea buckthorn at the final concentration of 50 pg/ml;

The butanolic extract from the twigs of sea buckthorn at the final concentration of 50 pg/ml.

Plasma was also pre-incubated (5 min, at 37°C; for biomarkers of oxidative stress) with:

The phenolic fraction from the leaves of sea buckthorn at the final concentrations of 0.5-50 pg/ml;
The phenolic fraction from the twigs of sea buckthorn at the final concentrations of 0.5-50 pg/ml;

The nonpolar fraction from the leaves of sea buckthorn at the final concentrations of 0.5-50 pg/ml;
The nonpolar fraction from the twigs of sea buckthorn at the final concentrations of 0.5-50 pg/ml;

future science group 104155/fmc-2018-0144



Research Article

Skalski, Kontek, Olas, Zuchowski & Stochmal

e The butanolic extract from the leaves of sea buckthorn at the final concentration of 50 pg/ml;
o The butanolic extract from the twigs of sea buckthorn at the final concentration of 50 pg/ml;
e And then treated with 4.7 mM H,0;/3.8 mM Fe;SO4/2.5 mM EDTA (55 min, at 37°C).

The protein concentration, determined by measuring absorbance at 280 nm (in tested samples), was calculated
according to the procedure of Whitaker and Granum [12].

Markers of oxidative stress
Lipid peroxidation measurement

Plasma lipid peroxidation was quantified by measuring the concentration of TBARS (thiobarbituric acid reactive
substances). The TBARS concentration was calculated using the molar extinction coefficient (¢ = 156,000 M'cm™).
More details on the method are shown in various papers [13-15].

Carbonyl group measurement

The detection of carbonyl groups in plasma proteins was carried out according to Bartosz [14], Olas ez al. [15], and
Levine et al. 16).

Thiol group determination

The thiol group content in plasma proteins was measured spectrophotometrically (the SPECTROstar Nano
Microplate Reader, BMG LABTECH, Ortenberg, Germany) by absorbance at 412 nm with 5,5'-dithio-bis-(2-
nitrobenzoic acid). More details on the method are demonstrated in various papers [14,15,17,18].

Parameters Of hemostasis
The measurement of PT

The PT was determined coagulometrically using an Optic Coagulation Analyzer (model K-3002, Kselmed, Grudzi-
adz, Poland), according to the method described by Malinowska ez /. [19].

The measurement of TT

The TT was determined coagulometrically using an Optic Coagulation Analyser (model K-3002, Kselmed, Grudzi-
adz, Poland), according to the method described by Malinowska ez /. [19].

The measurement of APTT

The APTT was determined coagulometrically using an Optic Coagulation Analyser (model K-3002, Kselmed,
Grudziadz, Poland), according to the method described by Malinowska ez al. [19].

Data analysis

Several tests were used to carry out statistical analysis. In order to eliminate uncertain data, the Q-Dixon test
was performed. All the values in this study were expressed as mean =+ standard error. Obtained results were
first analyzed under the account of normality with Shapiro—Wilk test and equality of variance with Levine test.
Statistically significant differences were assessed by applying the ANOVA test (the significance level was p < 0.05),
followed by Tukey multiple comparisons test or Kruskal-Wallis test.

Results

Chemical characterization of the tested plant fractions

Hydrolysable tannins (most of all ellagitannins) were dominant constituents of the phenolic fraction of sea buckthorn
leaves (LF) (Tables 1, 2). Flavonoids were represented by different mono- and diglycosides of isorhamnetin, quercetin
and kaempferol, both simple and acylated. Kaempferol hexosides acylated with p-coumaric acid and isorhamnetin
diglycosides (deoxyhexoside-hexoside) acylated with rarely occurring (putative) linalool-1-oic acid were dominant
acylated flavonoids. The preparation also contained significant amounts of triterpene saponins (aglycones with
formulas C30Hys504, C30H46O4, C30H4s03) and unidentified polar compounds, as well as smaller portions of
triterpenes, acylated triterpenes and unidentified nonpolar compounds. In contrast, the nonpolar fraction (LL) was
composed mostly of hydrophobic compounds, like (Tables 1, 3) triterpenes and triterpene saponins, with smaller
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Table 1. The relative content of individual group of compounds in the phenolic fraction and in the non-

polar fraction of sea buckthorn leaf or twig, expressed as a percentage of the total peak area (corona-
charged aerosol detector).
Group of compounds Relative peak area (%)

The phenolic fraction of sea buckthorn leaf

Unidentified polar compounds 15.8
Gallocatechin 1.6
Hydrolysable tannins and ellagic acid 31.3
Flavonol glycosides 1.7
Acylated flavonol glycosidest 12.8
Unidentified nonpolar compounds 4.2
Triterpene saponins 15.0
Triterpenes 5.8
Acylated triterpenes® 1.8

The nonpolar fraction of sea buckthorn leaf

Unidentified polar compounds 1.2
Hydrolysable tannins 2.7
Flavonol glycosides 1.1
Acylated flavonol glycosidest 1.5
Unidentified nonpolar compounds 18.9
Triterpene saponins 3.5
Triterpenes 38.5
Acylated triterpenest 5.6

The phenolic fraction of sea buckthorn twig

Unidentified polar compounds 35.7
Hydrolysable tannins and ellagic acid 1.9
Proanthocyanidins and catechin 49.1
Flavonol glycosides 1.3
Acylated flavonol glycosidest 1.0
Unidentified nonpolar compounds 4.3
Triterpenes 5.4
Acylated triterpenes® 1.3

The nonpolar fraction of sea buckthorn twig

Unidentified polar compounds 3.8
Proanthocyanidins and catechin 1.3
Unidentified nonpolar compounds 36.5
Triterpenes 33.9
Acylated triterpenest 24.5

T Acylated with aliphatic or phenolic acids;
¥ Acylated with phenolic acids.

amounts of unidentified hydrophobic compounds and acylated triterpenes. Additionally, the preparation contained
small amounts of ellagitannins, flavonoids and unidentified polar compounds.

The phenolic fraction of sea buckthorn twigs (GF) was composed mainly from proanthocyanidins (B type)
and catechin. The fraction also had a high content of unidentified polar substances, and contained small amounts
of flavonoids, ellagitannins, ellagic acid, as well as triterpenes, acylated triterpenes and unidentified nonpolar
compounds (Tables 1, 4). The nonpolar fraction (GL) consisted mainly of triterpenes and acylated triterpenes, but
numerous other nonpolar constituents were not identified (Tables 1, 5). The fraction also contained remnants of
proanthocyanidins, catechin and unidentified polar compounds.

Effects on oxidative stress biomarkers in human plasma in vitro
As demonstrated in Figure 1A, only the phenolic fraction from twig reduced plasma lipid peroxidation stimulated
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Table 2. Secondary metabolites in the phenolic fraction of sea buckthorn leaves.
tg [min]
1.0

1.3
2.3
2.5

3.2
3.8
4.1
4.6
4.8
5.4
5.5
5.7
5.9
6.4
6.8
9.8
10.3
12.6
12.7
13.3
14.6
16.2
16.5
16.9
17.7
17.8
18.5
19.5
23.0

[M-H]. (m/2) [M-H] formula Tentative identification Relative peak area (%) Ref.
331.0665 Cy3H15010 GalA-Hex 2.1 -
305.0666 CisH1307 (Epi) gallocatechin 1.6 -
633.0734 Cy7H21018 Strictinin or isomer 5.2 [21,22]
935.0785 C41H7026 Stachyurin, casuarinin 10.3 [21,22]
1103.0858 CygH3103 Hippophaenin B or isomers -
785.0843 C34H502; Ellagitanin 1.5 -
935.0793 C41H27026 Casuarictin or isomer 3.4 [21,22]
1117.0998 Cg9H35031 Ellagitannin 1.6 -
1085.0731 C46H2903¢ Ellagitannin 1.4 -
300.9982 Ci4H50g Ellagic acid 1.2 -
609.1451 Cy7H29016 Q-3-O-rutinoside 1.3 [11]
463.0868 C31H19012 Q-Hex 1.3 -
623.1604 CygH31016 I-dHex-Hex 1.8 -
623.1606 CygH31016 1-3-0-Glc-7-O-Rha 2.0 [11]
961.2606 C44Ha9024 I-dHex-Hex-Hex-FerA 1.1 -
623.1607 Ca8H31016 I-3-O-rutinoside 1.1 [11]
593.1298 C30H25013 K-Hex-pCouA 23 [11]
593.1297 C30H25013 K-Hex-pCouA 1.2 -
789.2606 C3gH45018 |I-dHex-Hex-166 1.0 [11]
789.2602 C3gHs5018 I-dHex-Hex-166 1.9 [11]
1235.6061 Cs9Hos5057 Triterpene saponin 1.2 -
1381.6639 CesH105031 Triterpene saponin 1.1 -
1219.6106 Cs9Hos50426 Triterpene saponin 1.2 -
1459.7109 C71H11103¢ Triterpene saponin 2.1 -
1313.6519 CesH101027 Triterpene saponin 1.6 -
1401.7059 CeoH109029 Triterpene saponin 2.1 -
1297.6559 CesH101026 Triterpene saponin 1.6 -
487.3418 C30H4705 Triterpene 35 -
1239.6523 Ce3Hg9 024 Triterpene saponin 1.0 -
471.3474 C30H4704 Triterpene 1.3 [11]

The listed compounds correspond to UHPLC-charged aerosol detector peaks with area > 1% of the total peak area.
166: Linalool-1-oic acid; dHex: Deoxyhexose; FerA: Ferulic acid; GalA: Gallic acid; Glc: Glucose; Hex: Hexose; I: Isorhamnetin; K: Kaempferol; pCouA: p-Coumaric acid; Q: Quercetin;

Rha: Rhamnose.

by H,O,/Fe. However, the fraction’s activity has not been concentration-dependent (% of inhibition of this process
was about 15% for all tested concentrations). Moreover, the nonpolar fraction from twig (only at the highest used
concentration - 50 pg/ml) inhibited plasma lipid peroxidation induced by H,O,/Fe (Figure 1B). On the other
hand, in this model, the nonpolar fraction from leaf inhibited this process at all tested concentrations (Figure 1B).
The phenolic fraction and nonpolar fraction from twig were found to protect human plasma proteins against
H,0;/Fe-induced carbonylation (Figure 2A & B), for example, in the presence of the phenolic fraction at the
highest used concentration - 50 pg/ml, this process was reduced about 35% (Figure 2A). The nonpolar fraction
from leaf reduced this process only at the highest concentration - 50 pg/ml (Figure 2B). In addition, the phenolic
fraction from leaf had no effect on plasma protein carbonylation induced by H, O, /Fe (Figure 2A).

Another set of experiments, focused on the determination of protein thiols (Figure 2C & D), showed that only
the phenolic fraction from twig (at high tested concentrations: 5, 10 and 50 pg/ml) and the phenolic fraction from
leaf (at the highest tested concentration - 50 pg/ml) reduced the thiol oxidation induced by H, O, /Fe (Figure 2C).

Effects on hemostatic parameters of plasma

Analysis of the effect of the phenolic fractions and the nonpolar fractions from E. rhamnoides (L.) A. Nelson leaf
and twig (at a dose range 0.5-50 pg/ml; incubation time 30 min) on the coagulation properties of plasma showed
that the phenolic fraction from leaf significantly prolonged the PT (Figure 3A). Moreover, the nonpolar fraction
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Table 3. Secondary metabolites in the nonpolar fraction of sea buckt

tr [min] [M-H]. (m/2) [M-H]- formula Tentative identification Relative peak area (%) Ref.
2.5 935.0785, 1103.0858 Ca1H27026, CagH31034 Stachyurin, casuarinin hippophaenin 1.2 [21,22]
B or isomers
16.5 1459.7109 C71H111031 Triterpene saponin 1.6 -
16.7 1313.6537 Co5H101027 Triterpene saponin 1.8 -
16.9 1313.6541 CgsH101027 Triterpene saponin 2.0 -
17.7 1297.6602 CgsH101026 Triterpene saponin 1.300 -
17.7 1401.7086 CooH109029 Triterpene saponin 4.2 -
17.8 1297.6603 CgsH101026 Triterpene saponin 2.0 -
18.0 1151.6021 Cs9Hg1 022 Triterpene saponin 1.1 -
18.4 1255.6474 Cg3Hg9O25 Triterpene saponin 4.7 -
18.5 487.3440 C30H4705 Triterpene 18.3 -
19.5 1239.6549 Ce3Hg9024 Triterpene saponin 4.3 -
20.1 1093.5979 Cs7Hgg O30 Triterpene saponin 3.6 -
22.4 471.3479 C30H4704 Triterpene 2.1 [11]
22.4 471.3479 C30H4704 Triterpene 3.0 [11]
22.6 633.3793 C39Hs5307 Acylated triterpenet 2.2 [23]
23.0 471.3480 C30H4704 Triterpene 13.1 [11]
23.2 471.3481 C30H4704 Triterpene 71 [11]

The listed compounds correspond to UHPLC-charged aerosol detector peaks with area > 1% of the total peak area.
T Acylated with phenolic acids.

Table 4. Secondary metabolites in the phenolic fraction of sea buckthorn twigs.

tg [min] [M-H]. (m/2) [M-H] formula Tentative identification Relative peak area (%) Ref.
1.4 305.0659 CisH1307 (Epi)gallocatechin 6.8 [28]
1.5 593.1289 C30H25043 (Epi)C-(epi)GC 3.6 [29]
1.6 881.1921 Cy5H37049 (Epi)C-(epi)C-(epi)GC 1.8 [29]
1.8 881.1922 Cy5H3702 (Epi)C-(epi)C-(epi)GC 1.1 [29]
2.2 577.1340 C3oH25012 Dimeric proanthocyanidin 8.8 [27,29]
2.3 289.0709 Ci5H1306 Catechin 10.0 [28]
2.7 1153.2607 CeoHg9024 Tetrameric proanthocyanidin 2.9 [29]
3.1 865.1973 C45H37018 Trimeric proanthocyanidin 3.6 [27,29]
33 577.1344 C3oH25012 Dimeric proanthocyanidin 2.5 [27,29]
3.6 1153.2605 CooHa9024 Tetrameric proanthocyanidin 1.2 [29]
4.6 865.1973 C45H37018 Trimeric proanthocyanidin 1.4 [27,29]
4.8 300.9983 Cq4Hs0g Ellagic acid 1.2 -
1.3 582.2600 - Nitrogen-containing compound 1.6 -
11.8 612.2710 - Nitrogen-containing compound 2.0 -
121 642.2822 - Nitrogen-containing compound 3.2 -
12.5 672.2918 - Nitrogen-containing compound 3.9 -
18.5 487.3430 C30H4705 Triterpene 3.0 -

The listed compounds correspond to UHPLC-charged aerosol detector peaks with area > 1% of the total peak area.
(Epi)C: (Epi)catechin; (Epi)GC: (Epi)gallocatechin.

from twig also prolonged the APTT (Figure 3D). However, none of the tested fractions changed the TT (Figure 3E
& F).

Table 6 shows comparative action of the phenolic fractions, the nonpolar fractions and the butanolic extracts
from E. rhamnoides (L.) A. Nelson leaf and twig (at the concentration of 50 pg/ml) on biomarkers of oxidative stress
and parameters of coagulation. For example, the butanolic extract from twig had stronger antioxidant properties
(measured by the level of TBARS) than other tested fractions (from twig and leaf) (Table 6). On the other hand, in
the presence of the butanolic extract from the leaves, inhibition of protein carbonylation was stronger than other
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Table 5. Secondary metabolites in nonpolar fraction of sea buckthorn twigs.

tg [min] [M-H]. (m/2) [M-H] formula Tentative identification Relative peak area (%) Ref.
18.5 487.3437 C30H470s5 Triterpene 5.87 -
19.5 487.3428 C30H4705 Triterpene 1.53 -
22.5 471.3469 C30Hs704 Triterpene 3.38 [11]
23.0 471.3464 C30Ha704 Triterpene 6.45 [11]
23.2 471.3470 C30Ha704 Triterpene 8.46 [11]
24.9 617.3839 C39Hs5306 Acylated triterpene’ 1.86 [23]
25.1 617.3836 C39Hs5306 Acylated triterpene’ 3.14 [23]
25.3 617.3842 C39Hs5306 Acylated triterpene’ 2.82 [23]
25.4 617.3846 C39Hs5306 Acylated triterpene’ 2.04 [23]
25.8 455.3527 C30Hy4703 Triterpene 2.33 -
26.0 617.3839 C39Hs5306 Acylated triterpenet 11.47 [23]

The listed compounds correspond to UHPLC-charged aerosol detector peaks with area > 1% of the total peak area.
T Acylated with phenolic acids.

Table 6. Comparative effects of phenolic fractions, nonpolar fractions, butanolic extracts from sea buckthorn twig

and leaf at the highest tested dose (50 ug/ml) on selected parameters of oxidative stress and hemostasis.

Parameters of oxidative stress Parameters of hemostasis

Inhibition of lipid Increase of protein Inhibition of protein Prolongation of Prolongation of Prolongation of

peroxidation induced thiol groups in plasma carbonylation induced  APTT (%) PT (%) TT (%)

by H,0; /Fe (%) treated with H,0, /Fe by H,0, /Fe (%)

(%)
Phenolic fraction from twig 199+ 45(p>0.05a 75.0+189(p<0.05a 334+6.7(p>0.05a - - -
(a) vs b, e, f) vs d) vs b, ¢, e)
Non-polar fraction from twig ~ 20.9 +2.5(p >0.05;b - 28.1+49(p>0.05b 53424 - -
(b) vs e, f) Vs C) (p >0.05; b vs f)
Butanolic extract from twig 38.9+£85(p<0.05c - 304 +£82(p>0.05¢c 21.3£57 - -
() vsa, b, e, f) vs d) (p <0.05; cvs b,
f)
Phenolic fraction from leaf (d) - 55.7 +17.9 - - 89+44 -
Nonpolar fraction from leaf 255+6.3(p>0.05¢e - 26.4+5.4 - - -
(e) vs f)
Butanolic extract from leaf (f)  25.7 + 10.7 - 412 +9.7(p<0.05f 9.8+34 - -
vsa, b, c e)

Results are given as means =+ standard error (n = 5-10).
APTT: Activated partial thromboplastin time; PT: Prothrombin time; TT. Thrombin time.

fractions (Table 6). Moreover, only phenolic fractions from twig and leaf reduced the oxidation of protein thiols in
plasma treated with H,O, /Fe (Table 6), and the phenolic fractions from twig had stronger effect on this process
than the phenolic fraction from leaf (Table 6).

We observed that butanolic extract from twig prolonged APTT stronger than butanolic extract from leaf or
the nonpolar fraction from twig (Table 6). In addition, only the phenolic fraction from left statistically significant
prolonged PT (Table 6).

Discussion

Modern phytotherapy (uses in prophylaxis and treatment of different diseases, including cardiovascular diseases)
often recommends the use of various parts of plants in the form of standardized preparations containing purified and
concentrated bioactive components, for example, phenolic compounds. Our previous experiments have established
that standardized phenolic fraction (rich in nonacylated and acylated flavonoids and nonpolar compounds) and
standardized nonpolar fraction from sea buckthorn berries are able to reduce the oxidative stress in human plasma
in vitro. Moreover, we have observed that especially triterpenes and their derivatives possess antioxidant activity [15].
Results of Michel ez al. 20 indicate that other parts of sea buckthorn (leaf, stem, root and seed) have different
biological properties. The main objective of our present studies was to examine chemical composition, antioxidant
and anticoagulant properties of phenolic fraction and nonpolar fraction from sea buckthorn leaf and twig. LC—
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Figure 1. Effects of the phenolic fractions (A) and the nonpolar fractions (B) of E. rhamnoides (L.) A. Nelson leaf and
twig (0.5-50 pig/ml) on plasma lipid peroxidation induced by H,0,/Fe. In these experiments, the TBARS level (a
marker of lipid peroxidation) in control samples (plasma treated with H,0O,/Fe) was 1.621 + 0.344 nmol TBARS/ml of
plasma, and was expressed as 100% of TBARS level. Data represent means =+ standard error of 5-10 independent
experiments. * p < 0.05 (vs control), n.s. (not statistical) - p > 0.05 (vs control).

n.s.: Not statistical; TBARS: Thiobarbituric acid reactive substances.

MS analysis demonstrated very significant differences in chemical composition of the tested fractions from sea
buckthorn leaves and twigs. Hydrolysable tannins, flavonoids, triterpene saponins and some unidentified polar
compounds were the dominant compounds in the phenolic fraction of sea buckthorn leaves. Triterpenes, their
acylated derivatives and triterpene saponins were main constituents of the nonpolar fraction of sea buckthorn
leaves. While phenolic compounds of sea buckthorn leaves, including ellagitannins and acylated flavonoids, have
been well characterized in the literature [10,11,21,22], data about their less polar constituents are scarce. Triterpenes
and acylated triterpenes are similar to those detected in the sea buckthorn fruit, or isolated from the sea buckthorn
bark leaves [11,19,23]. In contrast, though the presence of triterpene saponins in sea buckthorn leaves was discovered
before, on the basis of simple laboratory tests [24], it seems these compound were not described in more detail

in the available literature. However, triterpene saponins of similar kind were earlier isolated from sea buckthorn
seeds [25,26].
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Figure 2. Effects of the phenolic fractions (A & C) and the nonpolar fractions (B & D) of E. rhamnoides (L.) A. Nelson leaf and twig
(0.5-50 ng/ml) on plasma protein carbonylation and oxidation of thiol groups induced by H,0,/Fe. For protein carbonylation, the level
of carbonyl groups (a marker of protein oxidation) in control samples (plasma treated with H,0O,/Fe) was 38.4 & 4.1 nmol carbonyl
group/mg of plasma protein, and was expressed as 100% of level of carbonyl groups. For thiol groups, control negative (neg) refers to
plasma not treated with H,0O,/Fe, whereas control positive (pos) to plasma treated with H,O,/Fe. Data represent means =+ standard error
of 5-10 independent experiments. * p < 0.05 (vs control), n.s. - p > 0.05 (vs control).

n.s.: Not statistical

Proanthocyanidins and catechin were the dominant compounds in the phenolic fraction of sea buckthorn twigs.
Unlike the phenolic fraction of sea buckthorn leaves, it contained only trace amounts of flavonoids and practically
devoid of saponins. Similar flavan-3-ols and proanthocyanidins were earlier detected in sea buckthorn bark, twigs
and fruit (27-29]. As regards the nonpolar fraction, consisting mainly of triterpenes and acylated triterpenes, the twig
triterpenes and acylated triterpenes were generally similar to those from sea buckthorn leaves (as described above),
bark and fruit 19,23).

The composition of the leaf and the twig fractions appears to offer promise with regard to their potential
application as antioxidant and anticoagulant agents, which may be used in prophylaxis and treatment of cardio-
vascular diseases. It is important that in our in vitro model, the range of tested concentrations of tested plant
fractions (0.5-50 pg/ml) in human plasma may be achieved by way of their oral supplementation 30,31]. The
antioxidant properties of the four tested fractions were verified in biological model — in human plasma exposed
to oxidative stress induced by physiological oxidant, H,O,/Fe in vitro. The present experiment employs the three
parameters frequently used in research on oxidative stress — the level of TBARS, and levels of carbonyl and thiol
groups to study some of these effects on lipid peroxidation and protein damages. Our results revealed differences
in antioxidant activity between the phenolic fraction and the nonpolar fraction from sea buckthorn leaf in plasma
treated with H,O, /Fe. For example, it is demonstrated by our tests that the nonpolar fraction from leaf exerted
stronger inhibitory action on H,O,/Fe — induced plasma lipid peroxidation than the phenolic fraction from
leaf, especially at the dose 50 pg/ml (e.g., the inhibition of lipid peroxidation was about 25% for the nonpolar
fraction). In addition, the nonpolar fraction (rich in triterpenes and their derivatives) from sea buckthorn twig, like
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Effects of the phenolic fractions (A, C & E) and the nonpolar fractions (B, D & F) of E. rhamnoides (L.) A. Nelson leaf and twig

(0.5-50 ug/ml) on selected hemostatic parameters of plasma: APTT, PT and TT. Data represent means + standard error of 7-10
independent experiments. * p < 0.05 (vs control), n.s. - p > 0.05 (vs control).
APTT: Activated partial thromboplastin time; n.s. Not statistical; PT: Prothrombin time; TT: Thrombin time.

leaf had antioxidant properties (measured by the level of TBARS and carbonyl groups) in human plasma treated
with H,O, /Fe. These results are generally in line with literature reports. For example, results of Yang et al. [23)
demonstrated the antioxidant activity of triterpenoids isolated from branch bark of extract of sea buckthorn. On
the other hand, we observed that the phenolic fractions from leaf and twig had stronger protector actions on thiol
group oxidation in plasma treated with H,O, /Fe than the nonpolar fractions. However, only the phenolic fraction
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from sea buckthorn twig reduced plasma lipid peroxidation and protein carbonylation. We suppose that strong
antioxidant potential of the phenolic fractions from twig (observed in three used tests) may depend on the presence
of proanthocyanidins and catechin. It is important that proanthocyanins are known to be one of the most powerful
natural antioxidants.

A novel finding of this study is that only the phenolic fraction from sea buckthorn left prolonged the clotting
time — the PT (which is a measure of the efficiency of extrinsic coagulation system). We suppose that anticoagulant
properties of this fraction may be associated with the modulation prothrombin activity or clotting factors V, VII and
X by bioactive compounds presented in this fraction. For the first time, we demonstrated that the nonpolar fraction
from sea buckthorn twig has also anticoagulant properties, because it prolongs the APTT, which is a measure of
the efficiency of the intrinsic mechanism of activation of prothrombin, excluding blood platelets. We may suppose
that triterpenes, acylated triterpenes or some unidentified nonpolar compounds had the greatest impact on APTT,
being the major constituents of the fraction.

Our present experiment shows that sea buckthorn leaf and twig are a rich source of secondary metabolites
possessing antioxidant and anticoagulant activities, but the effect of pure compound (which are presented at the
highest concentrations) still remain to be examined. However, greater beneficial actions have been associated with
the antioxidants obtained from whole plant extracts, fractions or other products than those obtained singly (32,33].
We suggest that especially the phenolic fraction from sea buckthorn twig can be a new source of natural components,
demonstrating antioxidant properties. In addition, the nonpolar fraction from sea buckthorn twig (rich in triterpenes
and acylated triterpenes) is also promising plant material exerting not only antioxidant, but also anticoagulant
properties, beneficial in the prophylaxis and treatment of cardiovascular disorders. However, the identification of
individual secondary metabolites, which are responsible for different biological properties (including their effects
on blood platelet functions, which are engaged in hemostasis and pathological conditions (e.g., atherosclerosis))
of sea buckthorn leaf and twig should be done in further. In addition, our experiments would further determine
the possible effects of used fractions on the level of glutathione and activity of antioxidant enzymes (in plasma and
blood cells) and mechanism behind their antioxidant properties.

Future perspective

The obtained results may help to better understand mechanism of bioactivity of preparations obtained from sea
buckthorn. It may also contribute to the broader use of different parts of this useful plant as a source of nutraceuticals
or medicinal compounds. Sea buckthorn fruits are often harvested by cutting whole twigs, so the use of twigs and
leaves of this plant as a source of bioactive secondary metabolites could be also a way to manage harvest waste.

Summary points

Sea buckthorn & health
e Sea buckthorn berries are recognized as a rich source of health — promising substances including phenolic
compounds.

e Other parts of sea buckthorn — leaves and twigs also contain phenolic compounds.

Chemical profile & biological activity (in vitro) of sea buckthorn
e The phenolic and nonpolar fractions of leaves and twigs were investigated.

e LC-MS analysis showed significant differences in chemical composition of tested fractions.
e Tested fractions had different biological properties, including antioxidant and anticoagulant activities in vitro.
e Both fractions of twigs reduced H,0,/Fe-induced human plasma protein carbonylation.

Acknowledgements
The authors would like to thank M Kowalczyk for performing the UHPLC-MS analyses and M Sobolewski (student, Faculty of
Biology and Environmental Protection, University of Lodz) for skilled technical assistance.

Financial & competing interests disclosure
This work was supported by National Science Centre, Poland 2015/19/B/NZ9/03164. The authors have no other relevant affilia-
tions or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter
or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

10.4155/fmc-2018-0144 Future Med. Chem. (Epub ahead of print) future science group .

fsg



Action of sea buckthorn leaf & twig fractions

References

Papers of special note have been highlighted as: e of interest; e of considerable interest

1.

AN A

17.

18.

20.

21.

22.

23.

24.

25.

26.

Zheng RX, Xu XD, Tian Z, Yang JS. Chemical constituents from the fruits of Hippophae rhamnoides. Nat. Prod. Res. 23, 1451-1456
(2009).

Suryakumar G, Gupta A. Medicinal and therapeutic potential of sea buckthorn (Hippophae rhamnoides L.). J. Ethnopharmacol. 138,
268-278 (2011).

Christaki E. Hippophae rhamnoides L (sea buckthorn): a potential source of nutraceuticals. Food & Public Health 2, 69-72 (2012).
Malinowska P, Olas B. Sea buckthorn — valuable plant for health. Kosmos 2, 288-292 (2016).
Olas B. Sea buckthorn as a source of important bioactive compounds in cardiovascular diseases. Food Chem. Toxicol. 97, 199-204 (2016).

Upadhyay NK, Kumar R, Mandotra SK ez /. Safety and wound healing efficacy of sea buckthorn (Hippophae rhamnoides L.) seed oil in
experimental rats. Food Chem. Toxicol. 47, 11461153 (2009).

Lee HI, Kim MS, Lee KM ez al. Anti-visceral obesity and antioxidant effects of powdered sea buckthorn (Hippophae rhamnoides L.) leaf
tea in diet-induced obese mice. Food Chem. Toxicol. 49, 2370-2376 (2011).

Sadowska B, Budzynska A, Stochmal A, Zuchowski J, Rozalska B. Novel properties of Hippophae rbamnoides L. twig and leaf extracts —
anti-virulence action and synergy with antifungals studied 77 vitro on Candida spp. model. Microb. Pathog. 107, 372-379 (2017).

Fang R, Veitch NC, Kite GC, Porter EA, Simmonds MS. Enhanced profiling of flavonol glycosides in the fruits of sea buckthorn
(Hippophae rhamnoides). ]. Agric. Food Chem. 61, 3868-3875 (2013).

Pop RM, Socaciu C, Pintea A ez 2. UHPLC/PDA-ESI/MS analysis of the main berry and leaf flavonol glycosides from different
Carpathian Hippophaé rhamnoides L. varieties. Phytochem. Anal. 24, 484-492 (2013).

Yang ZG, Wen XF, Li YH, Matsuzaki K, Kitanaka S. Inhibitory effects of the constituents of Hippophae rhamnoides on 3T3-L1 cell
differentiation and nitric oxide production in RAW264. 7 cells. Chem. Pharm. Bull. 61, 279-285 (2013).

Whitaker JR, Granum PE. An absolute method for protein determination based on difference in absorbance at 235 and 280 nm. Anal.
Biochem. 109, 156-159 (1980).

Wachowicz B. Adenine nucleotides in thrombocytes of birds. Cell. Biochem. Funct. 2, 167170 (1984).

Bartosz G. Druga Twarz Tlenu. PWN, Warszawa 1.7, Germany, 99-120 (2008).

Olas B, Zuchowski ], Lis B ez 2. Comparative chemical composition, antioxidant and anticoagulant properties of phenolic fraction (a
rich in non-acylated and acylated flavonoids and non-polar compounds) and non-polar fraction from Elaeagnus rbamnoides (L.) A.
Nelson fruits. Food Chem. 247, 39—45 (2018).

The work is particularly interesting because it describes the effect of extracts from various branches of sea buckthorn on
oxidative stress and selected parameters of hemostasis.

Levine RL, Garland D, Oliver CN ez al. Determination of carbonyl content in oxidatively modified proteins. Methods Enzymol. 186,
464-478 (1990).

Ando Y, Steiner M. Sulphydryl and disulphide groups of platelet membranes: determination of sulphydryl groups. Biochim. Biophys. Acta
311, 38-44 (1973).

Ando Y, Steiner M. Sulphydryl and disulphide groups of platelet membranes: determination of disulphide groups. Biochim. Biophys. Acta
311, 26-37 (1973).

Malinowska J, Kotodziejczyk-Czepas ], Moniuszko-Szajwaj B ez al. Phenolic fractions from Trifolium pallidum and Trifolium scabrum
aerial parts in human plasma protect against changes induced by hyperhomocysteinemia. Food Chem. Toxicol. 50, 40234027 (2012).

Michel T, Destandan E, Le Floch G, Lucchesi ME, Elfakir C. Antimicrobial, antioxidant and phytochemical investigations of sea
buckthorn (Hippophae rhamnoides L.) leaf, stem, root and seed. Food Chem. 131, 754-760 (2012).

Moilanen J, Sinkkonen J, Salminen JP. Characterization of bioactive plant ellagitannins by chromatographic, spectroscopic and mass

spectrometric methods. Chemoecology 23, 165-179 (2013).

Moilanen J, Koskinen P, Salminen JP. Distribution and content of ellagitannins in Finnish plant species. Phytochemistry 116, 188-197
(2015).

Yang ZG, Li HR, Wang LY ez al. Triterpenoids from Hippophae rhamnoides L. and their nitric oxide production-inhibitory and DPPH
radical-scavenging activities. Chem. Pharm. Bull. 55, 15-18 (2007).

Gupta D, Kaul V. Qualitative analysis of bioactive compounds in leaves of Hippophae rhamnoides L. Natl Acad. Sci. Letz. 36, 477-481
(2013).

Chen C, Gao W, Cheng L, Shao Y, Kong DY. Four new triterpenoid glycosides from the seed residue of Hippophae rhamnoides subsp.
sinensis. J. Asian Nat. Prod. Res. 16, 231-239 (2014).

Gao W, Chen C, Zhang J, Cheng L, Kong DY. Two new triterpene saponins from the seed residue of Hippophae rhamnoides L. Helv.
Chim. Acta 98, 60-66 (2015).

Research Article

future science group

104155/fmc-2018-0144



Research Article  Skalski, Kontek, Olas, Zuchowski & Stochmal

27. XuX, Xie B, Pan S ¢z al. A new technology for extraction and purification of proanthocyanidins derived from sea buckthorn bark. /. Sei.
Food Agric. 86, 486—492 (2006).

28. Yasukawa K, Kitanaka S, Kawata K, Goto K. Anti-tumor promoters phenolics and triterpenoid from Hippophae rhamnoides. Fitoterapia
80, 164-167 (2009).

e  The mentioned article is particularly interesting because it draws attention to the anticancer properties of plant compounds.

29. Kallio H, Yang W, Liu P, Yang B. Proanthocyanidins in wild sea buckthorn (Hippophae rhamnoides) berries analyzed by reversed-phase,
normal-phase, and hydrophilic interaction liquid chromatography with UV and MS detection. /. Agric. Food Chem. 62, 77217729
(2014).

30. Manach C, Scalbert A, Morand C, Remsey C, Jimenez L. Polyphenols: food sources and bioavailability. Am. J. Clin. Nutr. 79, 727-747
(2004).

31. Manach C, Williamson G, Morand C, Scalbert A, Remsey C. Bioavailability and bioafficacy of polyphenols in humans. I. Review of 97
bioavailability studies. Am. J. Clin. Nuztr. 81, 230-242 (2005).

32. Eberhardt MV, Lee CY, Liu RH. Nutrition — antioxidant activity of fresh apples. Nazure 405, 903-904 (2000).

33. Nayak B, Liu RH, Tang J. Effect of processing on phenolic antioxidants of fruits, vegetables, and grains — a review. Crit. Rev. Food Sci.
Nutr. 55, 887-919 (2015).

10.4155/fmc-2018-0144 Future Med. Chem. (Epub ahead of print) future science group



Food and Chemical Toxicology 125 (2019) 614-620

Contents lists available at ScienceDirect -3 Food and
Toxicology
Food and Chemical Toxicology
journal homepage: www.elsevier.com/locate/foodchemtox oo

Isorhamnetin and its new derivatives isolated from sea buckthorn berries
prevent H,O,/Fe — Induced oxidative stress and changes in hemostasis

Check for
updates

Bartosz Skalski®, Bernadetta Lis”, Lukasz Pecio”, Bogdan Kontek”, Beata Olas™",
Jerzy Zuchowski®, Anna Stochmal”

& Department of General Biochemistry, Faculty of Biology and Environmental Protection, University of £6d%, 90-236, £6d%, Poland
Y Department of Biochemistry, Institute of Soil Science and Plant Cultivation, State Research Institute, 24-100, Putawy, Poland

ARTICLE INFO ABSTRACT

The objective of this study is to investigate the biological effects of phenolic compounds extracted from the sea
buckthorn berries on oxidative stress and hemostasis. The sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson)
berries are rich in flavonoids and non-polar compounds. In this study, the activity of the phenolic fraction from
the sea buckthorn berries was evaluated in vitro in comparison with three phenolic compounds: isorhamnetin
(compound 1) and its two new derivatives: compound 2 (isorhamnetin 3-O-beta-glucoside-7-0O-alfa-rhamnoside)
and compound 3 (isorhamnetin 3-O-beta-glucoside-7-0-alfa-(3”-isovaleryl)-rhamnoside). The impact of these
phenolic compounds and the phenolic fraction against the effect of the donor of hydroxyl radicals - H,O,/Fe on
proteins and lipids in human plasma was measured. Additionally, the aim of the study was to determine the
effect of these phenolic compounds and the phenolic fraction on various typical hemostasis parameters. Our
results show that the used derivatives of isorhamnetin possess different biological properties (e.g. antioxidant,
anti-platelet and anticoagulant). The tested compounds can be seen as new natural beneficial compounds to be
used in prevention and treatment of cardiovascular diseases.

Keywords:

Isorhamnetin

Oxidative stress

Elaeagnus rhamnoides (L.) A. Nelson
Sea buckthorn

Phenolic compounds

Hemostasis

1. Introduction

For a long time, herbal remedies have been used as therapeutics due
to their relatively fewer side effects, however, the knowledge on their
biological effects is yet limited. Various organs of Elaeagnus rhamnoides
(L.) A. Nelson (sea buckthorn), including berries, are a rich source of
bioactive compounds, including phenolic compounds, which are ben-
eficial for human health (Malinowska and Olas, 2016; Olas, 2016 and
2018a and b). Nevertheless, the effect of different organs of sea buck-
thorn on components of hemostasis (e.g. plasma, blood platelets or
other blood cells), is not yet clear. Moreover, most of the studies have
been carried out using different kinds of extracts or fractions from the
sea buckthorn. Their composition has not always been determined ei-
ther, and their bioactive constituents have not been identified, in-
cluding in the manuscripts by Michel et al. (2012) and Chen et al.
(2013). Our earlier results demonstrated that the phenolic fraction (rich
in non-acylated and acylated flavonols and non-polar compounds) from
the sea buckthorn berries acts as an antioxidant and anticoagulant (Olas
et al., 2018). In addition, using LC-MS analysis we were able to observe
that various glycosides of isorhamnetin and quercetin, including com-
pounds acylated with an unidentified aliphatic acid, were the dominant
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E-mail address: beata.olas@biol.uni.lodz.pl (B. Olas).
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constituents of this fraction (Olas et al., 2018).

Various berries, including the sea buckthorn berries, are potent
candidates for functional food products especially bearing in mind the
fact that epidemiological studies indicate that diets rich in berry phe-
nolic antioxidants may reduce the oxidative stress (Olas, 2018b). In
addition, berries (in different forms: fresh, juice or medicinal product)
may play an important role in the modulation of hemostasis, in parti-
cular the various steps of blood platelet activation, including blood
platelet aggregation (Olas, 2017). In this study, we focused on biolo-
gical actions of two isorhamnetin derivatives: compound 2 (iso-
rhamnetin 3-O-beta-glucoside-7-O-alfa-rhamnoside) and compound 3
(isorhamnetin 3-O-beta-glucoside-7-0-alfa-(3"-isovaleryl)-rhamno-
side), which were isolated from the phenolic fraction from the sea
buckthorn berries (Zuchowski et al. (sub.)) (Fig. 1). The action of iso-
rhamnetin derivatives was compared to biological effects of iso-
rhamnetin - compound 1, which, among others, protects human retinal
pigment epithelium cells from oxidative stress induced by H,O, (Wang
et al., 2018), and the phenolic fraction, which was used to isolate the
tested phenolic compounds. Biological properties were studied in vitro
using various tests (based on human plasma and human blood platelets)
to observe its protective properties against oxidative damage to protein
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Fig. 1. Chemical structure of isorhamnetin (compound 1) and its derivatives:
compound 2 (isorhamnetin 3-O-beta-glucoside-7-0O-alfa-rhamnoside) and com-
pound 3 (isorhamnetin 3-O-beta-glucoside-7-0O-alfa-(3”-isovaleryl)-rhamno-
side) isolated from the phenolic fraction of E. rhamnoides (L.) A. Nelson berries.

and lipid components of plasma, as well as their influence on the he-
mostasis: selected parameters of coagulation - the activated partial
thromboplastin time (APTT), prothrombin time (PT), and thrombin
time (TT); and one of the steps of blood platelet activation — platelet
aggregation stimulated by various physiological agonists (ADP, col-
lagen and thrombin), because oxidative stress is involved in patho-
genesis of numerous diseases, including cardiovascular disorders,
which, in addition, are very often associated with changes in hemos-
tasis. Moreover, the objective was also to investigate the value of iso-
rhamnetin, its derivatives and the examined phenolic fraction as po-
tential functional food ingredients, since no undesired or toxic effects
(including hematological or chemical effects) have been associated with
the consumption of various berries (e.g. sea buckthorn berries) or their
products (Olas, 2017 and 2018b).

2. Material and methods
2.1. Chemicals

Dimethylsulfoxide (DMSO), thiobarbituric acid (TBA), thrombin,
formic acid (LC-MS grade), isorhamnetin, and H,O, have been pur-
chased from Sigma (St. Louis, MO., USA). Methanol (isocratic grade)
and acetonitrile (LC-MS grade) have been acquired from Merck
(Darmstadt, Germany). Other reagents represented analytical grade and
were provided by commercial suppliers, including POCh, (Poland),
Acros (Poland), and Chempur (Poland). Adenosine-5’-diphosphate
(ADP) and collagen have been purchased from Chrono-Log (USA).

Derivatives of isorhamnetin: compound 2 and 3 were isolated from
the phenolic fraction from sea buckthorn berries as described earlier
(Zuchowski et al. (sub.)).

Food and Chemical Toxicology 125 (2019) 614-620

2.2. Plant material

The sea buckthorn (E. rhamnoides (L.) A. Nelson) berries have been
obtained from a horticultural farm in Sokétka, Podlaskie Voivodeship,
Poland (53°24’N, 23°30’E). The fruits were ground frozen in a meat
grinder, lyophilized (Gamma 2-16 LSC, Christ, Osterode am Harz,
Germany), and stored in a refrigerator.

2.3. Preparation and quantification of the phenolic fraction

The phenolic fraction of the sea buckthorn berries was prepared as
described above (Olas et al., 2018). Various glycosides of isorhamnetin
and quercetin, including compounds acylated with an unidentified
aliphatic acid, were the dominant constituents of this fraction. More-
over, the preparation also contained small amounts of putative tri-
terpenes and acylated triterpenes (Olas et al., 2018).

2.4. Stock solutions of tested compounds and plant fraction

Stock solutions of the E. rhamnoides (L.) A. Nelson phenolic frac-
tions, isorhamnetin and its derivatives were made in 50% DMSO. The
final concentration of DMSO in samples was lower than 0.05% and its
effects were determined in all experiments.

2.5. Blood samples

Fresh human blood or plasma have been obtained from regular,
medication-free donors from the Regional Center for Transfusion
Medicine in Lodz (Poland) as well as peripheral blood from non-
smoking men and women (collected into CPD solution (citrate/phos-
phate/dextrose; 9:1; v/v blood/CPD) or CPDA solution (citrate/phos-
phate/dextrose/adenine; 8:5:1; v/v; blood/CPDA)). All samples were
drawn in the morning from fasting donors. Donors had not taken any
medications or addictive substances (including alcohol, tobacco, anti-
oxidant supplementation, aspirin or any other anti-platelet drugs) prior
to the blood collection. Our analysis of the blood samples was per-
formed under the guidelines of the Helsinki Declaration for Human
Research. Moreover, the protocol was approved by the Committee for
Research on Human Subjects of the University of Lodz number 3/KBBN-
UL/11/2016.

2.6. Isolation of plasma and blood platelets

Human platelet-rich plasma (PRP) and blood platelets were isolated
by differential centrifugation of blood as described by Wachowicz and
Kustron (1992). The platelet pellet was washed with modified Tyrode's
buffer (pH 7.4) twice; afterwards, the platelets were suspended in the
same buffer. The concentration of platelets in suspensions (used in the
experiments), estimated spectrophotometrically (Walkowiak et al.,
1989), amounted to 2.5-3 X 108/mL. Suspensions of blood platelets or
plasma were incubated (30 or 60 min, at 37 °C) with:

- E. rhamnoides (L.) A. Nelson fraction, isorhamnetin and its deriva-
tives at the final concentrations of 5 and 10 pg/mL

- E. rhamnoides (L.) A. Nelson fraction, isorhamnetin and its deriva-
tives at the final concentrations of 5 and 10 pg/mL plus 4.7 mM
H,0,/3.8 mM Fe,S0,4/2.5 mM EDTA.

The protein concentration was calculated according to the proce-
dure devised by Whitaker and Granum (1980), on the basis of absor-
bance measurements at 280 nm (in tested samples).

2.7. Markers of oxidative stress

2.7.1. Lipid peroxidation measurement
Lipid peroxidation was quantified by measuring the concentration
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of TBARS. Incubation of plasma (control, plant fraction/tested com-
pound and H,0,/Fe-treated plasma) was stopped by cooling the sam-
ples in an ice bath. Samples of plasma were transferred to an equal
volume of cold 15% (v/v) trichloroacetic acid in 0.25 M HCI and 0.37%
thiobarbituric acid in 0.25 M HCI, immersed in a boiling water bath for
10min, and then centrifugated at 10,000xg for 15min, 18°C.
Absorbance was measured at 535nm (the SPECTROstar Nano
Microplate Reader - BMG LABTECH Germany) (Wachowicz, 1984;
Bartosz, 2008). The TBARS concentration was calculated using the
molar extinction coefficient (¢ = 156,000 M~ *em™1).

2.7.2. The carbonyl group measurement

The detection of carbonyl groups in proteins was carried out ac-
cording to Levine et al. (1990) and Bartosz (2008). The carbonyl group
concentration was calculated using a molar extinction coefficient
(e = 22,000 M~ 'ecm ™), and the level of carbonyl groups was expressed
as nmol carbonyl groups/mg of protein. Carbonyl content was de-
termined using the SPECTROstar Nano Microplate Reader- BMG LAB-
TECH Germany.

2.7.3. The thiol group determination

The thiol group content was measured spectrophotometrically (the
SPECTROstar Nano Microplate Reader- BMG LABTECH Germany) by
absorbance at 412nm with Ellman's reagent: 5,5’-dithio-bis-(2-ni-
trobenzoic acid). The thiol group concentration was calculated using a
molar extinction coefficient (¢ = 13,600 M~ 'cm ') (Ando and Steiner,
1973a and b; Bartosz, 2008). The level of thiol groups was expressed as
nmol thiol groups/ml of plasma.

2.8. Parameters of hemostasis

2.8.1. The measurement of prothrombin time

Human plasma (50 pL) was added to measuring cuvette and in-
cubated for 2 min at 37 °C on a block heater. The measuring cuvette was
transferred to the measuring holes and 100 pL of Dia-PT liquid (com-
mercial thromboplastin) was added. The PT was determined coagulo-
metrically (Optic Coagulation Analyser model K-3002; Kselmed,
Grudziadz, Poland) (Malinowska et al., 2012).

2.8.2. The measurement of thrombin time

Human plasma (50 pL) was added to a measuring cuvette and in-
cubated for 1 min at 37 °C on a block heater. The measuring cuvette was
transferred to the measuring holes and 100 pL of thrombin was added
(final concentration - 5 U/mL). The TT was determined coagulome-
trically (Optic Coagulation Analyser model K-3002; Kselmed,
Grudziadz, Poland) (Malinowska et al., 2012).

2.8.3. The measurement of APTT

Human plasma (50 pL) was added to a measuring cuvette and in-
cubated with 50 uL of Dia-PTT liquid (commercial preparation) for
3 minat 37 °C on block heater. The measuring cuvette was transferred
to the measuring holes and 50 pL of 25 mM CaCl, was added. The APTT
was determined coagulometrically (Optic Coagulation Analyser model
K-3002; Kselmed, Grudziadz, Poland) (Malinowska et al., 2012).

2.8.4. The measurement of blood platelet aggregation

Platelet aggregation was measured turbidimetrically in PRP or
blood platelets in Tyrode's buffer using the optical Chrono-Log ag-
gregometer (Chrono-Log, Havertown, PA, USA).

After the pre-incubation procedure for the PRP samples, ADP
(10puM) or collagen (2pg/mL) were added and blood platelet ag-
gregation measured for 10 min. The aggregometer was calibrated each
time (100% aggregation) on blood platelet poor plasma (PPP).

After the pre-incubation procedure for the blood platelet samples,
thrombin (1 U/ml) was added and blood platelet aggregation measured
for 10min. The aggregometer was calibrated each time (100%
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aggregation) on Tyrode's buffer.
2.9. Data analysis

Statistical analysis was carried out using several tests. In order to
eliminate uncertain data, the Q-Dixon test was performed. All the va-
lues in this study were expressed as a mean value = SEM (n = 3-12
independent experiments). The statistically significant differences were
assessed by applying the paired Student's t-test or by applying one-way
ANOVA test followed by a multicomparison Tukey's test; and the sig-
nificance level was p < 0.05.

3. Results

3.1. Effects of phenolic compounds/phenolic fraction from E. rhamnoides
(L.) A. Nelson berries on oxidative stress markers in human plasma

In comparison to the control (control (neg) — untreated) samples,
H,0,/Fe stimulated plasma exhibited a markedly raised concentration
of TBARS (the marker of lipid peroxidation) and carbonyl groups in
plasma proteins (the marker of protein oxidation), as well as a decrease
in thiol groups in plasma proteins (the marker of protein oxidation)
(Fig. 2). In the presence of isorhamnetin and its derivatives: compound
2 and 3 (at concentrations: 5 and 10 pg/mL), plasma lipid peroxidation
induced by H,0,/Fe was significantly reduced (Fig. 2A). All used
phenolic compounds effectively reduced plasma lipid peroxidation by
about 30% at 10 pg/mL (for isorhamnetin and compound 3) and about
40% at 10 pg/mL (for compound 2) (Fig. 2A, Table 1). In this model,
compound 2 (at the highest used concentration — 10pg/mL) had
stronger antioxidant properties than isorhamnetin and compound 3
(Fig. 2A, Table 1). However, the phenolic fraction from E. rhamnoides
(L.) A. Nelson berries (at both tested concentrations: 5 and 10 pg/mL)
did not change the level of plasma lipid peroxidation induced by H,O5/
Fe (Fig. 2A).

Compound 2 and 3, and the phenolic fraction from E. rhamnoides
(L.) A. Nelson berries (at both tested concentrations: 5 and 10 ug/mL)
were found to protect the plasma against H,O,/Fe — induced thiol group
oxidation in proteins, however, isorhamnetin (5 and 10 pg/mL) had no
effect on this process (Fig. 2B, Table 1). In the other experiment, all
tested compounds (isorhamnetin and its derivatives) and the phenolic
fraction from E. rhamnoides (L.) A. Nelson berries reduced the protein
carbonylation induced by H,O,/Fe by about 25% at 5 pg/mL and about
30% at 10 pug/mL (Fig. 2C, Table 1).

3.2. Effects of phenolic compounds/phenolic fraction from E. rhamnoides
(L.) A. Nelson berries on hemostasis

Analysis of the effect of the tested phenolic compounds from E.
rhamnoides (L.) A. Nelson berries (at concentrations: 5 and 10 pg/mL)
on the coagulation activity of human plasma showed that only com-
pound 3 significantly prolonged the thrombin time. Isorhamnetin and
compound 2 did not change the thrombin time (Fig. 3A, Table 1).
Moreover, in the presence of compound 3, the action was stronger than
with isorhamnetin and compound 2 (Fig. 3A, Table 1). On the other
hand, all tested phenolic compounds did not change the prothrombin
time and the activated partial thromboplastin time (Fig. 3B and C). In
addition, tested compound 3 (at concentrations — 5 and 10 pg/mL) did
not prolong the thrombin time of human plasma, when the mixture of
tested compound and thrombin (earlier pre-incubated thrombin with
compound 3, and then added to the plasma) was used (Fig. 4).

In our measurements, we found that all the tested compounds (at
the concentration — 10 pg/mL) did not change blood platelet aggrega-
tion stimulated by ADP or collagen (Fig. 5). On the other hand, iso-
rhamnetin and compound 3 inhibit this process induced by thrombin
(inhibition of blood platelet aggregation stimulated by thrombin was
about 25%) (Fig. 5, Table 1).
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Fig. 2. Effects of isorhamnetin, its derivatives and the phenolic fraction of E.
rhamnoides (L.) A. Nelson berries (5 and 10 ug/mL; 60 min) on plasma lipid

peroxidation induced by H,0,/Fe (A), on the level of protein thiol groups in

plasma treated with H,O,/Fe (B) and on plasma protein carbonylation induced
by H,0,/Fe (C; in these experiments, the level of carbonyl groups in control
samples: for plasma not treated with H,O,/Fe was 25.9 = 4.9nmol/mg of

plasma proteins, and for plasma treated with H,O,/Fe was 61.4 + 12.4nmol/
mg of plasma proteins and was expressed as 100% of protein carbonylation).
Data represent means = SEM of 5-12 independent experiments. Control ne-
gative (neg) refers to plasma not treated with H,O,/Fe, whereas control posi-

tive (pos) to plasma treated with H,O,/Fe (p < 0.01). *p < 0.05 (vs. control

(pos)), n.s. —p > 0.05 (vs. control (pos)).

I 3lqeL

Table 1 demonstrated comparative effects of isorhamnetin and its

derivatives (at the highest used concentration — 10 pg/mL) on selected
3 had stronger anti-coagulant and anti-aggregatory properties than

parameters of oxidative stress and hemostasis. For example, compound
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Fig. 3. Effects of isorhamnetin and its derivatives (5 and 10 pg/mL; 30 min) on
the hemostatic parameters of human plasma (TT (A), PT (B), APPT (C)). Tested
phenolic compounds were incubated with plasma for 30 min and then thrombin
was added. Data represents means = SEM of 4-6 independent experiments.
*p < 0.05vs. control, n.s. p > 0.05 vs. control.

compound 2. On the other hand, compound 2 had stronger antioxidant
activity than compound 3 and isorhamnetin.

4. Discussion

It was demonstrated that the dietary intake of flavonoids from ve-
getables and fruits may reduce cardiovascular diseases (Eccleston et al.,
2002; Giampieri et al., 2012). The sea buckthorn berries are a good
source of various flavonoids, which show beneficial effects on health,
including cardiovascular system (Cheng et al., 2003). Various flavonol
glycosides from the sea buckthorn berries were identified using
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thrombin time - plasma treated with mixture of
tested compound and thrombin
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Fig. 4. Effects of compound 2 (5 and 10 pg/mL; 30 min) on the thrombin time
of human plasma. The solution of thrombin was incubated for 30 min with
tested compound 2 and then the mixture was added to the human plasma. Data
represents means = SEM of 4-6 independent experiments. n.s. p > 0.05 vs.
control.
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Fig. 5. Effects of isorhamnetin and its derivatives (10 pg/mL; 30 min) on blood
platelet aggregation induced by ADP or collagen (in platelet-rich plasma) or by
thrombin (in blood platelets in Tyrode's buffer). Data represents means + SEM
of 3-5 independent experiments. *p < 0.05 vs. control, n.s. p > 0.05 vs.
control.

chromatographic methods by various authors (Gulieyev et al., 2004;
Zheng et al., 2009; Korekar et al., 2011; Fang et al., 2013; Teleszko
et al., 2015; Olas et al., 2016, 2017 and 2018; Guo et al., 2017). It is
very important that the total flavonoids from the aqueous ethanol ex-
tract of sea buckthorn berries have been clinically used for the treat-
ment of cardiovascular diseases in China since 1980 (Wang et al., 1993,
2000). Luo et al. (2015) observed that isorhamnetin inhibited athero-
sclerotic plaque development in apolipoprotein E knockout (ApoE—/
—) mice by phosphatidylinositol 3-kinase/protein kinase B signal
transduction and heme oxygenase-1 induction. Results of Guo et al.
(2017) indicate that isorhamnetin protects against cardiac hypertrophy
through blocking PI3K-AKT pathway. Various other experiments
showed that isorhamnetin has anticancer activity (Teng et al., 2006; Li
et al., 2014, 2015). In addition, isorhamnetin ameliorates lipopoly-
saccharide (the main component in Gram-negative bacteria) — induced
inflammatory response through down-regulation of nuclear factor-
kappa B signaling (Li et al., 2016a). Shi et al. (2018) have also observed
that isorhamnetin is a potent immunesuppressive agent by inhibiting
dendritic cells activation and trafficking. Another experiment of Li et al.
(2016b) showed that isorhamnetin (especially at concentration 100 uM)
has the protective role on human brain microvascular endothelial cells
from cytotoxicity induced by methylglyoxal and oxygen-glucose de-
privation.

Sanchez et al. (2007) observed that isorhamnetin inhibits the
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production of reactive oxygen species (ROS). Sun et al. (2012) also
demonstrated that this compound inhibits the H,O, action by scaven-
ging free ROS. Moreover, results of other authors (Sea et al., 2016;
Wang et al., 2018; Zhao et al., 2018) indicate that isorhamnetin has
antioxidant properties in vitro. Similar effects have been observed in our
present experiments in vitro. In the present study, three various assays
(lipid peroxidation, carbonyl and thiol groups determined) have been
used to study the antioxidant properties of isorhamnetin and its two
derivatives in human plasma treated with H,O,/Fe under in vitro con-
ditions. Our results revealed differences in antioxidant properties be-
tween tested phenolic compounds in human plasma treated with HO»/
Fe. It seems possible that the difference in chemical structure of the
tested compounds may justify this observation. For the first time, it is
demonstrated by our three tests that compound 2 (isorhamnetin 3-O-
beta-glucoside-7-0O-alfa-rhamnoside) had stronger antioxidant proper-
ties than compound 3 (isorhamnetin 3-O-beta-glucoside-7-O-alfa-(3”’-
isovaleryl)-rhamnoside) and isorhamnetin.

Berries have been reported to exert the highest antioxidant activity
among all kinds of fruits (Olas, 2018b). However, phenolic compounds
isolated from berries are very often known to be less effective anti-
oxidant or anti-platelet factors than berries and their food products
(Chong et al., 2010; Olas, 2017 and 2018a and b). On the other hand,
we report for the first time that isorhamnetin and its two derivatives
have often stronger or similar antioxidant properties than used phenolic
fraction. We suppose that the antioxidant potential of tested phenolic
fraction from the sea buckthorn berries fraction may depend on the
presence of flavonoids (especially isorhamnetin and its two used deri-
vatives), which may act as hydroxyl radical scavengers.

Berry phenolic compounds not only possess antioxidant activities,
but often demonstrate anti-platelet or anti-coagulant properties. A key
novel finding of our experiment is a demonstration of the anti-platelet
(anti-aggregatory) and the anti-coagulant properties, observed in the
form of inhibited blood platelet aggregation stimulated by thrombin,
and prolonged clotting time — the thrombin time, recorded for tested
compound 3. However, we did not observe that compound 2 prolonged
the TT of human plasma when this compound was preincubated with
thrombin. We suppose that anti-coagulant activity of compound 3 is not
associated with a modulation of thrombin activity. On the other hand,
results of Choi et al. (2016) indicate that flavonoids may inhibit the
enzymatic activity of thrombin. Thrombin as serine protease plays not
only important functions in coagulation process, but it is also a blood
platelet activator.

Blood platelets are the smallest un-nucleated blood cells, which play
a significant function in hemostasis. Moreover, these cells have a fun-
damental role in acute coronary syndromes pathogenesis. Numerous
endogenous agonists (named also stimuli, activator) induce blood pla-
telet signal transduction via their receptors, including cascade of pla-
telet activation, among them not only thrombin, but also ADP and
collagen. Present in vitro study was designed to estimate the anti-pla-
telet actions of isorhamnetin and its derivatives isolated from the
phenolic fraction of E. rhamnoides (L.) A. Nelson berries. For the first
time, it has been demonstrated through our test that isorhamnetin and
its derivative — compound 3 exerted inhibitory action on thrombin —
stimulated blood platelet aggregation. Moreover, we observed that
none of the tested phenolic compounds blocked the inhibition of human
blood platelet aggregation stimulated by other physiological agonists:
ADP and collagen. It may suggest that isorhamnetin and compound 3
could modulate blood platelet activation by interfering with thrombin
receptors on blood platelets. In addition, different action of tested
compounds on platelet aggregation (measured in PRP and in blood
platelets in Tyrode's buffer) may also depend on their binding ability to
various components of plasma (Dangles et al., 2001).

The bioavailability and toxicity of phenolic compounds are im-
portant elements in the evaluation of their biological activities under
different conditions, including in vitro and in vivo models (Manach et al.,
2004, 2005). Flavonoids exhibit a low bioavailability, e.g. the oral
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bioavailability of quercetin aglycon is only about 1% in humans
(Khaled et al., 2003). However, bioavailability of phenolic compounds
differs from one berry to another. Recently, the results of Guo et al.
(2017) have demonstrated that after enzymatic digestion, the phenolic
compounds were quite different from the chemical extracts from the sea
buckthorn berries, and more flavonoid aglycones were released,
whereas less total phenolics, flavonoid glycosides and phenolic acids
were detected. However, the cellular antioxidant property of berries
was significantly enhanced by digestion. It is also important that there
is information about the toxicity of berry phenolic compounds (Olas,
2017 and 2018b).

In our experiments, human plasma and blood platelets were pre-
incubated with phenolic compounds or the phenolic fraction from the
sea buckthorn berries in two concentrations (5 and 10 pug/mL). The
concentration of phenolic substances (5ug/mL) is likely to occur in
plasma in vivo after oral supplementation can reach up to 5-7 yM
(10 uM of isorhamnetin is around 3 pg/mL). However, they depend on
the food, e.g. total plasma concentration of caffeoylquinic acids can
reach about 5 pg/mL (Farah et al., 2008). Therefore, lower concentra-
tion of tested compounds or the phenolic fraction (5pg/mL), used in
our study model, appears to correspond to the physiological con-
centration of plant-derived phenolic compounds available after oral
administration.

In conclusion, this is the first paper presenting a multi-method re-
search study evaluating the antioxidant, anti-platelet and anti-coagu-
lant properties of isorhamnetin and its two derivatives isolated from the
phenolic fraction of E. rhamnoides (L.) A. Nelson berries. Our results
demonstrate that there is a novel potential of these compounds in
prevention and treatment of cardiovascular diseases. However, com-
pound 3 is a better anti-coagulant and shows stronger anti-platelet
activity than compound 2, yet compound 2 is a more efficient anti-
oxidant than compound 3 and isorhamnetin.
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Abstract: Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson) is a small tree or bush. It belongs to the
Elaeagnaceae family, and has been used for many years in traditional medicine in both Europe and
Asia. However, there is no data on the effect of sea buckthorn leaves and twigs on the properties
of blood platelets. The aim of the study was to analyze the biological activity of phenolic extracts
from leaves and twigs of sea buckthorn in blood platelets in vitro. Two sets of extracts were used: (1)
phenolic compounds from twigs and (2) phenolic compounds from leaves. Their biological effects on
human blood platelets were studied by blood platelet adhesion, platelet aggregation, arachidonic acid
metabolism and the generation of superoxide anion. Cytotoxicity was also evaluated against platelets.
The action of extracts from sea buckthorn twigs and leaves was compared to activities of the phenolic
extract (a commercial product from the berries of Aronia melanocarpa (Aronox®) with antioxidative
and antiplatelet properties. This study is the first to demonstrate that extracts from sea buckthorn
leaves and twigs are a source of bioactive compounds which may be used for the prophylaxis and
treatment of cardiovascular pathologies associated with blood platelet hyperactivity. Both leaf and
twig extracts were found to display anti-platelet activity in vitro. Moreover, the twig extract (rich in
proanthocyanidins) displayed better anti-platelet potential than the leaf extract or aronia extract.

Keywords: antiplatelet activity; adhesion; aggregation; E. rhamnoides; blood platelets

1. Introduction

Platelets are highly reactive cells activated through various specific membrane receptors by
physiological agonists, such as adenosine diphosphate (ADP), thrombin and collagen, as well as
non-physiological agonists. They also play an important role in hemostasis, this being the regulation
of the flowing properties of blood. In the presence of agonists, blood platelets respond by adhering
to various adhesive proteins, including collagen, forming platelet aggregates and secreting various
compounds from granules. Moreover, various biochemical processes such as phosphoinositide
hydrolysis, arachidonic metabolism and eicosanoid biosynthesis, and reactive oxygen species (ROS)
generation, are involved in platelet activation [1,2]. However, uncontrolled platelet activation is also
an important risk factor of cardiovascular diseases. For example, blood platelets may form pathogenic
thrombi, which are responsible for acute ischemic events [2]. In developed countries, the greatest
single cause of mortality is due to cardiovascular conditions, such as atherosclerosis and thrombosis;
these are responsible for about 50% of all deaths each year in Europe [3-5].
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The most widely-known and popular anti-platelet drug is acetylsalicylic acid (aspirin), which
acts as a cyclooxygenase inhibitor, an enzyme involved in eicosanoid synthesis. The most common
side effects of aspirin are indigestion, stomach aches and bleeding [1,2]. Hence, there is great interest
in identifying new anti-platelet agents without side effects. Many experiments, both in vitro and
in vivo, suggest that berries may contain substances that affect the functioning of blood platelets,
including their high phenolic content [6]. Various berries, including aronia berries (Aronia melanocarpa),
blueberries (Vacconium myrtillus) and grapes (Vitis) have been found to possess antioxidant and
antiplatelet activities [6-8]. Studies indicate that the effects of these fruits on blood platelet activation
are dependent on not only the concentration of berry phenolics or the class of phenolic compounds,
but also the type of berry and the form of food products or medical preparations [6]. In addition, the
consumption phenolic compounds present in fresh berries or berry products, such as berry extracts,
have not been associated with any unwanted or toxic activity, including hematological or urinary
effects [7-17].

Dietary supplements, including commercial products made from aronia berries (Aronox®) may
inhibit platelet activation, by reducing platelet aggregation or eicosanoid synthesis [10]. Various studies
have shown that sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson) berries and their products may
have therapeutic and protective properties against cardiovascular diseases [11-15]. Sea buckthorn
is a small tree or bush. It belongs to the Elaeagnaceae family, and it has been used for many years
in traditional medicine in both Europe and Asia. Sea buckthorn fruits have been used for treating
various diseases, including cardiovascular diseases, for many years and are described in Chinese
medical literature [6,8]. The therapeutic potential of sea buckthorn oils against cardiovascular diseases
has been associated with its high unsaturated fatty acid content [8]. In addition, the phenolic-rich
fraction of sea buckthorn berries has also been found to demonstrate anti-platelet activity [16], and sea
buckthorn leaves and twigs contain various bioactive compounds, including phenolic compounds,
with antioxidant and anticoagulant properties [17]. However, the mechanism behind their influence on
blood platelet activation remains unknown. Therefore, the aim of the present study was to determine the
biological activity of extracts from the leaves and twigs of sea buckthorn against blood platelets in vitro.
The following battery of standard tests was used to obtain a broad overview of the key mechanisms
behind the beneficial action of phenolic compounds on cardiovascular diseases: blood platelet adhesion
to collagen type I and fibrinogen, blood platelet aggregation induced by various physiological agonists,
metabolism of thiol groups and glutathione (GSH) in tested blood cells, nonenzymatic lipid peroxidation
in resting platelets, arachidonic acid metabolism (enzymatic lipid peroxidation) in platelets activated
by thrombin, and platelet superoxide anion (O, ~) production. In addition, the cellular safety of tested
extracts was evaluated in vitro using a cytotoxicity test against human blood platelets, measuring
extracellular lactate dehydrogenase (LDH) activity. The action of extracts from sea buckthorn twigs
and leaves was compared to activities of the phenolic extract, a commercial extract from the berries of
Aronia melanocarpa (Aronox®) with antioxidative and antiplatelet properties [18-20].

2. Results

Our results show significantly lower adhesion to collagen of resting blood platelets and
thrombin-activated platelets following preincubation with 0.5-50 pg/mL twig and leaf extract (Figure 1;
Table 1). The percentage inhibition of adhesion of thrombin- or ADP-activated platelets to fibrinogen
is given in Figure 2. At the highest tested concentration (50 ug/mL), the sea buckthorn twig extract
demonstrated greater inhibition of thrombin-activated platelets to collagen or fibrinogen than the leaf
extract. The twig extract demonstrated 69.5 = 7.0% (p < 0.02) inhibition of adhesion to collagen and
62.6 + 9.0% (p < 0.02) inhibition of adhesion to fibrinogen.

The next part of the study examined the potential of the twig and leaf extracts (at 10 and
50 pg/mL) to reduce platelet aggregation stimulated by different agonists, i.e., ADP, collagen and
thrombin. The tested extracts were not found to display any anti-aggregatory properties when ADP
and collagen were used as agonists (p > 0.05). However, both 10 and 50 ng/mL leaf extract inhibited
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thrombin-stimulated platelet aggregation, as did the twig extract at the higher concentration of
50 pg/mL (p < 0.05) (Figure 3). For example, the percentage inhibition of thrombin-stimulated platelet
aggregation was 35.5 £ 9.1% (p < 0.05) for twig extract and 29.9 + 8.9% (p < 0.05) for leaf extract at a
concentration of 50 ug/mL (Figure 3).
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Figure 1. Twig (A) and leaf extract (B) (0.5-50 ug/mL; 30 min) on adhesion of resting blood
platelets and thrombin-activated platelets to collagen. The inhibition of platelet adhesion by the
plant extracts is expressed as the percentage of that recorded for control blood platelets (without the
plant extract)—positive control. Data represent mean + standard error (SE) of 5 (for resting platelets)
and 9 (for thrombin-activated platelets) healthy volunteers (each experiment performed in triplicate).
*p <0.05,** p < 0.02 (vs. control platelets).
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Table 1. Comparison of the effects of sea buckthorn twig and leaf extracts and aronia berry extract

at the concentration (10 ug/mL) on blood platelet adhesion. Results are given as means + SE of 5-9

healthy volunteers (experiments done in triplicate).and expressed in percentage (%) difference between

the control and tested extracts.

Inhibition of Inhibition of Inhibition of Inhibition of
Resting Blood Thrombin-Activated Thrombin- ADP-Activated
Platelet Adhesion Platelets to Activated Platelets Platelets to
to Collagen (%) Collagen (%) to Fibrinogen (%) Fibrinogen (%)
Sea buckthorn twig 39.6 +13.4 59.4 +£9.0 (p < 0.05, 634 +5.3 29.0 £ 16.4
extract (a) (p>0.05avs. b,c) avs.b,c) (p<0.05,avs.b,c) (p>0.05avs.b,c)
Sea buckthorn leaf 46.3 + 15.6 42.1+10.3 55.8 +9.2 53.0 £29.1
extract (b) (p>0.05,bvs. c) (p>0.05,bvs. c (p <0.05,bvs. ) (p>0.05,bvs. c
Aronia berry 245+ 114 349 £129 321+174 30.7 £15.9
extract (c)
100
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c
8 80 % X *k o
£ . T *
X 60 .
- * *
25 *
g Y
= £
“« 5 20
° g
o
= 0
)
2 0.5 1 5 10 50
£

concentration of twig extract (ug/mL)

H Oblood platelets activated by thrombin Eblood platelets activated by ADP

(A)
100

80

o o

inhibition of platelet adhesion to
fibrinogen (%)
o

*
*
*% *% **
6 . —
*
4
2
0.5 1 5 10 50

concentration of leaf extract (ug/mL)

Eblood platelets activated by thrombin B blood platelets activated by ADP

(B)

Figure 2. Twig (A) and leaf extract (B) (0.5-50 pg/mL; 30 min) on adhesion of thrombin/adenosine
diphosphate (ADP)-activated platelets to fibrinogen. Inhibition of platelet adhesion by the plant

extract is expressed as the percentage of that recorded for control blood platelets (without the plant

extract)—positive control. Data represent mean + SE of 5 (for ADP-activated platelets) and (for

thrombin-activated platelets) healthy volunteers (each experiment performed in triplicate). * p < 0.05,

**p <0.02 (vs. control platelets).
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Figure 3. Effects of twig and leaf extract (10 and 50 pg/mL; 30 min) on blood platelet aggregation
stimulated by different agonists: 10 uM ADP, 2 ug/mL collagen and 1 Unit/mL thrombin. Data represent
mean =+ SE of 5 (for thrombin-activated platelets) and 9 (for ADP or collagen-activated platelets) healthy
volunteers (each experiment performed in triplicate). Neither concentration of the tested extract (10
and 50 pg/mL) had a statistically significant effect on aggregation stimulated by ADP and collagen
compared to control platelets (p > 0.05 (n.s.)). However both concentrations of the tested extract (10
and 50 ug/mL) had a statistically significant effect on aggregation stimulated by thrombin compared to
controls (* p < 0.05).

No change was observed in platelet GSH concentration or thiol group number in platelet proteins
following exposure to the two tested sea buckthorn extracts at concentrations between 1-50 ng/mL
(p > 0.05) (Figure 4).
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Figure 4. Twig and leaf extract (1, 5 and 50 pg/mL; 30 min) on the level of thiol groups in glutathione
(GSH) fraction (A) and protein fraction (B) isolated from blood platelets. Data represent mean + SE of 3
(for GSH) and 4 (for protein fraction) healthy volunteers (each experiment done in triplicate). In these
experiments, the level of GSH fraction in control sample (positive control-blood platelets not treated
with plant extract) was 5.7 + 0.8 nmol GSH/mL of platelets, and was expressed as 100% (A); the level of
thiol groups in protein fraction in control sample (positive control-blood platelets not treated with
plant extract) was 112.4 + 17.4 nmol GSH/mL of platelets, and was expressed as 100% (B). None of
three different concentrations of the tested extract (1, 5 and 50 ug/mL) had a statistically significant
effect compared to controls (p > 0.05 (n.s.)).

As demonstrated in Figure 5A,B, no change in the thiobarbituric acid reactive substances (TBARS)
level was observed in the resting blood platelets or the thrombin-activated blood platelets following
incubation with the leaf extract at concentrations of 0.5, 5 or 50 pg/mL (p > 0.05). On the other hand,
all used concentrations of twig extract (0.5, 5 and 50 ug/mL) significantly reduced lipid peroxidation
in both the resting and the thrombin-activated platelets (p < 0.05) (Figure 5A,B). At the highest-used
concentration of twig extract (50 ug/mL), inhibition of lipid peroxidation was found to be about 40%
for both resting platelets and those activated by thrombin (Figure 5A,B). In addition, 50 pg/mL twig
extract demonstrated stronger inhibition than leaf extract at the same concentration.
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Figure 5. Twig and leaf extract (0.5, 5 and 50 pg/mL; 30 min) on lipid peroxidation in resting platelets
(A) and in blood platelets activated by thrombin (B). In these experiments, blood platelets not treated
with plant extract were used as control samples (positive control). Data represent mean + SE of 6
healthy volunteers (each experiment done in triplicate). The three different concentrations of the twig
extract (0.5, 5 and 50 pug/mL) had a statistically significant compared to controls (* p < 0.05). However,
none of the three different concentrations of the leaf extract (0.5, 5 and 50 ng/mL) had any statistically
significant effect compared to controls (p > 0.05 (n.s.)).

Only the twig extract was found to significantly reduce the process of O,~ production in resting
platelets and activated platelets (Figure 6A,B).
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Figure 6. Effects of twig and leaf extract (0.5 and 5 ug/mL; 30 min) on O,~ production in resting platelets
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(A) and in blood platelets activated by thrombin (B). Data represent mean =+ SE of 5 healthy volunteers
(each experiment done in triplicate). In these experiments, the O,~ level in control samples (positive
control - blood platelets not treated with plant extract) was 0.592 + 0.321 nmol/10® platelets (for resting
platelets) and 1.222 + 0.434 nmol/10® platelets (for thrombin-activated platelets). Inhibition of O~
production was expressed as a percentage of that recorded for positive control (platelets without
tested extracts). The effects of the two different concentrations of twig extract (0.5 and 5 ug/mL) were
significantly different to controls (* p < 0.05; ** p < 0.02). The two different concentrations of leaf
extract (0.5 and 5 pg/mL) demonstrated no statistically significant effect compared to control platelets
(p > 0.05 (n.s.)).

Regarding the cytotoxicity of the extracts, none were found to cause lysis of blood platelets
(p > 0.05) (Figure 7).

1200

n.s.
1000

800

600 T

400 Oleaf extract

@ twig extract

LDH activity (U)

200

control 0.5 1 5 10 50

concentration of extract (ug/mL)

Figure 7. The toxic effects of twig and leaf extract (0.5-50 pg/mL; 30 min) against human blood platelets.
In these experiments, blood platelets not treated with plant extract were used as control samples
(positive control). Data represent mean + SE of 6 healthy volunteers (each experiment performed in
triplicate). None of the five different concentrations of the tested extract (0.5, 1, 5, 10 and 50 ug/mL) had
any statistically significant effect compared to controls (p > 0.05 (n.s.)).

In comparative experiments (for blood platelet adhesion), the extract of sea buckthorn twigs
(at the tested concentration, 10 ug/mL) turned out to be more effective than 10 pg/mL aronia extract
(p < 0.05) (Table 1).

3. Discussion

In addition to multivitamin and multimineral compounds, demand is growing for supplements
based on plant sources. One such plant is sea buckthorn, which offers great promise as a supplement,
mainly due to its high concentrations of vitamin C, tocopherols and carotenoids, as well as its unique
profile of lipids (especially unsaturated fatty acids) and various bioactive compounds, including
phenolics, believed to be good for human health [8,21,22], in both berries and berry products [8,21].

Sea buckthorn berries are therefore good candidates for functional food production. Recently, other
studies have indicated that sea buckthorn leaves and twigs are also good sources of phenolic compounds
with various biological activities, including antioxidant and anticoagulant properties [17,23-28].
However, the effect of extracts from sea buckthorn leaves and twigs on blood platelet activation, which
play an important role in various cardiovascular diseases, has not yet been studied. Therefore, the
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main aim of our in vitro study was to examine the anti-platelet properties of sea buckthorn leaf and
twig extracts.

A significant new finding is that these extracts demonstrate antiadhesive activity in the tested
system of isolated washed human blood platelets, with the tested extracts reducing blood platelet
adhesion to collagen and fibrinogen. In addition, both tested extracts inhibited the aggregation of
platelets following thrombin stimulation; interestingly, this inhibition was not observed in the platelets
activated by collagen or ADP. It is possible that that tested extracts might interact with the plasma
proteins present in platelet-rich plasma (PRP), thus preventing anti-aggregatory activity.

Although blood platelet function is known to involve thiol groups [29,30], our findings do not
suggest that the sea buckthorn twig and leaf extracts influenced the levels of thiol groups, and that the
extracts probably do not modulate platelet activation by thiol groups. In addition, the tested extracts
did not change the platelet concentration of GSH: an important physiological antioxidant.

Blood platelet activation is associated with arachidonic acid metabolism, in which different
intermediate products, including pro-thrombotic thromboxane A, (TXA;) are produced. Thromboxane
Aj is an unstable compound, which is metabolized to inactive thromboxane B, after about 30 s. In the
present experiments, TBARS concentration was used as an indicator of enzymatic peroxidation of
arachidonic acid in the thrombin-stimulated platelets. The twig extract was found to reduce the
thrombin-induced enzymatic cascade of arachidonic acid metabolism in blood platelets. It is possible
that this extract may restore the level of platelet response by helping maintain the redox balance in
thrombin-activated blood platelets.

It is known that ROS, which may behave as secondary signaling molecules, are generated both
in resting platelets and those activated by various agonists, including thrombin. For example, O,
generation is associated with the enzymatic pathway of arachidonic acid metabolism. A reduction
in O,~ production was observed in thrombin-activated blood platelets treated with the twig extract,
which was accompanied by a decrease in TBARS production. This inhibition of TBARS production and
O, generation by the twig extract suggests that it may also inhibit the thrombin-activated arachidonic
acid pathway. It is also possible that the tested leaves and twig extracts may influence platelet reactivity
by modifying other signal pathways, not only ROS level, e.g., through the inhibition of enzymatic
peroxidation of lipids (TXA; biosynthesis), or modifying the expression of platelet receptors.

The differences in blood platelet activation displayed by the extracts may be accounted for by
differences in their phenolic profiles. For example, the greater potency of the twig extract may be
associated with its higher proanthocyanidin concentration compared to the leaf extract; for example, it
demonstrated greater ability to encourage the inhibiting of platelet adhesion (stimulated by thrombin)
to type I collagen. Type I is the most prevalent form of collagen in the arterial vessels changed
by atherosclerosis.

Two important aspects of the use of natural compounds as drugs or supplements are their toxicity
and bioavailability; these parameters are often determined for phenolics intended for use as ingredients
of supplements or drugs in in vitro and in vivo models. Our present results demonstrate that none
of the tested sea buckthorn extracts induced damage to human blood platelets within the whole
tested concentration range. As the concentrations of sea buckthorn extracts used in the study may
be achievable in blood during their oral supplementation [31-33], we can confirm that sea buckthorn
leaves and twigs are safe for use in supplements. Gupta et al. [34] also demonstrated no cytotoxicity
and side effects for sea buckthorn leaves following oral administration.

A novel finding of our present study is that sea buckthorn twig extract (at the used concentration,
10 ug/mL), similar to well-known aronia berry extract, has anti-platelet potential. Itis also an interesting
that sea buckthorn twig extract had stronger anti-adhesive activity than aronia berry extract.

The bioavailability of phenolic compounds varies according to food source. Moreover, it may
also depend on the presence of various other compounds in the food matrix, including those with
anti-platelet properties [35]. Tormanovic et al. [36] indicate that hippuric acid, a phenolic compound,
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acts as a key metabolite following consumption of fruits, including berries; this exerts anti-platelet
activity by blocking the ADP receptors present on blood platelets [37].

Chong et al. [38] indicate that anthocyanidins and procyanidins have a beneficial impact on
pathologies of the cardiovascular system, including platelet hyperactivity. Reis et al. [39] also report that
anthocyanins have a beneficial cardiovascular effect in animal and human studies. In addition, phenolic
extracts from berries and commercial products made from berries (for example from aronia berries,
Aronox®, which has a high concentration of anthocyanidins) have been found to be more effective
anti-platelet factors than pure phenolic compounds in both in vitro and in vivo models [6,38,40,41].
These findings may suggest that phenolic compounds have synergistic inhibitory actions. Our present
findings regarding the extract of sea buckthorn twigs, which is rich in proanthocyanidins, are consistent
with those of these studies. Therefore, we suppose that this extract may also demonstrate anti-platelet
potential in an in vivo model. The action of the tested ellagitannin-rich extract from sea buckthorn
leaves on blood platelet activation may depend on the interaction of the ellagitannins with thrombin
and other proteins. Dong et al. [42] report that these compounds may inhibit the catalytic activity of
thrombin. However, no information exists on the effect of urolithins, metabolites produced in the gut
following consumption of ellagitannins, upon blood platelet function.

Our present findings shed new light on the anti-platelet potential of sea buckthorn twig and leaf
extracts, particularly those of the twig extract. In future, both may be recommended in the prevention
and treatment of cardiovascular diseases associated with hyperactivation of platelets. In addition, our
findings may assist the development of further potential anti-platelet supplements or potent drugs
against cardiovascular diseases as alternatives to classical drugs such as aspirin, which often induce
side-effects. It is important that fruits are harvested together with leaves and twigs; these by products
represent a rich source of additional safe phenolic compounds with anti-platelet potential, which
would otherwise be regarded as production waste.

4. Materials and Methods

4.1. Chemicals

ADP was obtained from Chrono-Log Corporation (Havertown, USA). Thrombin was purchased
from BioMed Lublin, Poland. Collagen type I, bovine serum albumin (BSA), cytochrome C,
5,5’-dithio-bis(2-nitro-benzoic acid), and dimethylsulfoxide (DMSQO) were purchased from Sigma
(St. Louis, MO, USA). Fibrinogen was isolated from pooled citrated human plasma by cold ethanol
precipitation followed by ammonium sulphate fractionation at 26% saturation at 4 °C, according to
Doolittle [43]; its concentration was determined spectrophotometrically at 280 nm using an extinction
coefficient of 1.55 for 1 mg/mL solution. The concentration of purified human fibrinogen in the
reaction system was 2 mg/mL. All other reagents represented analytical grade and were provided by
commercial suppliers.

The content of phenolics in the phenolic-rich powder aronia berr extract (commercial product:
Aronox® by Agropharm Ltd., Poland; batch No. 020/2007k) amounted to 309.6 mg/g of extract,
including phenolic acids (isomers of chlorogenic acid), 149.2 mg/g of extract, anthocyanins (anthocyanin
glycosides: cyanidin 3-galactoside, cyanidin 3-glucoside, cyanidin 3-arabinoside, cyanidin 3-xyloside),
110.7 mg/g, and flavonoids (quercetin glycosides), 49.7 mg/g of extract. The high-performance liquid
chromatography (HPLC) determination of this extract was described previously [18-20].

4.2. Plant Material

Sea buckthorn twigs and leaves were obtained from a horticultural farm in Sokétka, Podlaskie
Voivodeship, Poland (53°24’N, 23°30’E), the largest Polish producer of sea buckthorn fruits. The plant
material was identified by Mr. Stanislaw Trzonkowski, the owner of the farm. Voucher specimens have
been deposited at the Institute of Soil Science and Plant Cultivation, Sate Research Institute, Pulawy,
Poland (IUNG/HRH/2015/2).
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4.3. Chemical Characteristics of Extracts from Sea Buckthorn Twigs and Leaves

The extracts from leaves and twigs of sea buckthorn were prepared as previously described
(Sadowska et al., 2017). Briefly, freeze-dried leaves and air-dried twigs were milled in a laboratory mill
(Retsch ZM200, Germany). The powdered plant material (140 g of the leaves or 200 g of the twigs)
was extracted with 3 L (in three batches) of 80% methanol (v/v), for 48 h, at room temperature; the
extraction was assisted by ultrasonic treatment (6 X 10 min.). After filtration, the methanol extracts were
defatted with n-hexane. The defatted extract was concentrated under reduced pressure, the residue
was resuspended in Milli-Q water, acidified with formic acid and subjected to n-butanol extraction.
The butanol extracts obtained were rotary evaporated, and the residue was suspended in Milli-Q
water and freeze-dried. Their composition was determined by reverse-phase ultra high-performance
liquid chromatography-mass spectrometry (UHPLC-MS), using the ACQUITY UPLC™ system
(Waters, Milford, MA, USA), coupled with and ACQUITY TQD (Waters) triple quadrupole mass
detector. Samples were chromatographed using an ACQUITY BEH C18 (100 mm x 2.1 mm, 1.7 pum;
Waters) column. MS analyses were performed using negative and positive ion mode. More details
of the applied analytical method are presented elsewhere [26]. Constituents of the extracts were
classified and identified on the basis of their ultraviolet (UV) and MS spectra (including in-source
fragmentation), authentic standards, as well as literature data [44—47]. UV-DAD detection (range: from
190 to 480 nm) was used for semi-quantitation of phenolic compounds. The content of individual
hydrolysable tannins, flavonoids and proanthocyanidins was expressed as gallic acid, rutin and
epicatechin equivalents, respectively, and was determined on the basis of calibration curves. The peak
integration of hydrolysable tannins was performed at 270 nm, flavonoids were determined at 350 nm,
and proanthocyanidins at 280 nm. Shown results are means + SD of three replications.

The principal constituents of sea buckthorn leaf extract were ellagitannins (259.6 + 3.1 mg/g).
The total flavonoid content was 74.7 + 0.7 mg/g. Catechin and proanthocyanidins were also detected,
their total content was 7.2 + 0.2 mg/g The sea buckthorn twig extract consisted mainly of B-type
proanthocyanidins and catechin (total content 597.1 + 10.2 mg/g). Ellagic acid and its glycosides were
also present (the total content 22.4 + 0.11 mg/g). Flavonoids were present in trace amounts (the total
content was 1.7 + 0.4 mg/g). Major phenolic constituents of the sea buckthorn leaf extract and the
twig extract are shown in Tables 2 and 3, respectively. More details on the composition can be found
elsewhere [26].

Table 2. Major phenolic compounds (above 5 pug/mg) of the sea buckthorn leaf extract.

No Compounds (Tentative tr (min) A max (am) [M - H]- Fragment Ions  Concentration
. Identification) R M + HI* (+) (m/2) (ug/mg)

1 strictinin/isomer 13.92 220,270 o 153,277,303,447 6.6+ 037
e 633

2 strictinin/isomer 14.12 220, 270 635 153, 277, 303, 447 74+032
L 935

3 stachyurin/isomer 14.61 222,270 937 153, 277, 345, 617 142 +052
- 935

4 casuarinin/isomer 15.13 227,270 937 153, 255, 345, 617 245+052
- 935

5 casuarinin/isomer 15.34 230, 270 937 153, 255, 345, 617 394+052
. . . 1103

6 hippophaenin B/isomer 17.17 224,270 153, 345, 471, 617 8.8+022

1105
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Table 2. Cont.

No Compounds (Tentative tr (min) A max (am) [M - H]- Fragment Ions Concentration
’ Identification) R [M + HI* (+) (m/z) (ug/mg)
7 hippophaenin B/isomer 17.30 224,270 ﬂgg 153, 345, 471, 617 19.6 +1.02
. . 463
8 ellagic acid-Hex 19.30 253, 261 1465 153, 303 74+022
e 935 153,277,303, a
9 casuarictin/isomer 21.56 224, 270sh 937 1447, 785 21.7 £0.2
609
10 Q-Hex-dHex 23.31 255, 352 o1l 303, 449 59+00P
L 433
11 ellagic acid-Pen 24.02 253, 361 435 303 80+022
. 301
12 ellagic acid 24.37 253, 366 303 140+ 032
623
13 I-3-O-Hex-7-O-dHex 26.31 255, 350 625 317,463 84+00P
623
14 1-3-O-Glc-7-O-Rha 27.33 255,352 625 317,463 159 +0.1b
593
15 K-Hex-pCouA 43.85 266, 314 595 147,287 54+01P

Hex—hexose; dHex—deoxyhexose; Gle—glucose; I—isorhamnetin; K—kaempferol; pCouA—p-coumaric acid;
Q—quercetin; Pen—pentose; Rha—rhamnose; ? gallic acid equivalent; b rutin equivalent. The presented data is an
updated version of a table published in the supplementary materials of the article by Sadowska et al. (2017).

Table 3. Major phenolic compounds (above 5 ug/mg) of the butanol extract of sea buckthorn twigs.

No Compounds (Tentative tr (min) A max (am) [M - HI- Fragment Ions Concentration
: Identification) R M + HI* (+) (m/2) (ug/mg)
1 gallocatechin-catechin 5.38 270, 300sh ggg 259, 305, 465 92404P
2 gallocatechin-catechin 5.85 270, 300sh o 259,305,465  80+04b
dimeric 577
b
3 proanthocyanidin 871 200,279 579 289 58.4 + 0.7
. 289 b
4 catechin 10.86 200, 278 201 139 76.1+0.8
trimeri
5 proanglrgs;lacnidin 11.37 200,279 Sgi 139,289, 579 233+0.6°
tetrameric 1153
b
6 proanthocyanidin 1430 200, 278 1155 289,577, 865 123+£0.2
trimeric 865
7 proanthocyanidin 16.14 200,278 867 289, 577 13.8 + 03P
dimeric 577
b
8 proanthocyanidin 1677 200,278 579 21 74£02
tetrameric 1153
b
? proanthocyanidin 19.23 200,279 1155 289,577, 865 11.8+02
10 ellagic acid 24.46 253, 366 ;8; 75+012

2 gallic acid equivalent; ® epicatechin equivalent; The presented data is an updated version of a table published in
the supplementary materials of the article by Sadowska et al. (2017).

Stock solutions of the twig extract and leaf extract were made in 50% DMSO. The final concentration
of DMSO in samples was lower than 0.05% and its effect was determined in all experiments. A stock
solution of aronia berry extract was made in H,O.
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4.4. Blood Platelet Isolation

Fresh human blood was obtained from 9 healthy volunteers (non-smokers and non-drugs,
including supplements with anti-platelet and antioxidative properties; median age = 27) in the Lodz
Medical Center (Lodz, Poland); the samples were collected in CPD solution (citrate/phosphate/dextrose;
9:1; v/v blood/CPD). The samples were not pooled. To obtain platelet-rich plasma, whole blood was
centrifuged (1200 rpm, 15 min, 25 °C). The platelet titer was determined spectrophotometrically
using a Helios o spectrophotometer at a wavelength A = 800 nm [48]. The suspension obtained was
diluted with Barber buffer (0.14 M NaCl, 0.014 M Tris, 5 mM glucose, pH 7.4) to final concentration of
2 x 108 cells/mL. Analysis of the blood samples was performed under the guidelines of the Helsinki
Declaration for Human Research, and approved by the Committee on the Ethics of Research in Human
Experimentation of the University of Lodz (resolution No. 3/KBBN-UL/I1/2016). The first, participants
provided verbal consent to the researchers, and later participants provided written the documents.

The platelet suspension was incubated for 30 min at 37 °C with extracts from individual parts of
sea buckthorn at final concentrations of 0.5, 1.0, 5.0, 10 and 50 pg/mL. Moreover, blood platelets were
incubated for 30 min at 37 °C with aronia extract at the final concentration of 10 pg/mL.

4.5. Platelet Adhesion

Platelet adhesion was evaluated by measuring the activity of the platelet exoenzyme (acid
phosphatase). Platelets were dissolved with Triton X-100. The formation of p-nitrophenol was
measured at A = 405 nm using a SPECTROstar Nano Microplate Reader (BMG LABTECH, Germany)
following the addition of p-nitrophenylphosphate, the phosphatase substrate. The color reaction
is created by the addition of 2 M NaOH. The absorbance of control blood platelets (without tested
extracts) was expressed as 100% [16,49].

4.6. Platelet Agqregation

Platelet aggregation was measured by turbidimetry in platelet-rich plasma or in a platelet
suspended in Barber’s buffer using the optical Chrono-Log aggregometer (Chrono-Log, Havertown,
PA, USA) [50].

Samples were prepared with 594 L platelet-rich plasma (PRP) plus 6 pL extracts, or platelets
suspended in Barber buffer and 6 uL tested extracts. In addition, a control sample without extract
was prepared. Such prepared samples (with extract and without extract) were incubated at 37 °C for
30 min.

After incubation, 5 uL ADP (final concentrations 10 M) or 5 pL collagen (final concentration-2 pg/mL)
was added to the platelet rich plasma (PRP) for 10 min. The aggregometer was calibrated against the
poor platelet plasma (100% aggregation).

After incubation, 5 pL. thrombin (final concentration 1 Unit/mL) was added for 10 min to the
platelets suspended in Barber’s buffer. The aggregometer was calibrated against Barber’s buffer (100%
aggregation).

In these experiments, the blood platelets or PRP not treated with plant extract were used as control
samples (positive control), and the rate of agonist-induced aggregation for the control sample (in the
absence of plant extract) was 100%.

4.7. Glutathione and Thiol Group Measurement

The concentrations of thiol groups in platelet proteins and the glutathione concentration
was measured spectrophotometrically using a SPECTROstar Nano Microplate Reader (BMG
LABTECH, Germany) at A = 412 nm with Ellman’s reagent: 5,5 -dithio-bis-(2-nitrobenzoic acid.
The thionitrobenzoate protein derivative and the yellow thionitrobenzoic anion were formed as a result
of the reaction of Ellaman’s digestion with ionised thiol groups. The concentration of thiol groups was
calculated using a molar absorption coefficient (e = 13,600 M~'em™) [51,52].
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4.8. Lipid Peroxidation Measurement

Lipid peroxidation was determined by measuring TBARS concentration. First, 15% trichloroacetic
acid and 0.37% thiobarbituric acid were added to the test samples. The samples were heated in a
heating block at 100 °C for 10 min. After cooling, the test samples were centrifuged (10,000 rpm, 15 min,
18 °C). The absorbance of the supernatant was measured at A = 535 nm using a SPECTROstar Nano
Microplate Reader (BMG LABTECH, Germany) [17,18,53,54].

4.9. Superoxide Anion Measurement

The superoxide anion level in blood platelets was determined by spectrophotometric measurement
of the reduction of ferricytochrome c to ferrocytochrome. Cytochrome c (160 uM) was added to two
platelet suspensions: one stimulated by thrombin and another that was unstimulated (resting). The
samples were centrifuged (2000x g). The absorbance of the supernatant was measured at A = 550 nm
using a SPECTROstar Nano Microplate Reader (BMG LABTECH, Germany). The O,~ determination
uses the molar absorption coefficient for cytochrome C, which is 18,700 M~lem™1 [22,55].

4.10. Lactate Dehydrogenase (LDH) Activity Measurement

Determination of the activity of lactate dehydrogenase (LDH) released from platelets is a measure
of the toxicity of the tested extracts against platelets. The test samples were centrifuged (15 min, 25 °C,
2500 rpm). The microtiter plate was loaded with 270 uL of 0.1 M phosphate buffer, 10 uL of supernatant
and 10 pL of NADH. After a 20-min incubation at room temperature, 10 uL of pyruvate (5 mg) was
added and the absorbance was measured. The reading was repeated for 10 min in every minute using
a SPECTROstar Nano Microplate Reader (BMG LABTECH, Germany) at A = 340 nm [56].

4.11. Data Analysis

Several tests were used to perform the statistical analysis. In order to eliminate uncertain data,
the Q-Dixon test was performed. All the values in this study were expressed as mean + SE; n-number
of blood donors. Statistical analysis was performed with one-way analysis of variance (ANOVA) for
repeated measurements.
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ARTICLE INFO ABSTRACT

Keywords: Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson) is a shrub with lanceolate leaves and orange fruits. In
Adhesion traditional Chinese medicine, sea buckthorn organs, especially fruits have been used to treat different diseases,
Aggregation for example cardiovascular disorders. In vitro studies indicate that the phenolic-rich fraction of sea buckthorn

E. rhamnoides
Blood platelets
Arachidonic acid

fruits demonstrates anti-platelet activity. The aim of the present study was therefore to determine the influence
of phenolic and non-polar fractions isolated from the leaves and twigs of sea buckthorn on various parameters of
human blood platelets in vitro. Plant material consisted of four different fractions: (1) the phenolic fraction
isolated from the leaves, (2) the phenolic fraction isolated from the twigs, (3) the non-polar fraction isolated
from leaves and (4) the non-polar fraction from twigs. The chemical composition of the tested fractions was
determined using reversed phase UHPLC-HRMS/MS. The fractions from twigs were found to have stronger anti-
platelet properties than those from leaves, and all tested fractions were found to be safe for the blood platelets.
The tested fractions from the sea buckthorn, especially the non-polar fraction from the twigs, may potentially be

a source of compounds with antiplatelet activity.

1. Introduction

Blood platelets are the smallest, non-seminal morphotic elements of
bone marrow and peripheral blood. The cells are known to play an
important role in hemostasis, particularly so upon activation. They may
be activated by the interaction of an agonist, such as adenosine di-
phosphate (ADP), collagen or thrombin, with a receptor on the surface
of the platelet. Following activation, taking place through various
pathways, such as the arachidonic acid pathway, nitric oxide pathway
or the serotonic pathway, or by the action of reactive oxygen species
(ROS) [11, the platelet plays a key role in plate plug formation and the
repair of damaged blood vessel walls [2,3].

However, the presence of abnormalities in platelet morphology,
platelet dysfunction, excessive or insufficient levels of platelets, a lack
or dysfunction of receptors, or disturbances in the arachidonic acid
metabolism can lead to numerous cardiovascular diseases [4].

Dysregulation of blood platelet activity, particularly blood platelet ag-
gregation, is linked to the progression of atherosclerosis [1]. Although
anti-platelet agents, such as aspirin, are able to inhibit various steps of
platelet activation, including platelet aggregation, their action typically
induces a number of side effects, including bleeding. Therefore, there is
great interest in identifying plant supplements or food products with
anti-platelet activity [5,6], with recent studies focusing on the chemical
composition and biological properties of sea buckthorn (Elaeagnus
rhamnoides (L.) A. Nelson) organs, especially its fruits [7-14].

Sea buckthorn is a shrub with lanceolate leaves and orange fruits.
This plant belongs to the Elaeagnaceae family. It is distributed
throughout Asia and Europe. Sea buckthorn has been used in traditional
medicine for centuries. Its therapeutic potential has been already ob-
served in traditional Chinese medicine. For example, people used var-
ious its organs, especially berries for treating different diseases, in-
cluding hypertension, skin diseases and problems with the digestive

Abbreviations: ADP, adenosine diphosphate; BSA, bovine serum albumin; CPDA1, citrate/phosphate/dextrose/adenine; DMSO, dimethylsulfoxide; DTNB, 5,5-
dithio-bis(2-nitro-benzoic acid); LDH, lactate dehydrogenase; O, °, superoxide anion; MDA, malonic dialdehyde; NADH, reduced form of nicotinamide adenine
dinucleotide; NAD ", oxidized form of nicotinamide adenine dinucleotide; PBS, phosphate buffered saline; PRP, platelet-rich plasma; ROS, reactive oxygen species;
TCA, trichloroacetic acid; TBA, thiobartbituric acid; TBARS, thiobarbituric acid reactive substances; TBS, Tris-buffered saline; TXA,, thromboxane A,
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Secondary metabolites in the phenolic fraction of sea buckthorn leaf extract; the listed compounds correspond to Charged Aerosol Detector peaks with area =1 % of

the total peak area.

Peak RT [min] Area Frac. Amax [M-H] ™ MS/MS fragments Formula Error Tentative identification
% nm (m/2) (ppm)
1 0.8 8.1 377.0854* 341.1092 Ci2H22011 0.6 dihexose
191.0562 C,;H;,06 -0.3 quinic acid / isomer
2 1.0 2.1 270 331.0664  271.0481, 169.0152, 125.0243 Ci3H16010 2.1 gallic acid hexoside / isomer
783.0684 481.0603, 300.9988 C34H2402, 0.3 pedunculagin / isomer
3 1.3 1.6 270sh 305.0666 C34H240,5, 0.1 (epi)gallocatechin
633.0740  463.0556, 300.9986 Cy7H220:3  —1.8 strictinin / isomer
7 2.3 5.2 270 633.0733  463.0520, 300.9994 Cy7H22018 0.0 strictinin / isomer
8 2.5 10.2 270 935.0789  783.0677, 633.0745, 571.0728, 482.0629, 300.9993, C41H28026 0.8 casuarinin / isomer
275.0197
1103.0851 1059.0978, 935.0841, 783.0733, 633.0551, 571.0754, C4sH3203;  0.03 hippophaenin B or isomer
300.9996, 275.0206
10 3.2 1.5 270sh 785.0846  633.0743, 483.0760, 300.9995 C34H26022  —0.4 tellimagrandin I / isomer
14 3.8 3.4 270 935.0795  633.0738, 463.0529, 300.9991 C41H25026 0.1 casuarictin / isomer
15 4.1 1.6 270sh 1117.0998 935.0789, 633.0739, 300.9988, 275.0188 C4oH3403; 1.2 ellagitannin
19 4.6 1.4 270 1085.0731 450.9935, 299.0188 C4gH30030 1.6 ellagotannin
21 4.8 1.2 254, 367 300.9983 C14HgOg 2.4 ellagic acid
24 5.4 1.3 254,350 609.1451  300.02677, 271.0240 Cy7H30016 1.7 Q-3-O-rutinoside
25 5.5 1.3 255,351 463.0869  300.0263%, 271.0234 C21Hz0012 2.8 Q-Hex
26 5.7 1.8 254,354 623.1604  477.1026, 461.1067, 313.0343" CagH32016 2.1 I-dHex-Hex
28 5.9 2.0 254,355 623.1606  477.1030, 461.1073, 313.0343" CasH32016 1.8 1-3-O-Glc-7-O-Rha
32 6.4 1.1 255,230 961.2606  815.2020, 639.1512, 460.0980, 313.0340" C44Hs50024 1.4 I-dHex-Hex-Hex-FerA
35 6.8 1.1 254, 355 623.1607  315.0500 CagH32016 1.7 1-3-O-rutinoside
50 9.8 2.3 266, 315 593.1298  447.0923, 285.0394 C30H26013 0.5 K-Hex-pCouA
53 10.3 1.2 266, 315 593.1297  447.0931, 285.0391 C3oH26013 0.6 K-Hex-pCouA
67 12.6 1.0 253,355 789.2606  626.2002, 477.1036, 313.0353"% C3gH460158 0.7 I-dHex-166-Hex
68 12.7 1.8 253,355 789.2613  627.2084, 477.1026, 313.0352"* C3sH46015  —0.2 I-dHex-166-Hex
71 13.3 1.2 1235.6061 1073.5568, 911.5061, 749.4491, 603.3899, 471.3478 CsoHosO27; 0.4 triterpenoid saponin
78 14.6 1.1 1381.6639 1057.5599, 733.4533, 587.3952, 455.3528 CesHi06031 0.4 triterpenoid saponin
81 16.2 1.2 1219.6106 1057.5599, 895.5096, 733.4530, 587.3947, 455.3524 CsoHosO026 0.9 triterpenoid saponin
82 16.5 2.1 1459.7109 807.4532, 661.3947, 529.3527, 469.3330, 183.1015 C71H;1203, 0.4 triterpenoid saponin
84 16.9 1.6 1313.6519 985.5027, 823.4472, 661.3946, 601.3758, 529.3550, CesHi02027 1.3 triterpenoid saponin
469.3308, 183.1026
87 17.7 2.1 1401.7059 915.5453, 749.4464, 603.3893, 471.3472, 183.1020 CeoH110020 0.1 triterpenoid saponin
88 17.8 1.6 1297.6563 1135.6125, 973.5466, 807.4536, 661.3963, 529.3516, CesHi02026 1.8 triterpenoid saponin
469.3322, 183.1013
92 185 3.5 487.3418  409.3105 C30H450s5 2.3 triterpenoid
95 19.5 1.0 1239.6512 1077.6005, 915.5478, 749.4475, 603.3886, 471.3468, Co3H100024 0.7 triterpenoid saponin
183.1018
106  23.0 1.3 471.3478 C30H4504 0.4 triterpenoid

* _ a Cl adduct; * - a radical aglycone ion; dHex — deoxyhexose; Hex — hexose; pCouA — coumaric acid; FerA - ferulic acid; 166 — (-)-linalool-1-oic acid / isomer

(C10H1603)-

system [15,16]. China was the first country to recognize this plant as a
drug, being formally included in the Chinese pharmacopoeia in 1977
[17]. Research from recent years also demonstrate that various sea
buckthorn preparations may be used in the treatment of abnormal
cholesterol concentrations, skin burns and atopic dermatitis [7-14].
Chinese medicinal literature has demonstrated the use of sea buckthorn
fruits for treating various illnesses, including cardiovascular disease
[18,19]. Moreover, different forms of sea buckthorn products are
available in China, for example Flavonoid Tablets used to treat ischemic
cardiopathy [20]. Our earlier studies indicate that the phenolic-rich
fraction of sea buckthorn fruits demonstrates anti-platelet activity in
vitro [21]. In addition, and sea buckthorn leaves and twigs contain
phenolic compounds with antioxidant and anticoagulant properties
[22], and the non-polar fraction from sea buckthorn twigs has been
found to prolong prothrombin time and activated partial thrombo-
plastin time in in vitro model [22]; however, the mechanism behind the
activity of these fractions on blood platelet activation remains un-
known. Therefore, the aim of the present study was to determine the
effect of the phenolic and non-polar fractions from sea buckthorn leaves
and twigs on blood platelet activation in vitro. More specifically, it ex-
amines the influence of the fractions on blood platelet adhesion to two
adhesive proteins, fibrinogen and collagen type I, this being the most
prominent collagen type in the arterial wall in vessels changed by
atherosclerosis, blood platelet aggregation induced by various

physiological agonists (thrombin, ADP and collagen), non-enzymatic
lipid peroxidation in resting platelets, arachidonic acid metabolism
(enzymatic lipid peroxidation) in platelets activated by thrombin, and
platelet superoxide anion (O, ) generation. In addition, the study also
investigates the in vitro cytotoxicity of the tested plant fractions against
human blood platelets by measuring extracellular lactate dehy-
drogenase (LDH) activity.

2. Materials and methods
2.1. Chemicals

Thrombin was obtained from BioMed Lublin, Poland. ADP and
collagen were purchased from Chrono-Log Corporation (Havertown,
USA). Dimethylsulfoxide (DMSO), 5,5-dithio-bis(2-nitro-benzoic acid)
(DTNB), bovine serum albumin (BSA), cytochrome C and collagen type
I were obtained from Sigma-Aldrich (St. Louis, MO., USA). Fibrinogen
was isolated from freshly-drawn human blood at low temperatures
(4°C) using reagents with an appropriate concentration of ethanol,
according to Doolittle et al. [23]. The obtained fibrinogen solution was
diluted to a concentration of 2 mg/mL.
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Table 2
Secondary metabolites in the non-polar fraction of sea buckthorn leaf extract; the listed compounds correspond to Charged Aerosol Detector peaks with area =1 % of
the total peak area.

Peak RT [min] Area Frac. Amax [M-H] ™ MS/MS fragments Formula Error Tentative identification
% nm (m/2) (ppm)
4 2.5 1.2 ~270 935.0801 783.0699, 633.0738, 481.0621, 300.9996, 275.0204 C41H28026  —0.5 stachyurin / isomer
1103.0858 1059.0974, 935.0786, 783.0715, 633.0732, 300.9995, 275.0197  C4gH3203;  —0.3 hippophaenin / isomer
46 16.5 1.6 1459.7150  1297.6596, 973.5559, 807.4544, 661.3974, 601.3746, 529.3546, C;;H112031 —2.4 triterpenoid saponin
469.3330, 369.2816, 183.1026
47 16.7 1.8 1313.6537 1151.6000, 985.5061, 763.4265, 661.3956, 601.3749, 529.3555, CgsH10202; —0.1 triterpenoid saponin
469.3332, 221.0675, 183.0140
48 16.9 2.0 1313.6548 1151.600, 1147.5542, 985.5055, 827.4989, 661.3976, 601.3753, CgsH10202; —0.9 triterpenoid saponin
469.3331, 369.2804, 183.1036
50 17.7 1.3 1297.6601 1135.6041, 973.5575, 969.5075, 747.4322, 601.3765, 529.3584,  CgsH102026 —1.1 triterpenoid saponin
469.3326, 183.1039
51 17.7 4.2 1401.7051 1239.6541, 915.5450, 749.4476, 603.3911, 471.3482, 183.1037 CeoH110020 0.7 triterpenoid saponin
52 17.8 2.0 1297.6603 1135.6055, 973.5521, 969.5064, 807.4540, 661.3964, 601.3763, CesH102026 —1.2 triterpenoid saponin
529.3523, 469.3324, 183.1039
53 18.0 1.1 1151.6038 985.5035, 823.4423, 763.4300, 661.3976, 601.3767, 529.3557, Cs9Hg2022 —-2.6 triterpenoid saponin
469.3330, 183.1034
55 18.4 4.7 1255.6475 1093.5914, 769.4896, 765.449, 603.3885, 471.3462, 183.1023 Ce3H100025 0.5 triterpenoid saponin
56  18.5 18.3 487.3440 CyoHug0s  —2.3 triterpenoid
60 19.5 4.3 1239.6549 1077.5983, 915.5494, 749.4449, 603.3920, 471.3496, 183.1031 Ce3H100024 —1.4 triterpenoid saponin
487.3438 C3oH4g05 -1.8 triterpenoid
63 20.1 3.6 1093.5972  931.5451, 769.4896, 603.3932, 471.3500, 183.1042 Cs7HgoO20 —1.8 triterpenoid saponin
81 224 2.1 471.3480 CyoHus04  —0.1 triterpenoid
77 22.4 3.0 471.3479 C3oH4504 0.3 triterpenoid
79 22.6 2.2 311 633.3793 469.3332, 163.0398, 145.0290 C39Hs5407 0.6 C30H4505-pCouA
81  23.0 13.1 323 471.3478  423.3275 CyoHus04 0.3 triterpenoid
663.3906 193.0506, 175.0403 C40Hs608 -0.5 C30H4g05-FerA
82 23.2 7.1 307 471.3487 C30H4504 -15 triterpenoid
633.3802 469.3323, 163.0396, 145.0288 C39Hs5407 -0.9 C30H4g0s-pCouA
99 26.12 6.5 n.r. 455.3533 C3oHyg03 -0.6 oleanolic acid, ursolic
acid
617.3853 453.3370 (4), 163.0391 (1), 145.0297 (24) C39Hs5406 -0.9 C30H4g04-pCouA

pCouA - coumaric acid; FerA - ferulic acid; bold — main constituent; n.r. — not registered.

Table 3
Secondary metabolites in the phenolic fraction of sea buckthorn twig extract; the listed compounds correspond to Charged Aerosol Detector peaks with area =1 % of
the total peak area.

Peak RT (min) Area Frac. Amax [M-H] ™~ MS/MS fragments Formula Error Tentative identification
(%) nm (m/2) (ppm)
1 0.8 14.7 274 191.0561 C,;H1,06 0.3 Quinic acid / isomer
377.0855* 341.1077, 215.0323 C12H25011 0.4 dihexose
609.1245  423.0720, 305.0663, 177.0185 C3oH26014 0.9 (epi)GC-(epi)GC
2 1.1 6.9 274 337.1398  241.0982, 199.0872 unidentified
609.1248  423.0721, 305.0668, 177.0200, 125.0238 C30Hz6014 0.2 (epi)GC-(epi)GC
3 1.4 6.8 274 305.0659 219.0654, 125.0249 C15H1407 2.5 (epi)gallocatechin
4 1.5 3.6 274 593.1289  423.0711, 305.06559, 177.0191, 125.0242 C30H26013 1.9 (epi)C-(epi)GC
5 1.6 1.8 274 881.1921  711.1345, 593.1292, 423.0712, 305.0656, 287.0556, Cy4s5H35019 1.6 (epi)C-(epi)C-(epi)GC
177.0195, 125.0237
6 1.8 1.1 278 881.1925  711.1342, 593.1299, 467.0985; 423.0723, 305.0666, Cy45H3019 1.0 (epi)C-(epi)C-(epi)GC
287.0558, 177.0188, 125.0244
7 2.2 8.8 278 577.1343 451.1027, 425.0864, 407.0758, 289.0705, 125.0243 C30H26012 1.4 (epi)C-(epi)C
8 2.3 10.0 278 289.0709  245.0815, 123.0448 Ci5H1406 2.9 catechin
10 2.7 2.9 278 1153.2607 525.0781, 407.0770, 289.0701, 243.0288, 125.0256 CeoHs0024 1.1 (epi)C-(epi)C-(epi)C-(epi)C
11 3.1 3.6 278 865.1973  695.1395, 575.1201, 407.0775, 287.0557, 243.0295, C45H35018 1.4 (epi)C-(epi)C-(epi)C
175.0398, 125.0250
12 3.3 2.5 278 577.1342  451.1028, 425.0874, 407.0770, 289.0712, 125.0249 C30H26012 1.6 (epi)C-(epi)C
14 3.6 1.2 278 1153.2607 407.0777, 289.0694, 243.0290, 175.0396, 125.0258 CooHs50024 1.1 (epi)C-(epi)C-(epi)C-(epi)C
20 4.6 1.4 278 865.1973 695.1402, 587.1187, 407.0764, 299.9902, 289.0705, C4s5H3g018 1.4 (epi)C-(epi)C-(epi)C
125.0243
21 4.8 1.2 254, 367 300.9987 C14HeOg 0.9 ellagic acid
36 11.3 1.6 295 582.2600  462.2028, 342.1440, 316.1669, 145.0286, 119.0502 C34H37N306 1.6 tricoumaroyl spermidine
37 11.8 2.0 295, 310 612.2710 492.2134, 462.2031, 342.1452, 316.1661, 145.0281, C3sH39oN30; 0.8 feruloyl dicoumaroyl
134.0366, 119.0502 spermidine
38 12.1 3.2 295, 314 642.2822  522.2240, 492.2140, 372.1559, 330.1453, 175.0388, C3¢H41N30g  —0.2 diferuloyl coumaroyl
134.0364, 119.0503 spermidine
39 12.5 3.9 295, 319 672.2918  522.2240, 496.2465, 372.1562, 330.1457, 304.1664, C37H43N300 1.2 triferuloyl spermidine
175.0392, 134.0365
45 18.5 3.0 487.3430 C30H4g05 triterpenoid

*

- a Cl™ adduct; (epi)C - (epi)catechin; (epi)GC - (epi)gallocatechin.
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Table 4
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Secondary metabolites in the non-polar fraction of sea buckthorn twig extract; the listed compounds correspond to Charged Aerosol Detector peaks with area =1 %

of the total peak area.

Peak RT (min) Area Frac. % A max [M-H] ™ MS/MS fragments (%) Formula Error (ppm) Tentative identifification
nm (m/z)

16 18.5 5.9 487.3432 C30H4g05 -0.6 triterpenoid

21 19.5 1.5 487.3428 C3pH4805 0.3 triterpenoid

31 22.5 3.4 471.3471 C30H4504 1.8 triterpenoid

34 23.0 6.5 471.3465 CsoHus04 3.1 triterpenoid

35 23.2 8.6 471.3470 C30H4g04 2.2 triterpenoid

41 24.9 1.9 307 617.3838 453.3346, 163.0399, 145.0284 C39Hs5406 1.5 C30H4504-pCouA

42 25.1 3.1 323 633.3794 453.3369, 179.0349, 161.0235 CaoHs407 0.5 C30H4g04-CafA
521.3106 447.2746, 345.2060, 271.2275, 175 0390 Ca9Hy4608 2.7 unidentified

43 25.3 2.8 311 617.3843 453.3374, 163.0396, 145.0284 C39H5406 0.8 C30H4504-pCouA

44 25.4 2.0 311 617.3845 453.3372, 163.0396, 145.0284 C39Hs5406 0.5 C30H4504-pCouA
471.2750 295.2255, 247.0981, 175.0394 CasH4006 0.5 unidentified

47 25.8 2.3 455.3526 C3pH4503 1.0 triterpenoid
447.2746 345.2071, 271.2276, 193.0597, 175.0402 Ca6H4006 1.4 unidentified

48 26.0 11.5 311 617.3845 453.3366, 163.0400, 145.0287 CaoHs406 0.5 Cs30H4504-pCouA

49 26.1 30.6 nr. 455.3534 C3oH4g03 -0.8 ursolic acid, oleanolic acid
617.3852 C39Hs5406 -0.6 C30H4504-pCouA

pCouA - coumaric acid; CafA - caffeic acid; bold — main constituent; n.r. — not registered.
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Fig. 1. Effects of phenolic fractions from sea buckthorn twigs and leaves (A and C) (1-50 pg/mL; 30 min) and non-polar fractions from sea buckthorn twigs and leaves
(B and D) (1-50 pg/mL; 30 min) on collagen adhesion of resting and thrombin-activated platelets. Blood platelets not treated with plant fractions were used as control
samples (positive control). Adhesion is expressed as a percentage of the control samples (100 %). Data represent mean + SE of 9 healthy volunteers (experiments
performed in triplicate). Action of the twig or leaf fractions was compared to control: *p < 0.05, **p < 0.02.

2.2. Plant material

Whole branches of sea buckthorn were obtained during the harvest
time (August 2015) from a horticultural farm in Sokétka, Poland
(53°24'N, 23°30'E), the biggest producer of sea buckthorn in Poland.
The studied fractions from various sea buckthorn organs have been
prepared at the Institute of Soil Science and Plant Cultivation — Sate
Research Institute, Pulawy, Poland (IUNG/HRH/2015/2). The leaves
and fruit were hand-picked at the laboratory. The leaves were subse-
quently freeze-dried and milled in a laboratory mill (Retsch ZM200,
Haan, Germany); twigs were air-dried at 40°C and subsequently

powdered, using a pair of laboratory mills (Retsch SM300, ZM200). The
milled plant material was stored in a freezer.

2.3. Chemical characteristics of the phenolic fraction and non-polar fraction
from sea buckthorn twigs and leaves

The tested fractions from the leaves and twigs of sea buckthorn were
prepared and analyzed as described previously [22]. Briefly, the leaves
(284 g) were extracted with 5 L (in three portions) of 80 % methanol (v/
v), at room temperature (48h), with three cycles (10 min) of ultra-
sonication (3 X 10 min). The ground twigs (680 g) were extracted with
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Fig. 2. Effects of phenolic fractions from sea buckthorn twigs and leaves (A and C) (1-50 pg/mL; 30 min) and non-polar fractions from sea buckthorn twigs and leaves
(B and D) (1-50 pg/mL; 30 min) on fibrinogen adhesion of thrombin/ADP-activated platelets. Blood platelets not treated with plant fraction were used as control
samples (positive control). Adhesion is expressed as a percentage of the control samples (100 %). Data represent mean + SE of 9 healthy volunteers (experiments
performed in triplicate). Action of the twig or leaf fractions was compared to control: *p < 0.05, **p < 0.02.

14 L of 80 % methanol (in three portions), as described above. Filtered
extracts were concentrated by rotary evaporation (40 °C) and defatted
with hexane. Organic solvents were removed in a rotary evaporator, the
residue was subsequently resuspended in Milli-Q water and extracted
with butanol. The butanol extracts were rotary evaporated to remove
the solvent, the residue was suspended in water and 20 % tert-butanol,
and lyophilized. The procedures yielded 12.42 g of the dry leaf extract
and 24.64 g of the twig extract. A 12 g portion of the leaf extract was
suspended in 600ml of 50 % methanol, shaken, ultrasonicated for
2min and centrifuged. The supernatant, containing mainly phenolic
compounds, was dried in a rotary evaporator, dissolved in 20 % tert-
butanol and lyophilized, to yield 11.37 g of the phenolic fraction. The
dried pellet was dissolved in a mixture of tert-butanol and water and
lyophilized (0.63 g). The twig extract was fractionated in the same way
(14 g was mixed with 700 ml of 50 % methanol), and it yielded 13.07 g
of the phenolic fraction and 0.83 g the nonpolar fraction. The chemical
composition of the tested fractions was determined by reverse phase
UHPLC-MS/MS, using a Thermo Ultimate 3000RS (Thermo Fischer
Scientific, MS, USA) UHPLC system, equipped with a charged aerosol
detector, and a diode array detector. The system was hyphenated with a
Bruker Impact II Q-TOF mass spectrometer (Bruker Daltonics GmbH,
Bremen, Germany). Chromatographic separations were carried out on
an ACQUITY BEH C18 column (2.1 X 150 mm, 1.7 um; Waters, MA,
USA). The chemical composition of the fractions was identified based
on their MS and UV spectra, as well as literature data. The relative
content of individual compounds was measured on the basis of CAD
chromatograms and expressed as a percentage of the total peak area.

Plant fractions used in in vitro experiments were dissolved in 50 %
DMSO. The final concentration of DMSO in the test samples was 0.05 %
and its effects were determined in all experiments.

2.4. Blood platelet isolation

Fresh human blood was collected from healthy volunteers (median
age = 28, non-smokers and non-drugs or supplements with anti-platelet
and antioxidant activities). Blood was collected on the CPDA1 antic-
oagulant (citrate/phosphate/dextrose/adenine; 8.5:1; v/v; blood/
CPDA). The blood was centrifuged (1200 rpm, 15 min, 25 °C), and the
platelet rich plasma (PRP) was centrifuged again (1200 rpm, 15 min,
25°C) to obtain platelets, which were then resuspended in Barber's
buffer. Platelet titer was determined spectrophotometrically at wave-
length (\) of 800 nm, and then adjusted to a final concentration of
2 x 108 cells/mL [24]. Platelet-rich plasma or blood platelets con-
cealed in Barber's buffer were incubated (30 min, 37 °C) with the tested
fractions from the sea buckthorn organs in final concentrations in the
samples: 1.0; 10; 50 pg/mL.

The study was performed with the consent of the bioethical com-
mission of the University of Lodz (3/KBBN-UL/I1/2016).

2.5. Platelet aggregation

Platelet aggregation was measured by turbidimetry in platelet-rich
plasma, or in a platelet suspension in Barber’s buffer using a Chrono-
Log (Whole Blood Lumi-Aggregometer (Chrono-Log, Havertown, Pa))
[25].

Test samples were prepared: 594 ul of PRP and 6yl of fraction or
594 pl of platelets suspended in Barber’s buffer and 6 pl of fraction. At
the same time, a control sample was prepared without the tested frac-
tion.

After incubation, 5l ADP (final concentration 10 uM) or 5 pl col-
lagen (final concentration 2 ng/mL) was added to the test samples (PRP
and fraction). The level of aggregation was measured for 10 min. The
aggregometer was calibrated against the platelet-poor plasma (100 %



B. Skalski, et al.

A) aggregation induced by ADP

120

n.s. n.s. n.s.
100 —

80

60
O twigs

40 Oleaves

20

platelet aggregation [%]

0 (control) 1 10 50

concentration of phenolic fraction [ug/mL]

B) aggregation induced by ADP

120

100 ns. iS5 « NS
80

60
O twigs

40 Oleaves

platelet aggregation [%]

20

0 (control) 1 10 50
concentration of non-polar fraction [pug/mL]

Fig. 3. Effects of phenolic fractions from sea buckthorn twigs and leaves (A)
(1-50 pg/mL; 30 min) and non-polar fractions from sea buckthorn twigs and
leaves (B) (1-50 pg/mL; 30 min) on blood platelet aggregation stimulated by 10
UM ADP. Data represent mean = SE of 8 healthy volunteers. In this experiment,
PRP not treated with plant fraction was used as control samples (positive
control); the rate of agonist-induced aggregation for the control sample was
regarded as 100 %. Action of the twig or leaf fractions was compared to control:
*p < 0.05.

aggregation).

After incubation, 5 pl thrombin (final concentration 1 Unit/mL) was
added to the test samples (platelets suspended in Barber’s buffer and
fraction). The level of aggregation was measured for 10 min using an
aggregometer calibrated against Barber’s buffer (100 % aggregation).
The method is described in more detail by Skalski et al. [26].

2.6. Platelet adhesion

The test determined the activity of platelet acid phosphatase by
measuring the formation of p-nitrophenols at wavelength A = 405
using SPECTROstar Nano Microplate Reader (BMG LABTECH,
Germany). 96-well plates were coated with adhesive proteins (100 pl
fibrinogen at final concentration 2 mg/mLand collagen at final con-
centration 0.04 mg/mL). The plate was incubated at 4 °C for 24 h. After
incubation, non-absorbed proteins were removed from the plate. Plate
wells were washed 250 pl of Tris-buffered saline (TBS) three times.
200 ul of 1 % albumin (BSA solution) was applied to the plate and the
plate was incubated at 37 °C for 2 h. After incubation, BSA was removed
and then the plate was washed with TBS buffer with ions (0.1 mM
CaCl,; 0.1 mM MgCl,). Prepared test samples (720 pl of platelets sus-
pended in Barber’s buffer; 8 pl of tested extracts) and 50 pl of thrombin
(final concentration of 0.2 U/mL) or ADP (final concentration 30 uM)
were added to the plate. The plate was incubated at 37 °C for 1 h. After
incubation, unadherved platelets were removed from the wells and the
wells were washed three times with phosphate buffered saline (PBS)
(250 pul per well). The citrate buffer (0,1 % Triton and 5mM p-ni-
trophenyl phosphate) was added to the wells, and the plate was
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Fig. 4. Effects of phenolic fractions from sea buckthorn twigs and leaves (A)
(1-50 ug/mL; 30 min) and non-polar fractions from sea buckthorn twigs and
leaves (B) (1-50 pg/mL; 30 min) on blood platelet aggregation stimulated by
2 pg/mL collagen. Data represent mean + SE of 6 healthy volunteers. PRP not
treated with plant fraction was used as control samples (positive control), and
the rate of agonist-induced aggregation for the control sample was assumed to
be 100 %. Action of the twig or leaf fractions was compared to control:
*p < 0.05.

incubated at room temperature for 1 h. 100 ul of 2 M NaOH was added
to each well. The results are expressed as a percentage (control without
tested fraction - 100 %) [27].

2.7. LDH activity measurement

The prepared samples (blood platelets concealed in Barber’s buffer
with tested fractions) were centrifuged (2500 rpm, 15 min, 25C). A 96-
well plate was loaded with 270l of 0.1 M phosphate buffer pH 7,4
(0,69 g NaH2PO4 X H20 + 25ml Hzo (1); 7,16 g NaH2PO4 x12 Hzo +
100 ml H,O (2); 19ml (1) +81ml (II) filled with water to 200 ml),
followed by 10 pl of the supernatant and 10 pl of NADH solution (5 mg
NADH +2ml 0,1 M phosphate buffer pH 7,4) respectively. The plate
was incubated at room temperature for 20 min and 10 pl of pyruvate
solution (5mg puryvate +2ml 0,1 M phosphate buffer pH 7,4) was
added. The reaction rate of the formation of NAD" and lactate was
measured at a wavelength (A) of 340 nm using a SPECTROstar Nano
Microplate Reader (BMG LABTECH, Germany). The absorbance read-
ings were repeated every minute for 10 min [28].

2.8. Lipid peroxidation measurement

Lipid peroxidation was determined by measuring the colored pro-
duct resulting from the condensation of one molecule of mal-
ondialdehyde (MDA) with two molecules of thiobarbituric acid (TBA).
Two batches of samples were prepared (resting platelets and platelets
stimulated with thrombin at a final concentration of 10 Unit/mL), and
15 % trichloroacetic acid (TCA) and 0.37 % TBA were added. The
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Fig. 5. Effects of phenolic fractions from sea buckthorn twigs and leaves (A)
(1-50 ug/mL; 30 min) and non-polar fractions from sea buckthorn twigs and
leaves (B) (1-50 pg/mL; 30 min) on blood platelet aggregation stimulated by 1
Unit/mL thrombin. Data represent mean = SE of 6 healthy volunteers. Washed
blood platelets not treated with plant fraction were used as control samples
(positive control), and the rate of agonist-induced aggregation for the control
sample was assumed to be 100 %. No concentration of any tested fraction (1, 10
and 50 ug/mL) had a statistically significant effect on thrombin-stimulated
aggregation (action of the twig or leaf fractions was compared to control:
p > 0.05 (n.s.).

samples were vented and boiled for 10 min; they were then cooled at
4°C and centrifuged (1000 rpm, 15 min, 18 °C). The absorbance of the
supernatant was measured at a wavelength (A) of 535 nm. The TBARS
concentration was calculated using the molar extinction coefficient
(e = 156,000 M~ ' em ™). [29,30].

2.9. Superoxide anion measurement

The superoxide anion created in blood platelets stimulated by
thrombin (10 Unit/mL) reacts with ferricytochrome c introduced into
the mixture to produce ferrocytochrome c. The level of ferrocytochrome
¢ can be determined by the difference in the absorbance spectrum
compared to ferricytochrome c. Briefly, the samples were treated with
300 pl of cytochrome c and centrifuged (1500 rpm/5 min/25 °C). The
absorbance of the obtained supernatant was then measured at a wa-
velength A =550 nm. The amount of superoxide anion was calculated
using using the molar extinction coefficient (¢ = 18,700 M~ 'cm™1)
[31].

2.10. Data analysis

To eliminate uncertain data, the Q-Dixon test was performed. All the
values in this study were expressed as mean *+ SE; n — number of blood
donors. Statistical analysis was performed with one-way ANOVA for
repeated measurements.
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Fig. 6. Effects of phenolic (A) and non-polar fractions (B) from twigs and leaves
(1-50 pg/mL; 30 min) on lipid peroxidation in resting platelets. In these ex-
periments, blood platelets not treated with plant fraction were used as control
sample. Data represent mean * SE of 6 healthy volunteers (experiments done in
triplicate). No concentration of any of the tested fractions (1, 10 and 50 pg/mL)
had a statistically significant effect on this process (compared to control
-p > 0.05 (n.s.)).

3. Results

The main constituents of the phenolic fraction of sea buckthorn
leaves were hydrolysable tannins (31.3 % of the total peak area), non-
acylated and acylated flavonol glycosides (24.5 % of the total peak
area), and triterpenoid saponins (15 % of the total peak area), while the
non-polar fraction contained mainly triterpenoid saponins (30.5 % of
the total peak area), as well as triterpenoids and acylated triterpenoids
(50.7 % of the total peak area). B-type proanthocyanidins and catechin
(54.3 % of the total peak area) were dominant components of the
phenolic fraction of sea buckthorn twigs. The non-polar fraction of sea
buckthorn twigs consisted mainly of triterpenoids and acylated tri-
terpenoids (89 % of the total peak area). Tables 1-4 present the com-
position of the phenolic and non-polar fraction of sea buckthorn leaves
and sea buckthorn twigs, with the latest update. A more detailed de-
scription and discussion of results can be found in the work of Skalski
et al. [22].

The study examined the effect of the two types of fraction from the
twigs and leaves (concentration range 1—50pug/mL) on the selected
steps of blood platelet activation, viz. platelet adhesion to collagen and
fibrinogen and platelet aggregation, as well as selected biochemical
processes, viz. non-enzymatic lipid peroxidation, enzymatic lipid per-
oxidation and O, * production, in vitro.

The adhesion of resting blood platelets to collagen was significantly
inhibited by incubation with the phenolic fractions from the sea
buckthorn twigs (1 pg/mL), and the leaves (1 and 10 ug/mL) (Fig. 1A);
it was also inhibited by the non-polar leaf fractions at all tested con-
centrations (1, 10 and 50 pg/mL) and the twig fractions at 1 and 10 pg/
mL (Fig. 1B). In contrast, for the thrombin-activated platelets, the
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Fig. 7. Effects of phenolic (A) and non-polar fractions (B) from twigs and leaves
(1-50 pg/mL; 30 min) on lipid peroxidation in platelets activated by thrombin.
In these experiments, blood platelets not treated with plant fraction were used
as control sample. Data represent mean = SE of 6 healthy volunteers (experi-
ments done in triplicate). All three concentrations of the twig and leaf fractions
(1, 10 and 50 pg/mL) had a statistically significant effect compared to control
(*p < 0.05).

phenolic twig fraction inhibited binding to collagen at all tested con-
centrations (1, 10 and 50 pg/mL) (Fig. 1C) while the phenolic leaf
fraction did so at only 1 and 50 pg/mL (Fig. 1C). For example, at the
highest tested concentration (50 ug/mL), the sea buckthorn twig phe-
nolic fraction demonstrated greater inhibition of thrombin-activated
blood platelets to collagen than leaf phenolic fraction (Fig. 1C). Inter-
estingly, all non-polar fractions from both twigs and leaves inhibited
binding at all tested concentrations (Fig. 1D). The twig and leaf non-
polar fractions (50 pg/mL) demonstrated about 50 % inhibition of ad-
hesion of thrombin-activated platelets to collagen (Fig. 1D).

In addition, the adhesion of thrombin or ADP-activated platelets to
collagen was significantly inhibited by all used fractions (Fig. 2A, B, C
and D). Only the non-polar leaf fraction, administered at the highest
concentration (50 ug/mL) had no statistically significant effect
(Fig. 2D).

While both the phenolic and non-polar fractions of the sea buck-
thorn twigs inhibited ADP-stimulated aggregation (Fig. 3A and B). For
example, the percentage inhibition of ADP-stimulated blood platelet
aggregation was about 20 % for the phenolic fraction from twigs at a
concentration of 50 ug/mL (Fig. 3A). In addition, they generally had no
effect on aggregation induced by collagen or thrombin (Figs. 4 AB and 5
AB). Only the phenolic fraction from leaves at the highest test con-
centration (50 ug/mL) significantly inhibited collagen-stimulated ag-
gregation (by about 20 %) (Fig. 4A).

Although none of the fractions were found to change the level of
TBARS in resting blood platelets (Fig. 6A and B), all were observed to
significantly inhibit enzymatic lipid peroxidation in thrombin-activated
platelets at all tested concentrations (1-50 pg/mL) (Fig. 7A and B). At
the highest-used concentration of the phenolic fractions form leaves
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Fig. 8. Effects of phenolic (A) and non-polar fractions (B) from twigs and leaves
(1 and 10 pg/mL; 30min) on O,  ° production in resting platelets. Data re-
present mean *+ SE of 8 healthy volunteers (experiments performed in tripli-
cate). In these experiments, the O, " level in control (blood platelets not
treated with plant fraction) was 0.457 + 0.256 nmol/10° resting platelets. In
the graphs, O, " production is expressed as a percentage of control (100 %).
The two concentrations of twig or leaf fractions (1 and 10 pg/mL) gave sig-
nificantly different results to control (*p < 0.05; ** p < 0.02).

and twigs (50 pg/mL) inhibition of lipid peroxidation stimulated by
thrombin was found to be about 20 % (Fig. 7A).

All used plant fractions (1 and 10 pg/mL) significantly reduced the
amount of O, in resting platelets and thrombin-activated platelets
(Fig. 8 and 9); however, none induced lysis of blood platelets
(Fig. 10AB).

Table 5 compares the effects of phenolic and non-polar fractions (at
a tested concentration of 10 pg/mL) from the leaves and twigs on pla-
telet adhesion, platelet aggregation, enzymatic lipid peroxidation and
O, production in vitro. Of the four tested fractions, the non-polar twig
fraction displayed the strongest anti-platelet properties; in addition, it
was only found to be ineffective on platelet aggregation stimulated by
collagen and thrombin.

4. Discussion

Due to its medicinal activity and the high nutritional value of its
fruits, the last few decades have seen a growth of interest in the use of
sea buckthorn. However, as well as its fruits, its other organs are
commonly used in traditional medicine, especially in China [15,16].
Various preparations from sea buckthorn, including phenolic extracts
and fractions, have been demonstrated to have antimicrobial, antiviral,
antioxidant and anticoagulant activities [13,14,22].

Various cardiovascular diseases are characterized by the presence of
activated blood platelets in the circulatory system, and platelet hyper-
activation and their hyperaggregation are known to be significant risk
factors [32]. Although various cardiovascular disorders caused by pla-
telet hyperactivation can be prevented and treated with the use of
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Fig. 9. Effects of phenolic (A) and non-polar fractions (B) from twigs and leaves
(1 and 10pg/mL; 30min) on O, production in platelets activated by
thrombin. Data represent mean = SE of 8 healthy volunteers (experiments
performed in triplicate). In these experiments, the O,-" level in positive control
samples (blood platelets not treated with plant fraction) was
0.898 + 0.311nmol/10® platelets activated by thrombin. In the graphs, the
O, " production is expressed as a percentage of control values (100 %). The
twig and leaf fractions gave significantly different results to control at con-
centrations of 1 and 10 ug/mL; * p < 0.05; ** p < 0.02).

medications inhibiting blood platelet activation, little is known of the
effects of sea buckthorn leaves and twigs, and their constituent com-
pounds, on the activation and biochemical processes of blood platelets.
Nevertheless, previous LC-MS analyses have revealed significant dif-
ferences in chemical composition between phenolic and non-polar
fractions obtained from sea buckthorn leaves and twigs [22]. These
fractions have also been found to possess different biological properties,
such as antioxidant and anticoagulant activities, in vitro; for example,
both the phenolic and non-polar fractions from twigs reduced human
plasma protein carbonylation induced by H,O,/Fe: a hydroxyl radical
donor [22].

None of the four types of sea buckthorn fractions tested in the
present study were found to cause damage to the blood platelets, de-
termined as leakage of lactate dehydrogenase into the extracellular
medium, throughout the tested concentration range (1-—50pg/mL),
and we can confirm that sea buckthorn leaves and twigs are safe for use
in supplements. Of these four fractions, the phenolic leaf fraction was
rich in hydrolysable tannins while the phenolic twig fraction was rich in
proanthocyanidins and catechin; both the polar and non-polar leaf
fractions were rich in triterpenoids and their derivatives. In addition,
the concentrations of the phenolic fractions from sea buckthorn leaves
and twigs used in the study may be achievable in blood during their
oral supplementation [33-35].

Following induction by thrombin and other agonists, platelet acti-
vation is associated with arachidonic acid metabolism and the synthesis
of eicosanoids such as thromboxane A,; it also plays a role in enzymatic
lipid peroxidation and the generation of ROS, which may act as
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Fig. 10. The toxic effects of twig and leaf extract (0.5-50 pg/mL; 30 min)
against human blood platelets. In these experiments, blood platelets not treated
with plant extract were used as control sample. Data represent mean * SE of
5-6 healthy volunteers (experiments performed in triplicate). In the graphs, the
LDH activity is expressed as a percentage of the control sample (100 %). None
of the five different concentrations of the tested fraction (0.5, 1, 5, 10 and
50 ug/mL) had any statistically significant effect compared to controls
(p > 0.05 (n.s.)).

secondary messengers; however, non-enzymatic lipid peroxidation and
ROS production is also observed in resting blood platelets. Our present
findings confirm that sea buckthorn leaves and twigs and their sec-
ondary metabolites demonstrate anti-oxidative potential in an in vitro
human blood platelet model: each of the four tested fractions inhibited
the production of superoxide anions, as measured by cytochrome c
reduction (Figs. 8 and 9, Table 5). However, none of the tested fractions
(from leaves and twigs) inhibited lipid non-enzymatic peroxidation in
resting blood platelets. In addition, all tested plant fractions reduced
enzymatic lipid peroxidation in blood platelets stimulated by thrombin
(Figs. 6 and 7, Table 5). This may suggest that the constituents of the
phenolic and non-polar fractions are able to modulate platelet activity
by interfering with the metabolism of arachidonic acid, and that they
may influence platelet reactivity by modifying ROS level and mod-
ulating the expression of platelet receptors.

The phenolic fractions and the non-polar fractions in the present
study displayed different antioxidant properties towards resting plate-
lets and thrombin-activated platelets. For example, at a dose of 10g/
mL, the non-polar leaf fraction, rich in triterpenes and their derivatives,
exerted stronger inhibitory action on O, production (about 60 % in-
hibition of O, production) in resting platelets than the phenolic leaf
fraction, which is rich in hydrolysable tannins (about 15 % inhibition).
Similar results were observed in blood platelets activated by thrombin.

These findings are in agreement with those obtained previously that
found the non-polar fraction from sea buckthorn leaves to inhibit oxi-
dative stress in plasma treated with H,O,/Fe to a greater degree than
the phenolic fraction [22]. Similar results concerning the role of tri-
terpenoids isolated from the branch bark of sea buckthorn and their
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E @ @ @ @ ”;" @ 8 @ g § the presence of a hydroxylated aromatic ring, the number of hydroxyl
5 f/’ f/’ 3 ‘3 ‘3 ‘;’ = ‘3 ‘3 v groups bound to it, and position of these groups.
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presence of two adhesive proteins: collagen type I and fibrinogen.
" However, the tested fractions differed in their anti-adhesive potential;
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é) e U T foo‘ platelet adhesion in all used models (Table 5), the phenolic leaf and
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25 3 g g Z:; 222 é ; g tested plant fractions in two sets of platelet sample treated with their
agonists: ADP and collagen in platelet-rich plasma, and thrombin in
washed blood platelets. In contrast to the anti-adhesive action, only the
% two twig fractions caused significant inhibition of platelet aggregation
E —— D stimulated by ADP. This anti-aggregative action may be enabled by an
£l g é § 5 § ) § é 3 interaction between their constituent compounds with ADP receptors
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éﬁ é’ MgS<T VAN S fects on the cardiovascular system, and that these benefits are derived
- through inhibition of platelet activation [4,5,37]. However, the me-
; chanism behind the antiplatelet activity of triterpenoids and their de-
k3 ) rivatives is not fully understood and requires further research. A recent
2] 3 - in vitro study based on turbidimetry found diterpene esters from green
§ g @ 9 @ @ 888 @ @ § Arabica coffee beans to inhibit platelet aggregation at a concentration
£l 0S00SSsT 0 of 3 x 10™* g/mL [38].
E % & /; asa /; g /; & e f‘ Our present findings confirm those of our previous studies, which
E £ I N RS indicate that compounds extracted from the various organs of sea
= % H :‘I H o4 ‘; :‘I : H O+ H buckthorn, viz. the fruits, leaves and twigs, exhibit anti-platelet prop-
% _g:‘i T Y% mand3y erties. We suppose that anti-platelet potential of tested fractions may be
= =% T O MmO ANMIN

associated with modulation of the metabolism of arachidonic acid,
changes in ROS concentration and the expression of blood platelets
receptors. In addition, these compounds are potentially valuable objects
for future studies aimed at developing new drugs or food supplements
intended for treating diseases related to cardiovascular disease and
other disorders associated with platelet hyperactivation.

Declaration of Competing Interest
None to declare.
Acknowledgement

This work was supported by the National Science Centre, Poland
(grant no. 2015/19/B/NZ9/03164). The authors would like to thank dr.
Mariusz Kowalczyk for performing the UHPLC-MS analyses.

References

[1] G.E. Hirsch, P.R.N. Viecili, A.S. de Almeida, S. Nascimento, F.G. Porto, J. Otero,
A. Schmidt, B. da Silva, M.M. Parisi, J.Z. Klafke, Natural products with antiplatelet
action, Curr. Pharm. Des. 23 (2017) 1228-1246.

[2] D. Blockmans, H. Deckmyn, J. Vermylen, Platelet activation, Blood Rev. 9 (1995)
143-156.

[3] B. Wachowicz, Aktywacja ptytek krwi [w:] Cwiczenia z Biochemii pod red,
Klyszejko-StefanowiczL (2005) 671-683.

[4] B. Olas, The multifunctionality of berries toward blood platelet and the role of berry
phenolics in cardiovascular disorders, Platelets 28 (2017) 540-549.

[5] M.E.F. Chong, R. Macdonald, J.A. Lovegrove, Fruit polyphenols and CDV risk: a

production in thrombin-activated platelets (inhibition of this process (%))

Adhesion of thrombin-activated platelets to fibrinogen (inhibition of this process (%))

Adhesion of ADP-activated platelets to fibrinogen (inhibition of this process (%))

Adhesion of thrombin-activated platelets to collagen (inhibition of this process (%))
Aggregation of ADP-stimulated platelets (inhibition of this process (%))

Lipid peroxidation in thrombin-activated platelets (inhibition of this process (%))

Aggregation of thrombin-stimulated platelets (inhibition of this process (%))
O, " production in resting platelets (inhibition of this process (%))

Adhesion of resting platelets to collagen (inhibition of this process (%))
Aggregation of collagen-stimulated platelets (inhibition of this process (%))

Experiment

Comparison of the effects of phenolic and non-polar fractions from sea buckthorn twigs and leaves (at a concentration of 10 ug/mL) on various steps of blood platelet activation and biochemical processes in blood
(o2}

platelets. Data represent mean =+ SE. This inhibition of studied processes by the plant fractions is expressed as the percentage of that recorded for control platelets or PRP (without the plant fraction).

Table 5

10


http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0025

B. Skalski, et al.

[6]

[7

—

[8

—

[91

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]

review of human intervention studies, Br. J. Nutr. 104 (2010) S28-S39.

B. Olas, Dietary supplements with anti-platelet activity: a solution for everyone?”,
Adv. Nutr. 9 (2018) 51-57.

C. Eccleston, Y. Baoru, R. Tahvonen, H. Kallio, G.H. Rimbach, A.M. Minihane,
Effects of an antioxidant-rich juice (sea buckthorn) on risk factors for coronary
heart disease in humans, J. Nutr. Biochem. 13 (2002) 346-354.

A. Gupta, R. Kumar, K. Pal, P.K. Banerjee, R.C. Sawhney, A preclinical study of the
effects of sea buckthorn (Hippophae rhamnoides L.) leaf extract on cutaneous wound
healing in albino rats, Int. J. Low. Extrem. Wounds 4 (2005) 88-92.

M. Basu, R. Prasad, P. Jayamurthy, K. Pal, C. Arumughan, R.C. Sawhney, Anti-
atherogenic effects of seabuckthorn (Hippophaea rhamnoides) seed oil,
Phytomedicine 14 (2007) 770-777.

D.T. Maheshwari, M.S. Yogendra Kumar, S.K. Verma, V.K. Singh, Som Nath Singh,
Antioxidant and hepatoprotective activities of phenolic rich fraction of seabuck-
thorn (Hippophae rhamnoides L.) leaves, Food Chem. Toxicol. 49 (2011) 2422-2428.
B. Negi, R. Kaur, G. Dey, Protective effects of a novel sea buckthorn wine on oxi-
dative stress and hipercholesterolemia, Food Funct. 4 (2013) 240-248.

A. Khan, K. Mann, Chinchubose, D.K. Das, M. Sinha, S.B. Kesh, U. Das, R.S. Dey,
A. Banerji, S. Dey, Seabuckthorn (Hippophae rhamnoides L.) leaf extract amelio-
rates the gamma radiation mediated DNA damage and hepatic alterations, Indian J.
Exp. Biol. 52 (2014) 952-964.

B. Sadowska, A. Budzynska, A. Stochmal, J. Zuchowski, B. Rozalska, Novel prop-
erties of Hippophae rhamnoides L. twig and leaf extracts — anti-virulence action and
synergy with antifungals studied in vitro on Candida spp. model, Microb. Pathog.
107 (2017) 372-379.

B. Rézalska, B. Sadowska, J. Zuchowski, M. Wieckowska-Szakiel, A. Budzyfiska,
U. Wéjcik, A. Stochmal, Phenolic and nonpolar fractions of Elaeagnus rhamnoides
(L.) Nelson extracts as virulence modulators - in vitro study on bacteria, fungi, and
epithelial cells, Molecules 23 (2018) 1-19.

B. Olas, Sea buckthorn as a source of important bioactive compounds in cardio-
vascular diseases, Food Chem. Toxicol. 97 (2016) 199-204.

B. Olas, The beneficial health aspects of sea buckthorn (Elaeagnus rhamnoides (L.) A.
Nelson) oil, J. Ethnopharmacol. 213 (2018) 183-190.

The State of Pharmacopeia Commison of P.R. Chiana, Pharacopeia of the People’s
Republic of China 1997, Beijing (1977).

B. Ballabh, O.P. Chausais, Traditional medicinal plants of cold deser Ladakh-used in
treatment of cold, cough and fever, J. Ethnopharmacol. 12 (2007) 340-349.

R. Kumar, G.P. Kumar, O.P. Ghaurasia, S. Singh, Phytochemical and pharmacolo-
gical profile of sea buckthorn oil: a review, Res. J. Med. Plant 5 (2011) 491-499.
X. Mingyu, S. Xiaoxuman, C. Jinhua, The medicinal research and development of
seabuckthorn, J. Water Soil Conserv. China (1991) 1-11.

B. Olas, B. Kontek, M. Szczesna, L. Grabarczyk, A. Stochmal, J. Zuchowski,
Inhibition of blood platelet adhesion by the phenolics’ rich fraction of Hippophae
rhamnoides L. fruits, J. Physiol. Pharmacol. 2 (2017) 23-29.

11

[22]

[23]

[24]
[25]

[26]

[27]

[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]

Biomedicine & Pharmacotherapy 124 (2020) 109897

B. Skalski, B. Kontek, B. Olas, J. Zuchowski, A. Stochmal, Phenolic fraction and
nonpolar fraction from sea buckthorn leaves and twigs: chemical profile and bio-
logicalactivity, Future Med. Chem. 10 (20) (2018) 2381-2394.

R.F. Doolittle, D. Schubert, S.A. Schwartz, Amino acid sequence studies on artio-
dactyl fibrinopeptides I Dromedary camel, mule deer, and cape buffalo, Arch.
Biochem. Biophys. 118 (1967) 456-467.

B. Walkowiak, A. Kesy, L. Michalec, Microplate leader — a convenient tool in studies
of blood coagulation, Thromb. Res. 87 (1997) 95-103.

G.V.R. Born, Aggregation of blood platelets by adenosine diphosphate and its re-
versal, Nature 194 (1962) 927-928.

B. Skalski, B. Lis, L. Pecio, B. Kontek, B. Olas, J. Zuchowski, A. Stochmal,
Isorhamnetin and its new derivatives isolated from sea buckthorn berries prevent
H,0,/Fe — induced oxidative stress and changes in hemostasis, Food Chem. Toxicol.
125 (2019) 614-620.

P. Bellavite, G. Andrioli, P. Guzzo, P. Arigliano, S. Chirumbolo, F. Manzato,

C. Santonastaso, A colorimetric method for the measurement of platelet adhesion in
microtiter plates, Anal. Biochem. 216 (1994) 444-450.

F. Wroblewski, J.S. Ladue, Lactic dehydrogenase activity in blood, Proc. Soc. Exp.
Biol. Med. 90 (1955) 210-213.

B. Wachowicz, Adenine nucleotides in thrombocytes of birds, Cell Biochem. Funct.
2 (1984) 167-170.

G. Bartosz, Druga twarz tlenu, Warszawa PWN, 2008 1.7.

B. Olas, H.M. Zbikowska, B. Wachowicz, T. Krajewski, A. Buczynski,

A. Magnuszewska, Inhibitory effect on resveratrol on free radical generation in
blood platelets, Acta Biochim. Polonica 46 (1999) 991-996.

D.A. Stakos, D.N. Tziakas, K. Stellos, Mechanisms of platelet activation in acute
coronary syndromes, Curr. Vasc. Pharmacol. 10 (2012) 578-588.

1. Hirano, H. Mori, T. Kato, M. Haga, Safety examination of some edible plants. Part
2, J. Environ. Pathol. Toxicol. 1 (1978) 71-74.

C. Manach, A. Scalbert, C. Morand, C. Remsey, L. Jimenez, Polyphenols: food
sources and bioavailability, Am. J. Clin. Nutr. 79 (2004) 727-747.

C. Manach, G. Williamson, C. Morand, A. Scalbert, C. Remsey, Bioavailability and
bioafficacy of polyphenols in humans. I. Review of 97 bioavailability studies, Am. J.
Clin. Nutr. 81 (2005) 230-242.

Z.G. Yang, H.R. Li, L.Y. Wang, et al., Triterpenoids from Hippophae rhamnoides L.
and their nitric oxide production-inhibitory and DPPH radical-scavenging activities,
Chem. Pharm. Bull. 55 (2007) 15-18.

J.F. Reis, V.V.S. Monteiro, R. de Souza Gomes, M.M. do Carmo, G.V. da Costa,
P.C. Ribera, M.C. Monteiro, Action mechanism and cardiovascular effect of an-
thocyanins: a systematic review of animal and human studies, J. Transl. Med.
(2016) 141-160.

X. Wang, Q.Q. Meng, X.R. Peng, G.L. Hu, M.H. Qiu, Identification of new diterpene
esters from green Arabica coffee beans, and their platelet aggregation accelerating
activities, Food Chem. 263 (2018) 251-257.


http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0080
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0080
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0090
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0090
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0095
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0095
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0100
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0100
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0150
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0175
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0175
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0175
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0180
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0180
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0180
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0185
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0190
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0190
http://refhub.elsevier.com/S0753-3322(20)30087-1/sbref0190

S International Journal of
Molecular Sciences

Article

Anti-Platelet Properties of Phenolic and Nonpolar Fractions
Isolated from Various Organs of Elaeagnus rhamnoides (L.) A.
Nelson in Whole Blood

Bartosz Skalski 107, Joanna Rywaniak 2, Aleksandra Szustka 3, Jerzy Zuchowski *(%, Anna Stochmal *

Beata Olas 1*

check for

updates
Citation: Skalski, B.; Rywaniak, J.;
Szustka, A.; Zuchowski, J.; Stochmal,
A.; Olas, B. Anti-Platelet Properties of
Phenolic and Nonpolar Fractions
Isolated from Various Organs of
Elaeagnus rhamnoides (L.) A. Nelson in
Whole Blood. Int. ]. Mol. Sci. 2021, 22,
3282. https://doi.org/10.3390/
{jms22063282

Academic Editor: Maria Serrano

Received: 23 February 2021
Accepted: 20 March 2021
Published: 23 March 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and

Department of General Biochemistry, Faculty of Biology and Environmental Protection, University of Lodz,
Pomorska 141/143, 90-236 L.6dz, Poland; bartosz.skalski@biol.uni.lodz.pl

Department of Inmunology and Infectious Biology, Institute of Microbiology, Biotechnology and
Immunology, Faculty of Biology and Environmental Protection, University of Lodz, Banacha 12/16,

90-237 L6dz, Poland; joanna.rywaniak@biol.uni.lodz.pl

Department of Cytobiochemistry, Faculty of Biology and Environmental Protection, University of Lodz,
Pomorska 141/143, 90-236 £6dZ, Poland; aleksandra.szustka@biol.uni.lodz.pl

Department of Biochemistry and Crop Quality, Institute of Soil Science and Plant Cultivation—State Research
Institute, Kraficowa 8, 24-100 Putawy, Poland; jzuchowski@iung.pulawy.pl (J.Z.); asf@iung.pulawy.pl (A.S.)
Correspondence: beata.olas@biol.uni.lodz.pl

Abstract: Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson) is a shrub growing in coastal areas.
Its organs contain a range of bioactive substances including vitamins, fatty acids, various micro
and macro elements, as well as phenolic compounds. Numerous studies of sea buckthorn have
found it to have anticancer, anti-ulcer, hepatoprotective, antibacterial, and antiviral properties. Some
studies suggest that it also affects the hemostasis system. The aim of the study was to determine
the effect of six polyphenols rich and triterpenic acids rich fractions (A-F), taken from various
organs of sea buckthorn, on the activation of blood platelets using whole blood, and to assess the
effect of the tested fractions on platelet proteins: fraction A (polyphenols rich fraction from fruits),
fraction B (triterpenic acids rich fraction from fruits), fraction C (polyphenols rich fraction from
leaves), fraction D (triterpenic acids rich fraction from leaves), fraction E (polyphenols rich fraction
from twigs), and fraction F (triterpenic acids rich fraction from twigs). Hemostasis parameters
were determined using flow cytometry and T-TAS (Total Thrombus-formation Analysis System).
Additionally, electrophoresis was performed under reducing and non-reducing conditions. Although
all tested fractions inhibit platelet activation, the greatest anti-platelet activity was demonstrated
by fraction A, which was rich in flavonol glycosides. In addition, none of the tested fractions (A-F)
caused any changes in the platelet proteome, and their anti-platelet potential is not dependent on the
P2Y12 receptor.

Keywords: sea buckthorn; flow cytometry; T-TAS; haemostasis; electrophoresis

1. Introduction

Anticoagulant and antiplatelet drugs play an important role in the prevention and
treatment of cardiovascular thrombotic events caused by various mechanisms. However,
these drugs may also induce various side effects, which are well described [1]. In addi-
tion, certain dietary components, including phenolic compounds and supplements with
antiplatelet properties may also reduce platelet activation, and may have a significant in-
fluence on the prophylaxis and treatment of cardiovascular diseases (CVDs) [2—4]. Some of
the most promising sources of active compounds for the prevention and treatment of CVDs
may be the organs and fruits of sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson) [5-7].

The medicinal values of sea buckthorn organs, especially the fruits, have been con-
firmed both by traditional medicine and by scientific reports [4,8]. Our previous in vitro
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findings, based on the analysis of washed blood platelets and platelet-rich plasma, demon-
strate that both polyphenols rich and triterpenic acids rich fractions from sea buckthorn
leaves and twigs modulate the coagulation process in human plasma and modulate human
platelet function [9,10]. In addition, our earlier results indicate that both types of fraction
from sea buckthorn fruits possess anticoagulant and antioxidant properties [4]. However,
their mechanisms of action in whole blood are not known. Therefore, the aim of the
present in vitro study was to determine the anticoagulant and anti-platelet properties of
selected polyphenols rich and triterpenic acids rich fractions isolated from different parts
of Elaeagnus rhamnoides (L.) A. Nelson.

Six fractions were studied: fraction A—polyphenols rich fraction from fruits, rich in
non-acylated and acylated flavonoids and nonpolar compounds; fraction B—triterpenic
acids rich fraction from fruits; fraction C—polyphenols rich fraction from leaves; fraction
D—triterpenic acids rich fraction from leaves; fraction E—polyphenols rich fraction from
twigs; fraction F—triterpenic acids rich fraction from twigs. The analysis was performed
in whole blood using flow cytometry and total thrombus-formation analysis system (T-
TAS). The effect of the plant fractions on blood platelet function was determined by flow
cytometry, i.e., by quantifying the cell-surface expression of the platelet activation markers
P-selectin and GPIIb/Illa, both in unstimulated platelets and in those treated with the
agonists ADP (adenosine diphosphate) and collagen. Blood platelet function was also
assessed based on vasodilator-stimulated phosphoprotein (VASP) phosphorylation in blood
platelets. The aim of our study was also to identify changes in blood platelet proteomes
following treatment with sea buckthorn fractions A-F.

2. Results

The results indicated altered blood platelet activation states in all samples treated with
tested plant fractions (A-F) compared with platelets (without plant fractions); this was true
for both samples treated with agonist (ADP or collagen) and resting platelets (Figures 1-3).
However, these changes were not always statistically significant. Treatment with fraction C
significantly reduced the expression of CD62P by about 30% for 5 ug/mL, and about 20%
for 50 pg/mL in resting blood platelets (Figure 1A).

PAC-1 binding was found to be reduced by fractions A, B, and C, but increased by
fraction F (Figure 2A). Moreover, fraction A was found to reduce PAC-1 binding in collagen-
activated blood platelets when administered at both 5 ug/mL and 50 ug/mL, with a 30%
reduction observed at 50 ug/mL (Figure 2D).

No differences were observed between the electropherograms of blood platelets
treated with plant fractions (A-F) and the control samples (Figure 4). Nor were any
differences observed between the PRI values of the samples treated with 50 ug/mL of the
plant fractions (A-F) and the control samples (Figure 5).

Changes were also observed in the AUC;g measured by T-TAS (Figure 6). Four of the
tested plant fractions (A, C, D, and E) markedly decreased AUCj relative to control when
administered at 50 um/mL. However, no change was observed for the other two fractions
(B and F) administered at the same concentration (Figure 6).
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Figure 1. Effects of different plant fractions (5 and 50 pg/mL; 30 min) on expression of P-selectin
on resting (A) or agonist-stimulated blood platelets: 10 uM ADP (adenosine diphosphate) (B),
20 uM ADP (C), and 10 pg/mL collagen (D) in whole blood samples. The blood platelets were
distinguished based on the expression of CD61/PerCP. For each sample, 10,000 CD61-positive objects
(blood platelets) were acquired. For the assessment of P-selectin expression, samples were labeled
with fluorescently conjugated monoclonal antibody CD62P. Results are shown as the percentage of
platelets expressing CD62P. Data represent mean + SD of 6 healthy volunteers (each experiment
performed in triplicate). * p < 0.05 (vs. control platelets-blood platelets without tested fraction).
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Figure 2. Effects of different plant fractions (5 and 50 ug/mL; 30 min) on expression of the active
form of GPIIb/IIla on resting (A) or agonist-stimulated blood platelets: 10 uM ADP (B), 20 uM ADP
(C), and 10 pg/mL collagen (D) in whole blood samples. The blood platelets were distinguished
based on the expression of CD61. For each sample, 10,000 CD61-positive objects (blood platelets)
were acquired. For the assessment of GPIIb/IIla expression, samples were labeled with fluorescently
conjugated monoclonal antibody PAC-1/FITC. Results are shown as the percentage of platelets
binding PAC-1/FITC. Data represent mean =+ SD of 6 healthy volunteers (each experiment performed
in triplicate). * p < 0.05 (vs. control platelets—blood platelets without tested fraction).
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Figure 3. Effects of fraction A (concentration 5 and 50 ug/mlL, incubation time—30 min) on the
expression of P-selectin and the active form of GPIIb/IIla on platelets stimulated by 10 pg/mL
collagen in whole blood samples. Figure demonstrates selected diagrams.
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Figure 4. Electrophoretic patterns of blood platelet proteome in the presence of different plant fractions (50 pug/mL; 30 min):
reducing conditions (a), non-reducing conditions (b).
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Figure 5. Effects of different plant fractions (50 ug/mL; 30 min) on vasodilator-stimulated phosphoprotein (VASP) phospho-

rylation in ADP—activated blood platelets. Data represent mean =+ SD of 6 healthy volunteers (each experiment performed
in triplicate).

A comparison of the effects of all six tested fractions (A-F) at the highest used concen-
tration (50 ug/mL) on selected biomarkers of platelet activation, as measured by cytometric
analysis and T-TAS, is given in Table 1. Of the six extracts, fraction A, i.e., the phenolic
fraction from fruits, had the strongest anti-platelet potential. Fraction A inhibited PAC-1
expression in three used models: (1) non-activated platelets, (2) platelets activated by
10 uM ADP, (3) platelets activated by 10 pg/mL collagen. This fraction also demonstrated
anti-coagulant potential, measured by T-TAS (Table 1).
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Figure 6. Effects of different plant fractions (50 pug/mL; 30 min) on the T-TAS (Total Thrombus
formation Analysis system) using the PL-chip (chip for analysis of platelet thrombus formation
(primary hemostatic ability)) in whole blood samples (a). Whole blood samples were analyzed
by the T-TAS at the shear rates of 1000 s~1 on the PL-chips. Area under the curve (AUCyg) in PL
are shown as closed circles. Data represent mean + SD of 6 healthy volunteers (each experiment
performed in triplicate). * p < 0.05 (vs. control sample-whole blood without tested fraction). Figure 6
(b) demonstrates selected diagram for fraction A.
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Table 1. A comparison of the effects of the phenolic fractions and the nonpolar fractions isolated from various organs of sea buckthorn (A-F, tested at 50 pg/mL) and aronia berry extract

(50 pg/mL) on biomarkers of platelet activation measured by cytometric analysis and T-TAS.

CD62P Expression PAC-1 Expression
. Platelets Platelets VASP Phospho-
Fraction Non-Activated P}atelets P?atelets Activated by Non-Activated P!atelets P}atelets Activated by T-TAS rylationp
Platelets Activated by Activated by 10 pg/mL Platelets Activated by Activated by 10 pg/mL
10 uM ADP 20 uM ADP 10 uM ADP 20 uM ADP
Collagen Collagen
Decrease Decrease Decrease Anti-coagulant
A No effect No effect No effect No effect (anti-platelet (anti-platelet No effect (anti-platelet h No effect
. . . poteintial
potential) potential) potential)
Decrease Decrease
B No effect No effect No effect No effect (anti-platelet (anti-platelet No effect No effect No effect No effect
potential) potential)
Decrease Decrease Anti-coagulant
C (anti-platelet No effect No effect No effect No effect No effect No effect (anti-platelet oteingtial No effect
potential) potential) P
D No effect No effect No effect No effect No effect No effect No effect No effect An;g:;?ﬁ?alla nt No effect
Decrease Anti-coagulant
E No effect No effect No effect No effect No effect No effect No effect (anti-platelet ote'm%ial No effect
potential) P
Increase Increase
F No effect No effect No effect No effect (pro-activation No effect (pro-activation No effect No effect No effect
potential) potential)
Aronia berr Decrease Decrease Decrease Decrease Decrease
extract y No effect (anti-platelet (anti-platelet (anti-platelet No effect No effect (anti-platelet (anti-platelet No effect No effect
potential) potential) potential) potential) potential)
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Table 1 also shows comparative effect of six tested fractions (A-F; 50 pg/mL) and
aronia berry extract (50 ug/mL) on the selected parameters of platelet activation.

3. Discussion

Shifts in hemostasis, including changes in blood platelet function, are well documented
in cardiovascular diseases. A number of currently-used clinical antithrombotic agents, such
as aspirin, are known for having side effects that may cause serious hematological risk,
abnormality or gastrointestinal damage [11]. Therefore, plant preparations may represent
an attractive alternative for antithrombotic agents as they demonstrate anti-platelet activity,
and sometimes antioxidant potential, but without the side effects associated with artificial
preparations.

To determine the influence of such natural preparations on selected aspects of hemosta-
sis, such as platelet activation, the present study used a combination of flow cytometry and
T-TAS to examine the effect of treating whole blood samples with six plant fractions isolated
from different organs of Elaeagnus rhamnoides (L.) A. Nelson. T-TAS, a microchip-based
flow chamber system that evaluates thrombogenicity in whole blood, may also be used
to evaluate the influence of anti-thrombotic preparations on blood platelet activation and
coagulation reactions over a collagen or collagen/tissue thromboplastin-coated surface [12].
The present experiment used surfaces coated with collagen for visualizing platelet throm-
bus formation in the presence of six tested plant fractions (A-F), four of which (A, C, D,
and E) were found to demonstrate anti-coagulant potential.

Platelet activation was also assessed by flow cytometry analysis of P-selectin ex-
pression (CD62P) and activation of GPIIb/Illa complex (PAC-1 binding) in whole blood
samples, either those stimulated with ADP or collagen as agonists, and in unstimulated
controls. Following platelet activation, the GPIIb/Illa receptor undergoes conformational
changes to reveal a ligand binding site specific for fibrinogen, among others. This site is vi-
tal for promoting blood platelet aggregation, which is recognized by PAC-1. In the present
study, PAC-1 expression was found to be inhibited by exposure to the tested plant fractions,
especially fraction A; this fraction has also previously been found to significantly lower
blood platelet aggregation in washed blood platelets and platelet rich plasma [10]. Taken
together, these findings suggest that inhibition of platelet aggregation may be associated
with low expression of GPIIb/Illa.

During platelet activation by agonists such ADP or collagen, blood platelets are known
to release a-granules. The membranes of these x-granules include an adhesive protein
called P-selectin, which is translocated to the surface during platelet activation. In the
present studies, P-selectin expression was found to decrease in the presence of the tested
fractions (A-F); however, this process was not always statistically significant.

Previous studies indicate that changes in blood platelet proteomes are often associated
with the presence of cardiovascular disease [13]. However, no such change was observed
in any of the samples treated with the tested plant fractions (A-F). In addition, blood
platelet activation by ADP is known to be mediated by two receptors: P2Y1 and P2Y12.
For example, P2Y12 receptor inhibition enhances VASP phosphorylation, a stage in platelet
aggregation, whereas its activation is associated with VASP non-phosphorylation [14].
VASP phosphorylation assay is often used to study the interaction between anti-platelet
drugs such as clopidogrel and the P2Y12 receptor [15]. Our present findings indicate
that the anti-platelet potential of the tested plant fraction is not dependent on the P2Y12
receptor, i.e., no changes in VASP phosphorylation were observed.

In conclusion, both our present findings and those of previous studies [10,16] indicate
that fractions isolated from various sea buckthorn organs, especially fraction A in the
present study, demonstrate significant potency against platelet hyperactivation; however,
their anti-platelet potential does not appear to act through the P2Y12 receptor. In addition,
the high anti-platelet activity demonstrated by fraction A may be due to the presence
of flavonol glycosides in the fraction, which may also be responsible for its antioxidant
activity [17]. In addition, previous findings indicate that fraction A has anti-coagulant
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and anti-platelet properties, which were observed in washed blood platelets [4,7]. For
example, the phenolic fraction taken from fruits (fraction A) prolonged thrombin time
and inhibited platelet adhesion in vitro, and changed the level of thiol groups in platelet
proteins. Such action may be associated with the presence of flavonol glycosides [4].
A novel finding of this study is that fraction A, similarly to a commercial extract from
the berries of A. melanocarpa (Aronox®); a known source of anthocyanins with different
biological activities [17] has anti-platelet properties.

4. Materials and Methods
4.1. Chemicals

Flow cytometry reagents were purchased from Becton Dickinson (1329 W US-6, Hol-
drege, NE 68949, USA), PLT VASP /P2Y12 kit was acquired from BioCytex (140 Chemin
de I’Armée d’Afrique, 13010 Marseille, France). The PL microchips and other equipment
needed for the T-TAS equipment were purchased from Bionicum (Chetmska 21, 00-724
Warszawa, Poland). All reagents necessary for electrophoresis were provided by commer-
cial suppliers, including BIO-RAD (Przyokopowa 33, 01-208 Warszawa, Poland), POCh
(Gen. Sowinskiego 11, 44-121 Gliwice, Poland) and Sigma-Aldrich (2033 Westport Center
Dr, St. Louis, MO 63146, USA). ADP was obtained from Chrono-Log Corporation (2 W
Park Road, Havertown, PA 19083, USA). Collagen type I and dimethylsulfoxide (DMSQO)
were purchased from Sigma-Aldrich.

A stock solution of commercial product-Aronox (by Agropharm Ltd., Poland; batch
No 020/2007k, Aronia melanocarpa berry extract) was prepared in H,O at a concentration of
5mg/mL.

4.2. Plant Material

Sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson; syn. Hippophae rhamnoides L.)
organs were obtained from a horticultural farm in Sokétka, Podlaskie Voivodeship, Poland
(August, 2015) (53°24" N, 23°30" E), the biggest Polish plantation of sea buckthorn. Individ-
ual organs (fruits, leaves, and twigs) were transported to the Institute of Soil Science and
Plant Cultivation-State Research Institute in Putawy, Poland.

4.3. Chemical Characteristics of Fractions from Sea Buckthorn Fruits, Twigs, and Leaves

Stock solutions of the tested fractions were made in 50% DMSO (v/0%). The final con-
centration of DMSO in samples was lower than 0.05% (v/v%) and its effect was determined
in all experiments. Both phenolic and nonpolar fractions were obtained from sea buckthorn
fruits, leaves, and twigs, and these were used for testing. The chemical composition of the
tested fractions was determined using a Thermo Ultimate 3000RS UHPLC system (USA).
Regarding the sea buckthorn fruits, the phenolic fractions are dominated by a range of
flavonol glycosides, mainly isorhamnetin glycosides and acylated glycosides, while the
nonpolar fractions demonstrate high levels of triterpenoids and acylated triterpenoids. For
the leaves, the phenolic fraction contains a number of hydrolysable tannins and ellagic acid,
together with both non-acylated and acylated flavonol glycosides, as well as triterpenoid
saponins; in contrast, the nonpolar fraction is a source of triterpenoids and triterpenoid
saponins. Finally, for the twigs, the phenolic fraction contains high levels of proanthocyani-
dins and catechin, as well as spermidine derivatives, which are acylated with coumarin
and ferulic acid; the nonpolar extracts contain high levels of triterpenoids and acylated
triterpenoids [4,10]. The content of dominant compounds in the tested fractions, expressed
as a percentage of the total peak area, are given in Table 2.
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Table 2. The content of dominant compounds in the tested fraction expressed as a percentage of the
total peak area.

Fractions Relative Peak Area %

Polyphenols rich fraction of sea buckthorn from fruits (fraction A)

Flavonol glycosides, non-acylated and acylated = 67.1
Triterpenoids and acylated triterpenoids 9.1

Triterpenic acids rich fraction of sea buckthorn fruits (fraction B)

Triterpenoids and acylated triterpenoids 83.6
Flavonol glycosides, non-acylated and acylated 0.9

Polyphenols rich fraction of sea buckthorn from leaves (fraction C)

Hydrolysable tannins and ellagic acid 31.3
Flavonol glycosides, non-acylated and acylated = 24.5

Triterpenic acids rich fraction of sea buckthorn leaves (fraction D)

Triterpenoids and acylated triterpenoids 50.7
Triterpenoid saponins 30.5

Polyphenols rich fraction of sea buckthorn from twigs (fraction E)

Proanthocyanidins and catechin 54.3
Spermidine derivatives 10.7

Triterpenic acids rich fraction of sea buckthorn from twigs (fraction F)

Triterpenoids and acylated triterpenoids 89.0
Catechin and proanthocyanidins 1.3

4.4. Blood and Blood Platelets Samples

Fresh human blood was collected from healthy volunteers (4 women, 4 men, the
average age 28), who were not smoking or taking any drugs, including anti-platelet drugs
and supplements at the time. The blood was collected in tubes with CPDA; anticoagulant
(citrate/phosphate/dextrose/adenine; 8.5:1; v/v; blood/CPDA) (Sigma-Aldrich). The
biological material was made available by the L. Rydygiera Medical Center in £.6dz. The
study was conducted with the consent of the local Bioethical Committee (UL3/KBBN-
UL/11/2016,12/10/2016).

The whole blood or washed blood platelets were incubated for 30 min at 37 °C with
the tested fractions (final concentration: 5 and 50 pg/mL). Platelets were obtained by
centrifugation (1200 rpm, 15 min, 25 °C) followed by suspension in Barber buffer (0.14 M
NaCl, 0.014 M Tris, 5 mM glucose, pH 7.4).

4.5. Flow Cytometry Analysis

Changes in the platelet activation process were observed using an LSR II Flow Cy-
tometer (Becton Dickinson, San Diego, CA, USA). Whole blood (150 puL) was incubated
with extracts and fractions for 30 min at 25 °C. The samples were gently vortexed. After
15 min, the samples were treated with platelet agonists: ADP at final concentrations of
10 and 20 puM, or collagen at a final concentration of 10 ng/mL. The samples were then
diluted 10-fold in sterile PBS with Mg2+, and 3 uL of antibodies (CD61/PerCP; CD62/PE
and PAC-1/FITC) were added to the cytometric tubes. The antibodies were then prepared
for compensation settings and for isotype controls (CD61/PerCP, FITC isotype, PE isotype),
following which, the samples were transferred to cytometric tubes and gently vortexed.

The samples were labelled in the dark for 30 min at 25 °C. The platelets were fixed in
CellFix and incubated for one hour at 37 °C. All samples were vortexed before measurement.
The obtained results were analysed using FACSDiva software [18,19].
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4.6. Platelet VASP Phosphorylation

The specific ADP receptor for platelets (P2Y12) was monitored using a flow cytom-
etry kit (PLT VASP/P2Y12). The test was carried out according to the manufacturer’s
instructions. The results are presented in the form of PRI (platelet reactivity index) [20].

4.7. Polyacrylamide gel Electrophoresis Analysis

In the first stage, cell lysates were prepared. Whole blood was centrifuged (1200 rpm,
15 min, 25 °C). The resulting platelet rich plasma was centrifuged as above. Low platelet
plasma was collected and frozen. The platelets were suspended in Barber buffer. The plate
suspension was incubated with test extracts and fractions for 30 min at 37 °C. After the
incubation, the samples were centrifuged as above, and lysis buffer was added to the pellet.
Samples were sonicated and centrifuged (5000 rpm, 5 min, 25 °C). The supernatant was
transferred to new Eppendorf tubes. Protein separation was carried out under reducing
and non-reducing conditions [21].

4.8. Total Thrombus-Formation Analysis System (T-TAS)

Platelet plug formation was measured in real time under blood flow conditions. Briefly,
whole blood (400 nL) was incubated with test extracts and fractions, and 320 pL of blood
was then transferred to the reservoir. Plug formation was determined using a PL chip
based on the AUCy( (Area Under the Curve) parameter [22].

4.9. Data Analysis

The Q-Dixon test was performed to eliminate uncertain data. All the values in this
study were expressed as mean £ SD; n—number of blood donors. Statistical analysis was
performed with one-way ANOVA for repeated measurements.
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