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4. WSTEP

Produkcja nowoczesnych lekéw pochodzenia naturalnego w duzej mierze opiera sie na
szerokim wykorzystaniu ekstraktow roslinnych. Jednakze do otrzymania wysokiej jakosci
ekstraktu, wazna jest jako$¢ uzytego do ekstrakcji surowca roslinnego oraz rodzaj i warunki
procesu ekstrakcji. Ponadto, istotny wptyw majg warunki uprawy, klimat czy srodowisko
wzrostu rosliny.

Dlatego tez kluczowym elementem procesu pozyskiwania ekstraktdw roslinnych jest
opracowanie protokotu standaryzacji surowca roslinnego juz na etapie uprawy roslin, w
oparciu o odpowiednie normy i przepisy legislacyjne. Wszystkie te wymienione aspekty,
przektadajg sie bezposrednio na uzyskanie wyciggdw o wysokiej zawartosci wtérnych
metabolitéw roslinnych, o przewidywanym kierunku dziatania farmakologicznego.
Istotnym faktem, na ktéry takze warto zwrdci¢ uwage, sa ekonomiczne korzysci, ktore
wynikajg z trafnego doboru optymalnej metody ekstrakcji. To jest szczegdlnie wazne z
punktu widzenia pacjenta i praktycznego zastosowania w farmacji.

Stad tez wynika tak obszerna, kompleksowa analiza fitochemiczna, w przebiegu ktdrej
ekstrakty oraz ich poszczegdlne frakcje, poddawane sg holistycznej kontroli ilosciowo-
jako$ciowej pod wzgledem zawartosci wtérnych metabolitéw i ich bioaktywnosci.

Uwzgledniajgc powyzisze, w tym kontekscie zwrdcono uwage na obecnosé¢ metabolitow
pierwotnych i wtérnych w ekstraktach pozyskanych z owocéw Eleutherococcus senticosus
(Rupr. et Maxim.) Maxim., a takze na ich aktywnos¢ na poziomie farmakologicznym.

Eleutherococcus senticosus (Rupr. et Maxim.) Maxim., to roslina wywodzaca sie z
terendw poétnocno-wschodniej Azji i Rosji. W Polsce wystepuje w ogrodach botanicznych
stanowigc sktadnik kolekcji, np. Narodowej Kolekcji Eleutherococcus w Arboretum w
Rogowie. Jest sktadnikiem Kolekcji Roslin Adaptogennych wchodzacej w strukture Ogrodu
Roslin Leczniczych i Kosmetycznych, CM UMK. Rosline cechuje znane juz od czaséw
antycznych dziatanie lecznicze, ktére wynika z réznorodnego sktadu chemicznego.

Identyfikacja fitochemiczna zwigzkdéw czynnych i ich aktywnos¢ biologiczna stanowig
szerokie pole rozwazan naukowych, w kontekscie potencjalnie nowych ich zastosowan
leczniczych. Istotnym faktem, ktéry takze nalezy podkresli¢, jest problem, jaki rodzi

wykorzystywanie tradycyjnego surowca jakim jest korzen, ktéry przektada sie na
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alarmujacy wzrost zagrozenia wyginieciem tego gatunku. Dlatego waznym aspektem
rozwazan dotyczacych leczniczych surowcédw roslinnych, jest poszukiwanie takich, ktére nie
oddziatywaja ujemnie na populacje samej rosliny.

Szczegdlne zainteresowania naukowcow, ze wzgledu na szeroki zakres biologicznej
aktywnosci, zaréwno przeciwzapalnej jak i antyoksydacyjnej, skupiajg sie na polifenolach
roslinnych. Zwigzki te cechujg sie wielokierunkowym dziataniem, co przekfada sie na ich
potencjalne, nowatorskie zastosowanie w lecznictwie.

Gtéwnymi zatozeniami cyklu prac, ktéry zostat przedstawiony do ewaluacji w ramach
rozprawy doktorskiej, byta ocena cech farmakognostycznych owocéw E. senticosus, ich
sktadu chemicznego i aktywnosci farmakologicznej pod katem przydatnosci jako nowego

surowca adaptogennego.
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5. CZESC TEORETYCZNA
5.1. Charakterystyka botaniczna Eleutherococcus senticosus (Rupr. et

Maxim.) Maxim.

Domena: Eukaryota — organizmy jagdrowe

Krélestwo: Plantae — rosliny

Podkrélestwo: Virdiplantae — rosliny zielone
Infrakingdom: Streptophyta — rosliny ladowe
Nadgromada: Embryophyta — rosliny wyzsze
Gromada: Tracheophyta — rosliny naczyniowe
Podgromada: Spermatophytina — rosliny nasienne
Klasa: Magnoliopsida — rosliny dwuliscienne

Nadrzad: Asteranae — astrowe
Rzad: Apiales — selerowce

Rodzina: Araliaceae — araliowate

Rodzaj: Eleutherococcus Maxim — eleuterokok

Gatunek: Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. — Eleuterokok kolczasty

[1]

Sposrdd okoto 40 gatunkédw nalezgcych do rodzaju Eleutherococcus, ktore swoim
zasiegiem naturalnego wystepowania obejmujg tereny wschodniej i potudniowej Azji,
Rosji, Eleutherococcus senticosus, jest najbardziej znanym przedstawicielem tego rodzaju.
Czton ,senticosus” oznacza ,peten cierni” czy tez ,petny barier”. Stad tez pochodzenie
polskiej nazwy tej rosliny - Eleuterokok kolczasty. Gatunek ten jest znany pod wieloma
nazwami regionalnymi, takimi jak Eleuterokokk koljucij, Tahozhnyi koren (Rosja), Wu Jia Pi
lub Ci Wu Jia (Chiny), Gokashi (Japonia), Taigawurzel (Niemcy). W literaturze, a takze w
przemysle farmaceutycznym, istniejg jednoczesnie okreslenia synonimiczne, z ktérych
najpopularniejsze to Siberian ginseng — zen-szen syberyjski; Acanthopanax senticosus,
Hedera senticosa. Nomenklatura ta moze potencjalnie wskazywac¢ niepoprawnie na

zaliczanie E. senticosus do innych niz wtasciwa rodzina [2,3].
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Eleutherococcus senticosus gtéwnie spotykany jest w lasach mieszanych lub iglastych,
stanowigc sktadnik podszytu lesnego, zarosli, zwykle na terenach stanowigcych tajge, do
wysokosci okoto 800 m n.p.m. Zasieg wystepowania E. senticosus, to przede wszystkim
terytoria Dalekiego Wschodu, gtéwnie pétnoco-wschodnie Chiny, Mandzuria, a takze w
czesci rosyjskiej Kraju Ussuryjskiego, na Syberii, w Korei, Japonii. W Polsce, Arboretum w
Rogowie posiada w swoich zasobach kolekcje gatunkéw z rodzaju Eleutherococcus (2, 4-7].

Eleutherococcus senticosus osigga pokrdj $rednio 2,5 metra, w szczegdélnych
przypadkach, moze osigga¢ rozmiary do 4 metréw. Korona jest silnie rozgateziona,
wytwarzajg ktagcza o srednicy 1,5 — 4 cm, widknistym przetamie, o zabarwieniu od szarego
do czerwonobrunatnego, ktére sg ptytko umieszczone w podtozu, mogac wytwarzaé
drobne roztogi i korzenie. Cechg charakterystyczng gatunku jest pokrycie jasnoszarg kora z
kolcami charakterystycznie skierowanymi skosnie, ku dotowi.

Lis¢ pieciopalczasty, podfuzne lub eliptyczno-jajowate listki, z ktorych trzy Srodkowe sg
wieksze od dwdch peryferyjnych, z charakterystycznymi rudawymi wtoskami na nerwach,
osadzone na 3 — 12 centymetrowych ogonkach. Brzegi listkdbw sg podwdjnie ostro
pitkowane.

Kwiatostan rosliny w postaci wiechy, ztozonej z 2 — 6 baldachéw, lub tez pojedynczego
baldachu. Eleutherococcus senticosus generuje 3 rodzaje drobnych kwiatéw, ktore w
zaleznosci od ptciowosci, réznig sie kolorem: bladofioletowe — meskie lub obupiciowe,
20tte — zenskie. Kwitnienie przypada na okres letni, od czerwca do lipca. Roslina owocuje
na przetomie wrzesnia i pazdziernika, wydajgc mate kuliste pestkowce, zawierajgce od 2 do
5 pestek (Rycina 1-2).

Zbioru owocéw, a takze surowca farmakopealnego, jakim jest ktgcze i korzen, dokonuje
sie jesienig, surowiec oczyszcza sie, suszy i tnie na kawatki, zgodnie z wymaganiami

Farmakopei Polskiej i Farmakopei Europejskiej [2, 8 — 12].
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Rycina 1. Budowa morfologiczna owocostandw E. senticosus - fot. F. Graczyk (Ogrdd Roslin Leczniczych i
Kosmetycznych CM UMK, Bydgoszcz, 2021).
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Rycina 2. A — budowa morfologiczna kwiatostandw E. senticosus, B - pokrdj morfologiczny E. senticosus, C - budowa
morfologiczna liscia pieciopalczastego E. senticosus, D - powierzchnia kory E. senticosus, z charakterystycznym pokryciem
kolcami - fot. F. Graczyk (Ogréd Roslin Leczniczych i Kosmetycznych CM UMK, Bydgoszcz, 2021).
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5.2. Charakterystyka fitochemiczno-farmakologiczna Eleutherococcus

senticosus (Rupr. et Maxim.) Maxim.

Historia badan E. senticosus siega lat 50. i 60. XX wieku, kiedy radzieccy naukowcy
przeprowadzili po raz pierwszy analizy fitochemiczne i farmakologiczne. W pdzniejszych
latach, badania nad rosling rozpoczeli réwniez naukowcy z Korei, Chin oraz Niemiec.
Poczatkowo skupili sie na tradycyjnych surowcach farmakopealnych, jakimi sg korzenie i
ktgcza. Wspdtczesna nauka uwzglednia czesci nadziemne gatunku, kwiaty czy owoce i ich
wykorzystanie jako surowca leczniczego, z pominieciem korzeni i ktgczy, ktédrych nadmierne
wykorzystanie stwarza zagrozenie ekstynkcji gatunku.

Wyniki przeprowadzonych badan fitochemicznych wskazaty na obecnos¢ w E.
senticosus chemicznie rdéznych metabolitédw. Najbardziej powszechnymi zwigzkami
aktywnymi w E. senticosus s3 zwigzki o charakterze fenolowym, a ws$réd nich grupa
glikozyddw zwana eleuterozydami [8, 13, 14].

Eleuterozydy stanowig niejednorodng grupe zwigzkéw chemicznych, wystepuja
giownie w formie glikozydéow, ktore w swojej strukturze zawierajg wigzania
hemiacetalowe. Cze$¢ glikonowg stanowi D-galaktoza, D-glukoza, L-ramnoza lub L-
arabinoza, natomiast ze wzgledu na rodzaj aglikonu, eleuterozydy podzieli¢ mozna na:
pochodne steroli (eleuterozyd A), pochodne fenylopropanéw (eleuterozyd B), pochodne
kumaryn (eleuterozyd B,, B,), pochodne lignanéw (eleuterozyd B, E, E;, E, D) oraz
pochodne kwaséw triterpenowych (eleuterozyd I, K, L, M). Sposrdd nich, eleuterozydy B,
B1, C, D, E, F cechuje najwieksza aktynowos$¢ biologiczna, w najwiekszym stopniu
odpowiadajg one za dziatanie farmakologiczne E. senticosus. Ponadto, mozliwe byto
wyizolowanie ich w czystej postaci, co przetozyto sie na okreslenie ich doktadnego dziatania
farmakologicznego. Najwyzsze stezenie eleuterozydéw odnotowano w korzeniach i
ktgczach rosliny, owoce cechuja sie nizszym stezeniem tych zwigzkoéw [8, 15, 16].

Oprocz wczedniej wspomnianej grupy zwigzkéw, w surowcach pozyskiwanych z E.
senticosus zidentyfikowano kwasy fenolowe (kwas kawowy, kwas chlorogenowy), waniline,
tokoferole, karoteny, flawony, sessilozydy czy glikozydy pochodne lupanu. Wysokie

stezenie flawonoiddéw takich jak kwercetyna i rutyna zaobserwowano w lisciach.
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Chemiczna roéznorodnos$¢ zwigzkdw, przektada sie na okreslone witasciwosci
farmakologiczne E. senticosus. Ze wzgledu na nie zaliczany jest do grupy roslin okreslanej
mianem adaptogendw [12, 15, 17, 18].

Adaptogeny zostaty opisane po raz pierwszy w latach 40. XX wieku jako substancje
pochodzenia naturalnego, ktére cechuje zdefiniowana aktywnos¢ farmakologiczna,
umozliwiajgca organizmowi ludzkiemu zwiekszenie przystosowania, adaptacji, do
zmieniajacych sie warunkéw zyciowych. W latach 60. XX wieku, definicja ta zostafa
poszerzona i rozwinieta, wedtug ktdrej rosline adaptogenng cechuje:

e niespecyficzno$¢ dziatania —adaptogen zwieksza odpornos$¢ organizmu na dziatanie

niesprzyjajacych bodzcéw zewnetrznych (fizycznych, chemicznych, biologicznych),

e brak szkodliwosci — substancja adaptogenna nie powinna dziata¢ toksycznie na

organizm,

e regulacja homeostazy na poziomie komarki, tkanki, organu.

Przyktadami roslin adaptogennych sg miedzy innymi: Eleutherococcus senticosus (Rupr.
et Maxim.) Maxim., Panax ginseng C.A. Meyer (zen-szen wiasciwy), Rhodiola rosea L.
(rézeniec gorski), Schisandra chinensis L. (cytryniec chinski), Withania somnifera (L.) Dunal
(witania ospata) [11, 19-21].

Jedng z najdiuzej stosowanych roslin adaptogennych w TCM i ludowej medycynie Rosji
jest E. senticosus. Surowcem leczniczym sg ktgcza wraz z korzeniami, ktére zbiera sie
jesienig. Dane literaturowe donoszg o synergistycznym dziataniu zespotu eleuterozydéw
obecnych w tym gatunku, ktére uwzgledniajgc aspekty molekularne i biochemiczne, opiera
sie na kilku mechanizmach.

Pierwszym z nich jest inhibicja aktywnosci transferazy katecholowej (COMT). Podczas
sytuacji stresowych, w organizmie dochodzi do wydzielenia noradrenaliny przez nadnercza,
ktora przy udziale transferazy katecholowej jest przeksztatcana do nieaktywnej jej formy,
normetanefryny. Hamowanie aktywnosci tego enzymu, przede wszystkim przez
eleuterozydy B i E, ktére jako kompetencyjny inhibitor wptywaja ujemnie na aktywnos$¢
COMT, wptywa na zwiekszenie powinowactwa noradrenaliny do receptorow

noradrenalinowych w btonach komdrkowych.
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Kolejny mechanizm opiera sie na regulacji syntezy adenozynotrifosforanu (ATP) w
komorce poprzez wzrost stezenia glukozo-6-fosforanu (G-6-P). W sytuacjach stresowych,
w osoczu krwi powstajg kompleksy glikokortykoidow z 8-lipoproteinami, ktére zmniejszajg
transport glukozy (Glu) z osocza przez btong komdrkowa do jej wnetrza. W rezultacie
dochodzi do hamowania heksokinazy, jednego z enzymdw odpowiedzialnych za przemiane
Glu do G-6-P w procesie glikolizy. Ekstrakty z E. senticosus wptywajg na B-lipoproteiny,
zmniejszajac ich powinowactwo do glikokortykoidéw, co w efekcie, przektada sie na wzrost
aktywnosci heksokinazy. To z kolei prowadzi do wzrostu poziomu glukozo-6-fosforanu,
ktorego rozktad powoduje uwolnienie energii w formie ATP. Wzrost stezenia ATP w
konsekwencji prowadzi do zwiekszenia proceséw anabolicznych w komérce [22].

Ostatni z mechanizmoéow zaktada oddziatywanie eleuterozydéw na os$ przysadka-
podwzgdrze-nadnercza, ktdra przyczynia sie do wzrostu wytwarzania amin katecholowych
i glikokortykosteroidow [8, 13, 23].

Wyniki badan naukowych wskazujg na przeciwzapalne dziatanie etanolowych
ekstraktow z korzeni E. senticosus. Sugeruje sie, ze hamowanie stanu zapalnego odbywa
sie poprzez aktywacje makrofagdédw oraz inhibicje syntazy tlenku azotu (iNOS). Ekstrakty
hamujg kinaze aktywujacg czynnik NF- kB, co przektada sie na inhibicje syntazy tlenku
azotu, a w konsekwencji na zatrzymanie reakcji stanu zapalnego [24].

Niezwykle istotnym dziataniem ekstraktéow z E. senticosus jest wptyw na wzrost
proliferacji limfocytéw T i przyspieszenie ich réznicowania. U podfoza mechanizmu lezy
interakcja miedzy receptorem TLR (ang. Toll Like Receptor) umiejscowionym w btonie
komodrkowej limfocytdw, a kompleksami polisacharyddw w ekstrakcie, ktére zbudowane
sg z glukozy, ksylozy, galaktozy, arabinozy. Przytaczenie sie kompleksu do receptora TLR
aktywuje kaskade reakcji katalizowanych przez kinazy MAP z udziatem czynnika NF- kB, co
w efekcie prowadzi do zwiekszenia liczby i przyspieszenia dojrzewania limfocytéw [25].

Od kilku lat w Europie wzrasta zainteresowanie preparatami adaptogennymi
zawierajgcymi w sktadzie E. senticosus. Preparaty te wptywajg pozytywnie na proces
zapamietywania i uczenia sie, wyciszajg stany depresyjne i lekowe, z tego wzgledu polecane
jestich stosowanie w stanach wycieiczenia psychicznego, przemeczenia, rekonwalescencji
i zwiekszonej pracy umystowej. Najczesciej rekomendowana dobowa dawka waha sie

miedzy 0,5 - 4 g suszonego korzenia. Pierwsze rezultaty suplementacji daje sie zauwazy¢ po
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okoto 2 tygodniach systematycznego stosowania. W aptekach i sklepach zielarskich, E.
senticosus moze by¢ wydawany w postaci tabletek, kapsutek, nalewek, suszu. W Polsce
ekstrakty z E. senticosus mozna spotkac gtownie jako sktadniki suplementéw diety, miedzy
innymi w takich produktach jak: PharmoVit ZeA-szen syberyjski, ekstrakt 20:1, Yango Zen-
szen syberyjski, Swanson Eleuthero, Wish Zen-szen syberyjski ekstrakt 400 mg, Panaseus
Pamieé bez granic, Olimp Gold Zen-szen, ViVita Energia i Ochrona, Herbaya Zen-szeh

syberyjski Adaptogen, USP Zdrowie Acatar Complex [5, 14, 26-30].

Wedtug danych literaturowych, zwigzki, odpowiedzialne za efekt leczniczy przetworéw
z E. senticosus, to przede wszystkim eleuterozyd B i E. Sumaryczna zawartos¢ tych dwdch
zwigzkdw powinna wynosi¢ nie mniej niz 0,08%, zgodnie z wytycznymi farmakopealnymi.

Efekt leczniczy zwigzkdw zalezny jest od jego biodostepnosci. Eleuterozyd B wchtania
sie szybko w jelicie cienkim, kumuluje sie gtéwnie w watrobie, sercu, nerkach. Jego okres
pottrwania w organizmie wynosi od 2 do 4 godzin. Eleuterozyd B przyczynia sie do obnizenia
stezenia cholesterolu we krwi, modulacji liczby leukocytéw, wykazuje dziatanie
neuroprotekcyjne, ochronne przeciwko promieniowaniu jonizujgcemu i wolnym rodnikom.
Eleuterozyd B wykazuje takze wtasciwosci przeciwdepresyjne, przeciwnowotworowe,
przeciwzapalne i przeciwutleniajgce [31-34]. Udowodnione zostato, ze zwigzek ten fagodzit
objawy uszkodzenia ptuc poprzez dodatnig regulacje biatka Nrf2 i hamowanie stresu
oksydacyjnego. Ponadto eleuterozyd B hamowat ekspresje RIPK1 i RIPK3, ktére sg
krytycznymi czgsteczkami sygnatowymi w nekroptozie [35, 36].

Eleuterozyd E wykazuje zblizone wtasciwosci farmakokinetyczne w stosunku do
eleuterozydu B, jego biologiczny okres péttrwania wynosi okoto 4,6 godzin. Wykazuje nizszg
aktywnos¢ przeciwutleniajgcg w stosunku do wyzej wymienionego. Udowodnione zostato,
ze eleuterozyd E wptywa na zwiekszenie wytwarzania dopaminy i serotoniny. Dowiedziono
takze, ze zwigzek ten moze niwelowac¢ behawioralne skutki wywotane 72-godzinnym
deficytem snu u myszy. Zwigzek podawano przez 10 dni w stezeniach 50 i 10 mg/kg, okoto
godziny przed testem poznawczo-behawioralnym [37]. Wykazano réwniez na modelach
mysich z cukrzycy typu 2, ze eleuterozyd E moze tagodzi¢ cukrzyce poprzez zwiekszenie

wychwytu glukozy, regulacje opornosci na insuline i regulacje metabolizmu [9,15, 38 —41].
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Wykazano takze, ze eleuterozyd E dziata neuroprotekcyjnie, chronigc nerwy przed
uszkodzeniami wywotanymi promieniowaniem podczas radioterapii [42].

Niewiele jest doniesien na temat dziatan niepozadanych stosowania E. senticosus lub
jego przetworow. Jednym z nielicznych jest mozliwos¢ wystapienia lekkiej hipoglikemii
bezposrednio po spozyciu surowca lub ekstraktu. Dtugotrwate spozywanie duzych dawek
moze doprowadzi¢ do bezsennosci, drazliwosci, uczucia niepokoju. Stosowanie E.
senticosus w zalecanych dawkach nie przyczynia sie do zmian aktywnosci cytochromu P450
i CYP3A4, na podstawie czego mozna sugerowaé brak wptywu na metabolizm innych lekéw
43 —45].

W etnomedycynie rosyjskiej, Eleutherococcus senticosus wykorzystywany jest do
leczenia chordb, miedzy innymi o podfozu immunologicznym. Ze wzgledu jednak na
nadmierne wykorzystywanie korzenia jako surowca, gatunek uwazany jest za zagrozony i
w niektérych krajach (np. Republice Korei Potudniowej) zostat umieszczony na liscie
gatunkdéw rodlin zagrozonych wyginieciem. W zwigzku z tym, w niniejszym cyklu badan,
przedmiotem zainteresowania zostaty czesci nadziemne, takie jak owoce, ktére moga

stanowi¢ nowe, zrownowazone zrédfo zwigzkoéw o dziataniu adaptogennym.
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6. CEL PRACY

Aktywnos¢ adaptogenna surowcéw roslinnych, od lat stosowanych w etnofarmakologii
wielu obszarow sSwiata, jest obecnie potwierdzana naukowo z wykorzystaniem
wspotczesnych metod badawczych. Niektére gatunki adaptogenne, np. Eleutherococcus
senticosus (Rupr. et Maxim.) Maxim. ze wzgledu na nadmierng eksploatacje ktaczy i korzeni
zostaty objete ochrong gatunkowg w wielu panstwach. Z tego wzgledu niezbedne jest
podjecie dziatan zmierzajgcych do poszukiwania nowych surowcéw adaptogennych,

stanowigcych, np. czesci nadziemne roslin.

Nadrzednym celem badan opisanych w pracach wchodzacych w cykl rozprawy
doktorskiej byto uzyskanie odpowiedzi na pytanie:
czy cze$ci nadziemne, takie jak owoce E. senticosus moga by¢ stosowane jako

surowiec adaptogenny jednoczesnie stanowigc zamiennik dla cze$ci podziemnych?
Cel nadrzedny zostat osiggniety poprzez realizacje celdw podrzednych obejmujacych:
a) ocene farmakognostyczng owocow,
b) ocene fitochemiczng owocéw,

c) ocene fitochemiczng intraktu z owocoéw,

d) ocene farmakologiczng intraktu z owocéw pod katem dziatania adaptogennego
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7. BADANIA WtASNE

7.1. Materiat roslinny

Surowce do badan stanowity dojrzate owoce, owocnie, nasiona E. senticosus (Rupr. et
Maxim.) Maxim., ktére zebrane zostaty w Ogrodzie Roslin Leczniczych i Kosmetycznych w
Bydgoszczy we wrzesniu 2017 i 2020 r. (N: 53°07'36,55” E: 18°01'51,64”) (Publikacja 1, 2 i
3). Prébki roslinne zostaty zdeponowane w Katedrze Botaniki Farmaceutycznej i
Farmakognozji Collegium Medicum w Bydgoszczy, Kat. Nr. ES Pazdziernik 2017 i Kat. Nr. ES
Pazdziernik 2020.

Owoce po wysuszeniu przechowywano w warunkach domowych (temperatura
pokojowa, torebka papierowa, ciemne miejsce), natomiast intrakt przygotowany z owocéw
przechowywano w lodéwce. Tozsamos$¢ materiatu roslinnego zostata oceniona na
podstawie cech morfologicznych oraz za pomocg analizy HPLC-DAD w pordwnaniu z

substancjami referencyjnymi.

7.2. Ekstrakcja surowcow - metody

(Publikacja 1) Suszone na powietrzu i sproszkowane owoce (10 g) umieszczono w 100
mL 75% (v/v) etanolu, macerowano przez 24 godziny. Nastepnie prébki poddano
trzykrotnej ekstrakcji typu UAE (faZnia ultradZzwiekowa — Polsonic, Warszawa, Polska),
tacznie trzy cykle ekstrakcji przy uzyciu 100i 2 x 50 mL 75% etanolu. Ekstrakcje prowadzono
w temperaturze pokojowej przez 15 min dla kazdego cyklu. Ostatecznie otrzymano 200 mL
ekstraktu. Nastepnie ekstrakt przefiltrowano przez bibute filtracyjng Whatman nr 4.
Rozpuszczalnik odparowano w wyparce prézniowej (45 °C), zamrozono (-20 °C) i poddano
procesowi liofilizacji.

Liofilizat przechowywano w eksykatorze w temperaturze 4 °C. Wydajnos¢ ekstrakcji
obliczono na podstawie suchej masy ekstraktu [%]. Te same czynnosci wykonano dla

ekstrakcji owocni i nasion.
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(Publikacja 2 i 3) Swieze owoce (20 g) macerowano w 100 mL 40% (v/v) etanolu przez
30 dni w warunkach domowych (temperatura pokojowa, ciemne miejsce). Nastepnie
ekstrakt przefiltrowano przez bibute filtracyjng Whatman nr 4. Rozpuszczalnik odparowano
na wyparce w warunkach prézniowych w 45 °C, nastepnie zamrozono w -20 °C i poddano
liofilizacji. Liofilizat przechowywano w eksykatorze w 4 °C. Wydajnos¢ ekstrakcji obliczono

na podstawie suchej masy ekstraktu [%].

7.3. Ekstrakcja ciecz-ciecz polifenoli z intraktu z owocow

Eleutherococcus senticosus

(Publikacja 2) Liofilizat intraktu z owocéw (200 mg) rozpuszczono w 10 mL wody
destylowanej i ekstrahowano 10 x 2 mL octanu etylu w probéwce Falcon (15 mL). Po kazdej
ekstrakcji warstwe octanu etylu zebrano i przeniesiono do probéwki Falcon (50 mL). Po
ekstrakcji frakcje octanowg (20 mL) odparowano do sucha w strumieniu azotu. Suchg
pozostatos¢ rozpuszczono w 60% MeOH (v/v) i przeniesiono ilosSciowo do kolby miarowej

(5 mL).
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7.4. Analiza farmakognostyczna owocow Eleutherococcus senticosus —

analiza mikroskopowa

(Publikacja 1) Budowa anatomiczna owocow zostata okreslona za pomocg mikroskopu
Swietlnego zespolonego z kamerg, w powiekszeniu obiektywu 40-krotnym. Jako odczynnik
zastosowano wodzian chloralu. Obrazy komputerowe rejestrowano przy uzyciu

oprogramowania ProgRes CapturePro 2.8 — system optyczny Jenoptik.
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7.5. Analiza fitochemiczna owocow Eleutherococcus senticosus

7.5.1. Analiza HPLC-PDA eleuterozydéw B, Ei E1

(Publikacja 1) Analize przeprowadzono stosujgc chromatograf EliteLaChrom z
detektorem PDA i oprogramowaniem EZChrom Elite (Merck, Darmstadt, Niemcy). Uzyto
kolumne RP18e LiChrospher 100 (Merck, Darmstadt, Niemcy) (25 cm x 4,0 mm, 5 um),
temperatura 25 °C. Jako faze ruchomga zastosowano mieszanine wody (rozpuszczalnik A) i
acetonitrylu (rozpuszczalnik B), zakwaszone 0,025% kwasu trifluorooctowego.
Zastosowano elucje gradientowa: 0,0-8,0 min A 90%, B 10%; 8,1-18,0 min A 90-80%, B 10-
20%; 18,1-30,0 min A 80%; B 20%; 30,1-45,0 min A 0%, B 100%; 45,1-60,0 min A 90%, B
10%. Szybkos¢ przeptywu wynosita 1,0 mL/min. Dane zbierano pomiedzy 190 a 400 nm.
Tozsamos$¢ zwigzkéw ustalono przez porédwnanie czasow retencji i widm UV z
odpowiednimi wzorcami. Analize ilosciowg przeprowadzono przy A = 264 nm dla

eleuterozydu B i A = 206 nm dla eleuterozydu E i E1.

7.5.2. Analiza HPLC-PDA kwaséw fenolowych

(Publikacja 1) Analize przeprowadzono stosujgc chromatograf EliteLaChrom z
detektorem PDA i oprogramowaniem EZChrom Elite (Merck, Darmstadt, Niemcy). Uzyto
kolumne C18 z odwrécong fazg (Kinetex, Phenomenex, Aschaffenburg, Niemcy) (25 cm x
4,6 mm, 5 um), mieszanina wody (rozpuszczalnik A) i acetonitrylu (rozpuszczalnik B)
zakwaszone 0,025% kwasu trifluorooctowego. Zastosowano elucje gradientowg: 0,0-5,0
min A 95%, B 5%; 5—60 min A od 5 do 20% i B od 95—-80%. Szybko$¢ przeptywu fazy ruchomej
wynosita 1,0 mL/min, temperatura 25 °C. Dane zbierano pomiedzy 210 a 400 nm.
Tozsamos$¢ zwigzkéw ustalono przez porédwnanie czasow retencji i widm UV z
odpowiednimi wzorcami. Analize ilosciowga przeprowadzono przy A = 326 nm dla kwasow

chlorogenowych i A = 260 nm dla kwasu protokatechowego.
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7.5.3. Analiza HS-SPME/GC-MS zwigzkow lotnych

(Publikacja 1) Mikroekstrakcja do fazy stacjonarnej z fazy nadpowierzchniowej (HS-
SPME) zostata przeprowadzona z niewielkimi modyfikacjami wedtug [46]. Pokrétce, 100 mg
wysuszonych owocéw E. senticosus umieszczono w fiolce o pojemnosci 15 mL i
wyekstrahowano wtdknem powleczonym 50/30 um diwinylobenzen-karboksy-
polidimetylosiloksanem (DVB/CAR/PDMS; Supelco, Bellefonte, PE, USA). Jako wzorzec
wewnetrzny zastosowano wodny roztwér 2-undekanonu 2 mg/mL (Merck, Polska).
Réwnowazenie prowadzono w 60 °C przez 15 min, czas ekspozycji wtékien wynosit 15 min,
a desorpcja termiczna trwata 3 min w 250 °C, bezposrednio w porcie wstrzykiwania w
chromatografie gazowym (GC). Wszystkie analizy wykonano w trzech powtérzeniach.

Analize metoda chromatografii gazowej (GC) przeprowadzono przy uzyciu systemu
Agilent 7890B GC sprzezonego ze spektrometrem masowym 7000GC/TQ (Agilent
Technologies, Paolo Alto, CA, USA). Rozdziat przeprowadzono na kolumnie HP-5 MS (30m
x 0,25 mm x 0,25 um) (J&W, Agilent Technologies, Palo Alto, CA, USA) przy statym
przeptywie helu 1 mL/min. Temperature wtryskiwacza ustawiono na 250 °C, a probke
natozono w trybie dzielonym (70:1). Program temperaturowy wynosit 50 °C przez 1 min,
nastepnie 5 °C /min do 120 °C, 8 °C /min do 200 °C, nastepnie do 250 °C w 16 °C /min i
utrzymywany w warunkach izotermicznych przez 2 min. Temperature zrédta MS, linii
przesytowej i kwadrupola ustawiono odpowiednio na 230 °C, 320 °C i 150 °C. Widma
masowe zebrano w trybie skanowania m/z 30-400, a napiecie jonizacji wynosito 70 eV.
Akwizycje danych przeprowadzono przy uzyciu oprogramowania Agilent MassHunter
Workstation (wersja B.08.00).

Identyfikacje zwigzkdw oparto na poréwnaniu fragmentacji wzorcow z bibliotekg widm
masowych NIST17 i poréwnywano je ze wskaznikiem retencji (Rl) uzyskanym przez
obliczenia wzgledem standardu n-alkanowego (C8—-C20; Merc, Polska).

Analize ilosciowg (wyrazong jako procent kazdego zwigzku) przeprowadzono metodg

normalizacji powierzchni pikdw bez wspotczynnika korekgji.
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7.5.4. lzolacja oleju z owocéw Eleutherococcus senticosus i

przygotowanie prébek

(Publikacja 1) Suszone na powietrzu i sproszkowane owoce E. senticosus (5 g)
wyekstrahowano czterokrotnie heksanem (4 x 30 mL) przy uzyciu fazni ultradZzwiekowej (4
x 15 min.). Ekstrakty potaczono i odparowano w wyparce obrotowej. Olej (50 mg)
umieszczono w kolbie miarowej (5 mL) i rozpuszczono w 2-propanolu. Roztwoér
przefiltrowano przez 0,25 um poliamidowy filtr membranowy przed analiza HPLC. Olej (10
mg) rozpuszczono w 500 puL TBME i derywatyzowano przez dodanie 250 puL TMSH. Tak

przygotowane préobki poddano analizie GC-MS.

7.5.5. Analiza HPLC-PDA kwasu ursolowego i tokoferoli w oleju z

owocOw Eleutherococcus senticosus

(Publikacja 1) Analize przeprowadzono na chromatografie VWR Hitachi Chromaster
600 z detektorem z matrycg diodowg 5430, detektorem 5440 FL i oprogramowaniem
EZChrom Elite (Merck, Darmstadt, Niemcy). Do analiz zastosowano kolumne RP18e
LiChrospher 100 (Merck, Darmstadt, Niemcy) (25 cm x 4,0 mm, wielko$¢ czastek 5 um).
Tozsamos$¢ zwigzkédw ustalono przez pordwnanie czasow retencji i widm PDA z
odpowiednimi standardami. Kwas ursolowy oznaczono z wykorzystaniem metodyki
Strzemski et al. [47]. Zastosowano uktad izokratyczny w podstawowych warunkach
chromatograficznych: faza ruchoma sktadata sie z acetonitrylu, wody i 1% wodnego
roztworu kwasu fosforowego (75:25:0,5 v/v/v); szybkos¢ przeptywu eluentu 1,0 mL/min;
temperatura kolumny 10 °C. Objetos¢ wtrysku wynosita 10 pL. Analize oparto na
chromatogramach zarejestrowanych detektorem PDA. Dane zbierano miedzy 200 a 400
nm. Analize ilosciowg przeprowadzono przy A = 200 nm.

Tokoferole oznaczano za pomocg systemu izokratycznego. Faza ruchoma sktadata sie z
acetonitrylu i metanolu (5:95 v/v). Szybkos$¢ przeptywu eluentu wynosita 1,2 mL/min.
Temperature kolumny ustawiono na 30 °C. Objetos¢ wtrysku wynosita 5 pL. Analize
ilosciowg przeprowadzono przy uzyciu detektora fluorescencyjnego o dtugosci fali

wzbudzenia przy A = 296 nm i dtugosci fali emisji przy A = 330 nm.
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7.5.6. Analiza GC-MS kwasow ttuszczowych w oleju z owocéw

Eleutherococcus senticosus

(Publikacja 1) Analize przeprowadzono przy uzyciu systemu Agilent GC—MSD (GC/MSD
6890N/5975) wyposazonego w kolumne kapilarng HP-88 Agilent (60 m x 0,25 mm; grubos¢
filmu 0,20 pum), MSD ChemStation ver. oprogramowanie E.02.02.1431 (Agilent
Technologies, Santa Clara, CA, USA) oraz wtryskiwacz typu split-splitless. Temperature
pomiaru zaprogramowano na przedziat 110 °C do 190 °C z 8 °C /min, utrzymywang przez 2
min w 110 °Ci 13 min w 190 °C. Temperatura wtryskiwacza wynosita 250 °C. Objetos¢
nastrzyku wynosita 1 pL (stosunek podziatu 150:1; przeptyw podzielony 180 mL/min). Jako
gaz nosny zastosowano hel przy szybkosci przeptywu 1,2 mL/min. Jako detektor potaczony
z GC zastosowano kwadrupolowy spektrometr masowy z jonizacjg elektronowg (El) przy 70
eV, z trybem akwizycji petnego skanu (50 m/z do 500 m/z). Temperature zrédta MS i
kwadrupola MS ustawiono odpowiednio na 230 °C i 150. Identyfikacje sktadnikow oparto
na poréwnaniu ich widm masowych z zasobami biblioteki widm masowych NIST oraz

czaséw retencji ze standardami.
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7.6. Analiza fitochemiczna intraktu z owocow Eleutherococcus
senticosus
7.6.1. Profilowanie zwigzkow fenolowych w intrakcie z owocow

Eleutherococcus senticosus z wykorzystaniem HPLC-PDA

(Publikacja 2) Badania zostaty przeprowadzone na chromatografie EliteLaChrom z
detektorem PDA i oprogramowaniem EZChrom Elite (Merck, Darmstadt, Niemcy).
Zastosowano nastepujacy system chromatografii gradientowej: kolumna RP18e
LiChrospher 100 (Merck, Darmstadt, Niemcy) (25 cm x 4,0 mm, wielkos$¢ czastek 5 um) w
25 °C, mieszanina acetonitrylu (rozpuszczalnik A) i wody (Rozpuszczalnik B) oba zakwaszone
0,025% kwasem trifluorooctowym, zastosowano jako faze ruchoma. Zwigzki rozdzielono
metoda elucji gradientowej z programem: 0,0-8,0 min A 10%, B 90%; 8,1-18,0 min A 10-
20%, B 90-80%; 18,1-28,0 min A 20%, B 80%; 28,1-35,0 min A 20-25%, B 80-75%; 35,1-40,0
min A 25%, B 75%. Szybko$¢ przeptywu wynosita 1,0 mL/min. Dane zbierano pomiedzy 190
a 400 nm. Tozsamos¢ zwigzkdw ustalono przez poréwnanie czaséw retencji i widm UV z
odpowiednimi wzorcami. Analize ilosciowg przeprowadzono odpowiednio przy A = 259 nm,
264 nm, 255 nm, 260 nm, 323 nm, 206 nm, 322 nm, 206 nm, 328 nm dla kwasu
protokatechowego, eleuterozydu B, kwasu p-hydroksybenzoesowego, kwasu
wanilinowego, kwasu kawowego, eleuterozydu E, kwas ferulowego, eleuterozydu E1 i

kwasu rozmarynowego.

7.6.2. Profilowanie metabolomiczne cukrow w intrakcie z owocow

Eleutherococcus senticosus stosujgc HPLC-RID

(Publikacja 2) Ocene jakosciowa i ilosciowg przeprowadzono wykorzystujgc
chromatograf Agilent 1200 z detektorem RID. Zastosowano izokratyczny system
chromatograficzny: kolumna Rezex RHM Monosacharyd H+ (Phenomenex, Aschaffenburg,
Niemcy) (30 cm x 7,8 mm, wielkos$¢ czgstek 8 um) w 60 °C, jako faze ruchomg zastosowano
odgazowang wode. Szybkos$¢ przeptywu wynosita 1,0 mL/min. Cukry monitorowano za

pomocg detektora do badania wspodtczynnika zatamania ustawionego na polaryzacje
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dodatnia, a ich tozsamos¢ ustalono przez pordwnanie czaséw retencji i widm UV z
odpowiednimi standardami. Do poréwnawczej analizy jakosciowe]j przeanalizowano 33
cukry (Sigma-Aldrich, St. Louis, MO, USA). W badanych prébkach wykryto i zmierzono

ilosciowo tylko mio-inozytol i D-mannitol.

7.6.3. Catkowita zawartos¢ polifenoli (TPC) w intrakcie z owocéw

Eleutherococcus senticosus

(Publikacja 3) Reakcja Folina-Ciocalteu (F-C) oparta jest na zdolnosci polifenoli do
tworzenia barwnych produktéw z odczynnikiem Folina-Ciocalteu. Warto$¢ absorbancji jest
proporcjonalna do catkowitej zawartosci zwigzkéw fenolowych w badanej prébce [48, 49].
Zastosowano nastepujgce parametry, 25 plL ekstraktu z owocow E. senticosus zmieszano z
25 pL odczynnika Folin-Ciocalteu. Roztwér inkubowano w 25 °C przez 5-8 min, po czym
doprowadzono do objetosci 200 uL wodga destylowang i dodano 25 plL roztworu weglanu
sodu. Po 60 min mierzono absorbancje za pomoca spektrofotometru przy dtugosci fali 750
nm. Kwas galusowy zastosowano jako standard do krzywej kalibracyjnej. Catkowita
zawartos$¢ zwigzkdw fenolowych okreslono z krzywej kalibracyjnej dla kwasu galusowego

w mg rownowaznikéw kwasu galusowego na gram ekstraktu (mg/g).

7.6.4. Catkowita zawartos¢ flawonoidéw (TFC) w intrakcie z owocow

Eleutherococcus senticosus

(Publikacja 3) Catkowitg zawartos$¢ flawonoidéw oznaczono kolorymetryczng metoda
Christa i Mdllera z wykorzystaniem chlorku glinu [50]. Oryginalna metoda zostafa
dostosowana do analiz, wykorzystujgc 25 plL badanych prébek, ktére dodano do 75 uL
etanolu. Nastepnie uzupetniono 10 puL 1M octanu potasu, a po 5 min 10 uL 10% chlorku
glinu. Mieszanine natychmiast rozcieficzono przez dodanie 130 pL wody destylowane;j i
doktadnie wymieszano. Absorbancje okreslono przy 510 nm, po 30 minutowej inkubacji w

zacienieniu. Jako wzorzec do krzywej kalibracyjnej zastosowano kwercetyne. Catkowitg
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zawartos$¢ flawonoidow w ekstrakcie wyrazono jako mg réwnowaznikdw kwercetyny na

gram ekstraktu (mg/g).

7.6.5. Catkowita zawartos¢ kwasow fenolowych (TPAC) w intrakcie z

owocOw Eleutherococcus senticosus

(Publikacja 3) Oznaczenie catkowitej zawartosci kwaséw fenolowych metodg Arnova
[51]. Zmieszano 25 pL kazdego z ekstraktéw z 150 pL wody, 25 L kwasu solnego (18 g/L),
25 plL odczynnika Arnova (10 g molibdenianu sodu i 10 g azotanu sodu rozpuszczonego w
100 mL metanolu) i 25 uL roztworu wodorotlenku sodu (40 g/L). Pomiaru dokonano przy
dtugosci fali 490 nm, zawarto$¢ kwaséw fenolowych obliczono jako procent kwasu

kawowego.
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7.7. Analiza fitofarmakologiczna intraktu z owocéw Eleutherococcus
senticosus
7.7.1. Przygotowanie roztwordw intraktu z owocow Eleutherococcus

senticosus do testow cytotoksycznych

(Publikacja 2) Intrakt rozpuszczono w 20% EtOH w PBS (10 mg/mL). Eleuterozyd B (2
mg/mL) i eleuterozyd E (2 mg/mL) rozpuszczono w EtOH z DMSO (obj./obj. 20%). Przed
dodaniem do hodowli komérkowych wszystkie probki rozcienczono pozywka DMEM 2%
FBS. Prébki badano w stezeniach 2,35, 4,7, 9,4, 18,8, 37,5, 75, 150, 300 ug/mL. Stezenie
koricowe ustalono na 300 pg/mL dla intraktu i 100 pg/mL (0,26 uM) dla eleuterozydu B i
100 pg/mL (0,13 uM) dla eleuterozydu E, co byto réwnoznaczne z najwyzszg wartoscia,
ktéra nie wywotata efektu cytopatycznego (ang. cythopatic effect — CPE) w komérkach. Jako
kontrole pozytywne zastosowano LPS (1 pg/mL), cydofowir (100 pg/mL), rybawiryne (100

ug/mL). Stosowane stezenie DMSO (<0,1%) nie miato wptywu na wyniki testow.

7.7.2. Oznaczenie stezenia cytotoksycznego CCs intraktu z owocow

Eleutherococcus senticosus

(Publikacja 2) Dziatanie cytotoksyczne intraktu na komérki ludzkiego nowotworu ptuc
A549 (ATCC® CCL-185TM) zostato okreslone przy pomocy testu z btekitem trypanu oraz
metodg MTT. Subkonfluentne monowarstwy komaérek nowotworowych A549 (1,8 x 10*
komoérek/studzienke) zawieszonych w medium Dulbecco Minimal Essential Medium
(DMEM) uzupetnione 5% ptodowg surowicg bydlecg (FBS), antybiotykami (100 U/mL
penicyliny i 100 ug/mL streptomycyny) i 2 mM L-glutaminy (Sigma Aldrich, USA). Nastepnie
inkubowano w 96-dotkowych ptytkach z dodatkiem badanych substancji w stezeniu 300,
150, 75, 37,5, 18,8, 9,4, 4,7, 2,35 pug/mL, w trzech powtdrzeniach, przez 72 godziny w 37 °C
w atmosferze z 5% CO,. W trakcie inkubacji obserwowano zmiany w morfologii komaérek
wskazujace na cytotoksycznosé (CTE, efekt cytotoksyczny) i oceniano je w skali: 0 - brak
cytotoksycznosci; 1 — do 25%, 2—do 50%, 3—do 75%, 4—100% cytotoksycznosci Nastepnie

wykonano test MTT, dodajac do kazdego dotka 20 pl roztworu MTT (Promega, Madison,
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WI, USA). Po inkubacji ptytek przez 3h w temperaturze 37 °C, 5% CO,, dodano roztwor
inaktywujacy (SDS-HCI - 100 pL do kazdej studzienki), po czym zmierzono wartosci
absorbancji przy 570 nm (spektrofotometr Multiskan RC, Thermo Labsystems, USA).
Stezenie cytotoksyczne 50% (CCso) okreslono na podstawie odczytu mikroskopowego (CTE).
CCso zdefiniowano jako stezenie, ktore zmniejszyto zywotnos¢ komédrek o 50% w stosunku

do kontroli bez leku.

7.7.3. Aktywno$¢ wirusobdjcza intraktu z owocdw Eleutherococcus

senticosus i eleuterozydéw B i E

(Publikacja 2) Zwiazki testowano przeciwko wirusowi VSV- wirus pecherzykowego
zapalenia jamy ustnej (szczep Indiana; ATTC VR-1238TM, Rhabdoviridae); jako kontrole
zastosowano cydofowir i rybawiryne. Probki wirusa VSV-107 TCIDso/mL wytworzono przez
infekcje pojedynczych warstw hodowli komérkowej A549. Kazdy test przeprowadzono
trzykrotnie. Aktywnos¢ wirusobdjcza intraktu oraz eleuterozydéw B i E, zostata oceniona
poprzez inkubacje wiruséw in vitro z badanymi substancjami. Wirusy inkubowano przez 2
godziny w temperaturze pokojowej z nietoksycznym stezeniem kazdego zwigzku.
Jednoczesnie, te samg ilos¢ wirusa inkubowano z pozywka hodowlang jako kontrolg. Po
uptywie wyznaczonego czasu inkubacji, wirusy zmiareczkowano (10 do 108) i wysiano na
monowarstwy komérek nowotworowych linii komdrkowej A549 wysianych na 96-
dotkowych ptytkach (na 24 godziny przed eksperymentem (2x10* komérek/studzienka)).
Ptytki inkubowano przez 72 godziny w 37 °C w wilgotnej atmosferze z 5% CO,. Efekt
cytopatyczny (CPE) okreslono na podstawie odczytu mikroskopowego jak réwniez stosujgc

metode z MTT. Punktacja CPE wynosita od 0 (brak CPE) do 4 (100% CPE).

7.7.4. Test proliferacji leukocytéw krwi obwodowej stymulowanych

intraktem z owocdw Eleutherococcus senticosus

(Publikacja 2) I1zolacja leukocytéw krwi obwodowej (PBL): zgodnie z zasadami Deklaracji
Helsinskiej, krew z zyt obwodowych zostata pobrana od zdrowych ochotnikéw (30-40 lat)

w Szpitalu Collegium Medicum w Bydgoszczy. Stan zdrowia ochotnikdw uznano klinicznie
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za dobry, rutynowe badania laboratoryjne nie wykazaty odchylein od normy, nie brali
zadnych lekéw. Badanie zostato zatwierdzone przez Komisje Bioetyczng (Uniwersytet
Mikotaja Kopernika). PBL izolowano zgodnie ze standardowym protokotem z krwi
obwodowej uzupetnionej antykoagulantami (EDTA), przez wirowanie gradientowe w
Gradisol G, o gestosci 1,115 g/mL (AquaMedica, Poznan, Polska). Leukocyty zebrano,
przemyto dwukrotnie RPMI 1640, uzupetniono 2% FBS i zawieszono w tej pozywce z

gestoscig 2 x 10° komérek/mL.

PBL izolowane od zdrowych ochotnikéw wysiano w gestosci 1 x 10° komérek/mL na 24-
studzienkowych ptytkach DMEM z 5% FBS, w 500 uL. Nastepnie dodano 500 plL roztworu
probki intrkatu z owocéw E. senticosus lub LPS (1 ug/mL; studzienki kontrolne) i ptytki
inkubowano 48 godzin w inkubatorze (37 °C, 5% CO>). Kazdym zwigzkiem stymulowano trzy
rézne probki krwi. Nastepnie wykonano test MTT. Zywotno$¢ komérek (%) obliczono dla
kazdego stezenia jako Srednig Abs/ Abskontroli X 100, gdzie Abs i Abskontrola 3 0dczytami
absorbancji dla studzienek ze zwigzkami i bez zwigzkéw. Kontrole tta (kontrole

rozpuszczalnika) odjeto od wszystkich pomiaréw przed obliczeniami.

7.7.5. Oznaczenie stezenia cytokin w komdrkach PBL stymulowanych

intraktem z owocow Eleutherococcus senticosus

(Publikacja 2) Poziomy cytokin (IL-2, IL-10) oznaczano w supernatantach nad
niezakazonymi wirusem hodowlami PBL, traktowanymi i nietraktowanymi intraktem.
Zestaw ELISA (IL-10, ELISA MAX, Biolegend; IL-2, Life Technologies) wykorzystano zgodnie
z instrukcjami producenta. Gestos¢ optyczng mierzono przy dtugosci fali 450 nm z korekcja
przy A = 570 nm przy uzyciu spektrofotometru Multiskan RC (Thermo Labsystems, USA).

Stezenia cytokin wyrazono w pg/mL.
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7.7.6. Ocena wzbudzenia odpornosci wrodzonej komorek PBL przez

intrakt z owocow Eleutherococcus senticosus

(Publikacja 2) Odporno$¢ wrodzong okreslano oceniajgc opornos¢ komorek PBL na
infekcje VSV, jak opisano wczesniej przez Orzechowska et al. [58]. Pokrétce, leukocyty (1 x
10%/mL) zostaty zakazone wirusem pecherzykowego zapalenia jamy ustnej (VSV) (100
TCIDso - 50% dawki zakazajacej hodowle tkankowg). Po 40 min adsorpcji w temperaturze
pokojowej wirus usunieto przez trzykrotne przemycie 5 mL RPMI 1640 i 2% FBS. Nastepnie
do studzienek dodano 1 mL pozywki hodowlanej lub rozcienczonego badanego zwigzku,
tak aby koricowe stezenia uzytych zwigzkéw wynosity 300 pug/mL dla intraktu i 100 pg/mL
dla eleuterozyddéw B i E. Kazdy zwigzek byt uzywany do stymulacji trzech losowo wybranych
prébek krwi (zakazonych wirusem). Zainfekowane komérki inkubowano w 37 °C przez 48
godzin. Jedng probke zainfekowanych komodrek odtgczono od badanych i przechowywano
oddzielnie w temperaturze 4 °C, aby stuzyta jako kontrola ptukania. Miana wirusa VSV w
probkach oznaczano w komdrkach L929. Miano VSV wyzsze niz 4 log TCIDsp uznawano za
niedobdr opornosci/odpornosci wrodzonej, miano 2-3 log wskazywato na opornosé

czesciowg, a miano 0-1 log na catkowitg opornos¢/odpornos¢ wrodzong przeciwwirusowa.

7.7.7. Analiza wtasciwosci antyoksydacyjnych intraktu z owocéw

Eleutherococcus senticosus z wykorzystaniem ABTS

(Publikacja 3) Do oceny dziatania przeciwutleniajgcego zwigzkéw naturalnych w lekach
roslinnych stosuje sie wiele metod, jedng z nich jest metoda z odczynnikiem ABTS. Test z
zastosowaniem ABTS mierzy wzgledng zdolnos¢ antyoksydantéw do rozktadu ABTS w fazie
wodnej w poréwnaniu ze standardem [52, 53]. W oparciu o oryginalng metode 10 puL
badanych prébek inkubowano przez 30 min z 190 plL roztworu ABTS w ciemnosci.
Absorbancje mierzono przy diugosci fali 734 nm. Jako zwigzek odniesienia zastosowano

kwas askorbinowy. Wyniki obliczono za pomoca nastepujacego réwnania:
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Aplank—A4 l
Yonprs = (—— — =) x 100%
blank

Aplank— Absorbancja préby slepej

Asample— Absorbancja préby badanej

7.7.8. Analiza wtasciwosci antyoksydacyjnych intraktu z owocéw

Eleutherococcus senticosus z wykorzystaniem DPPH

(Publikacja 3) Inng metodg pomiaru zdolnosci antyoksydacyjnej badanych prébek jest
wykorzystanie DPPH (2,2-difenylo-1-pikrylohydrazyl-hydrat). Mechanizm testu polega na
redukcji DPPH w obecnosci antyoksydantdw w badanych probkach, co wigze sie ze
spadkiem absorbancji [52, 54]. Do 10 ulL ekstraktéw w potgczeniu z 280 uL roztworu DPPH,
dodano 10 pL metanolu, mierzono absorbancje przez 1 h przy 515 nm. Jako zwigzek
odniesienia zastosowano kwas askorbinowy. Wyniki obliczono z nastepujacego rownania:

(Acontrol — (Asample-Ablank )
Acontrol

DPPH = ( ) x 100%

Acontroi—Absorbancja DPPH
Asample— Absorbancja ekstraktu/standardu

Asplank— Absorbancja MeOH

7.7.9. Analiza zdolnosci chelatujagcych intraktu z owocéw

Eleutherococcus senticosus z wykorzystaniem ferrozyny

(Publikacja 3) Zastosowano test kolorymetryczny [55 — 57]. 75 pL prébki badanej
inkubowano przez 5 min w temperaturze 25 °C z 15 pL roztworu FeCly, uzupetniono
etanolem do objetosci 200 pL mieszaniny reakcyjnej. Nastepnie dodano 15 pL roztworu
ferrozyny iinkubowano przez 5 min w temperaturze 25 °C. W rezultacie przeprowadzonych
reakcji, zredukowany kompleks ferrozyny przybiera niebieski kolor. Procentowg zawartos¢
chelatowanego zelaza w prébce okresla sie przez poréwnanie absorbancji (560 nm) prébki

z absorbancjg kwasu askorbinowego. Wyniki oszacowano za pomocg nastepujacego wzoru:
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Ablank_Asample) x 100%
e omTPe A

0, -
YOCHELATING EFFECT = (
Ablank

Aplank—Absorbancja proby slepej
Asample—Absorbancja proby badanej

7.7.10. Ocena inhibicji tyrozynazy przez intrakt z owocow

Eleutherococcus senticosus

(Publikacja 3) Do oceny inhibicji tyrozynazy uzyty zostat zestaw firmy Sigma-Aldrich
(Saint Louis, MO, USA) [57]. Tyrozynaza jest enzymem, ktory przeksztatca L-tyrozyne w L-
DOPA i L-DOPA w DOPA-chinon, co w rezultacie przektada sie na zmiane barwy roztworu
poreakcyjnego na brgzowa. 10 pL prébki (1 mg/mL), 140 pL buforu fosforowego (pH = 6,8)
i 25 pL enzymu (125 U/mL w buforze fosforowym pH = 6,8) inkubowano w temperaturze
pokojowej przez 10 min. Przygotowano takze prébe kontrolng bez dodatku inhibitora (Ac).
Po inkubacji, do kazdego dotka dodano 25 uL L-tyrozyny (0,3 mg/mL) i zmierzono
absorbancje przy 510 nm (model kinetyczny, co 5 minut). Zakres liniowy wykresu zostat
nastepnie podzielony na dwa punkty czasowe (T: i T2). Analize wykonano w trzech
powtdrzeniach. Jako standard zastosowano kwas kojowy (0,01 mg/mL). Procent inhibicji
enzymu obliczono wedtug réwnania:

AAc—AAg
c

x 100%

0, -
A)INHIBITION =

Ac—Rdznica w absorbancji pomiedzy czasami T2 i T1 dla kontroli pozytywnej

As— Rdznica w absorbancji pomiedzy czasami T2 i T1 dla préby badanej

7.7.11. Ocena inhibicji hialuronidazy przez intrakt z owocéw

Eleutherococcus senticosus

(Publikacja 3) Inhibicja hialuronidazy (Sigma Aldrich, Saint Louis, MO, USA) jest
dwuetapowg reakcjg turbidymetryczna, na podstawie, ktdrej mierzona jest ilos¢ kwasu
hialuronowego (HA). Spadek zmetnienia jest proporcjonalny do aktywnosci enzymatycznej
w probce [59]. 10 pL prébki (0,5 mg/mL), 15 uL buforu octanowego (Ph = 5,35), 25 uL

buforu do inkubacji (pH = 5,35, 0,1 mg/mL BSA, 4,5 mg/mL NacCl) i 25 pL enzymu (30 U/mL,
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bufor do inkubacji) inkubowano przez 10 minut w 37 °C, nastepnie dodano 25 ulL roztworu
kwasu hialuronowego (0,3 mg/mL w buforze octanowym pH = 5,35). Ptytki inkubowano w
37 °C przez 45 min. Po tym czasie, niezhydrolizowany HA wytragcono przez dodanie 200 pL
2,5% bromku cetylotrimetyloamoniowego (CTAB). Przez 10 min ptytki inkubowano w
temperaturze 25 °C, intensywnos$¢ tworzenia kompleksu mierzono przy dtugosci fali 600
nm. Kazdg prdébe przeprowadzono trzykrotnie. Jako substancje referencyjng zastosowano
escyne (0,01 mg/mL). Procent inhibicji hialuronidazy okreslono wedtug réwnania:

As—Ac
Y6INHIBITION = x 100%
Ar-Ac

As—Absorbancja HA + prébki + enzymu
Ac— Absorbancja HA + enzymu

Ar— Absorbancja HA + prébki

7.7.12. Ocena inhibicji acetylocholinoesterazy przez intrakt z owocow

Eleutherococcus senticosus

(Publikacja 3) Acetylocholinesteraza (AChE) katalizuje hydrolize acetylocholiny na
choline i kwas octowy. Do okreslenia stopnia inhibicji AChE zastosowano zestaw z firmy
Sigma Aldrich (Saint Louis, MO, USA). Zasada dziatania metody opiera sie na zmianie
zabarwienia mieszaniny reakcyjnej po dodaniu odczynnika wywotujgcego - kwasu 5,5'-
ditiobis-(2-nitrobenzoesowego) (DTNB). Intensywnos¢ barwy jest proporcjonalna do
aktywnosci enzymatycznej AChE w badanych probkach [60]. Analize przeprowadzono na
96-dotkowej ptytce. 45 puL enzymu (0,4 U/mL, pH = 7,5 buforu fosforowego) i 5 pL prébki
(0,1 mg/mL) inkubowano w temperaturze pokojowej przez 15 min. Po inkubacji, dodano
155,5 pL roztworu (154 pL buforu, 1 plL substratu i 0,5 uL DTNB), nastepnie zmierzono
absorbancje w dwoch punktach, To i T1o, przy dfugosci fali 405 nm. Wszystkie préby byty
testowane trzykrotnie. Jako standard zastosowano fizostygmine (0,05 mg/mL). Do

obliczenia inhibicji tyrozynazy zastosowano nastepujace réwnanie:
YoINHIBITION = 1;—215 x 100%

As — absorbancja acetylocholiny + enzym + prébka

Ac — absorbancja acetylocholiny + enzym
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7.7.13. Analiza cytotoksycznosci intraktu z owocéw Eleutherococcus

senticosus

(Publikacja 3) FaDu to linia komdrkowa o morfologii nabtonka, ktéra zostata pobrana
od pacjenta z rakiem ptaskonabtonkowym. Komodrki HEPG2 (HepG2) to ludzka linia
komdrkowa raka watroby. Ze wzgledu na wysoka specjalizacje komdérkowg (zaréwno
funkcjonalng, jak i morfologiczng) komdrki HepG2 i FaDu sg odpowiednim modelem do
badania aktywnosci cytotoksycznej ksenobiotykéw in vitro [61, 62].

Linie komdrkowe FaDu i HepG2 pozyskane zostaty z American Type Culture Collection
(Manassas, VA, USA) i hodowane przy uzyciu EMEM (Sigma Aldrich, Saint Louis, MO, USA)
uzupetnionego 10% ptodowg surowicg bydleca (Sigma Aldrich, Saint Louis, MO, USA), 100
U/mL penicyliny i 100 mg/mL streptomycyny (PenStrep, Sigma Aldrich, Saint Louis, MO,
USA). Linie komdrkowe inkubowano w 37 °C, w wilgotnej atmosferze oraz 5% CO,.
Dziatanie cytotoksyczne ekstraktéw i substancji odniesienia badano za pomocg testu MTT
(Sigma Aldrich, Saint Louis, MO, USA), zgodnie z procedurg producenta [63]. Roztwory
podstawowe testowanych zwigzkédw przygotowano rozpuszczajgc je w DMSO. Zawiesine
komérek przygotowano w gestosci 1 x 10° komodrek/mL. Komérki inkubowano przez 24 h z
réznymi stezeniami badanych zwigzkéw (1-100 pg/mL). Absorbancje mierzono przy 570
nm za pomocg czytnika mikroptytek (Epoch, BioTek Instruments, Santa Clara, CA, USA).
Kazdy eksperyment powtdrzono trzy razy. Wyniki przedstawiono jako % zywotnosci

komadrek wobec préby kontrolnej.
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8. ANALIZA STATYSTYCZNA

Oznaczenia wykonano w trzech powtdrzeniach. Dane poddano analizie statystycznej
przy uzyciu programu Statistica 7.0. (StatSoft, Krakéw, Polska) - Publikacja 1, programu
Statistica 12.0. (StatSoft, Krakdw). - Publikacja 2, Statistica 13.1 (StatSoft, Krakéw, Polska)

— Publikacja 3. Wyniki poddano jednokierunkowej analizie wariancji.

Publikacja 1 - réznice statystyczne miedzy badanymi grupami oszacowano za pomocg
testu Spearman’a (R) i Person’a (r). Wszystkie testy statystyczne przeprowadzono na
poziomie istotnosci a = 0,05.

Publikacja 2 - rdznice statystyczne miedzy badanymi grupami oszacowano testami
Spearman’a (R) i Wilcoxon’a. Wszystkie testy statystyczne przeprowadzono na poziomie
istotnosci a = 0,05

Publikacja 3 - rdznice statystyczne miedzy zawartosciag zwigzkéw fenolowych i
polifenolowych w intractum i ekstrakcie oszacowano za pomocay testu t-Studenta.
Przeprowadzono test ANOVA w celu pordwnania aktywnosci przeciwutleniajacej i
antyenzymatycznej intraktu, ekstraktu i substancji referencyjnych. Do analizy post-hoc
wykorzystano test Scheffe’go. Wszystkie testy statystyczne przeprowadzono na poziomie

istotnosci p = 0,05.

Zakres badan w poszczegolnych publikacjach obejmowat:

Publikacja 1: Pharmacognostic evaluation and HPLC-PDA and HS-SPME/GC-MS
metabolomic profiling of Eleutherococcus senticosus fruits. Molecules. 2021 Mar 31;

26(7):1969.

Analiza mikroskopowa owocow, ekstrakcja owocéw oraz analiza po katem skfadu
chemicznego:

- analiza farmakognostyczna owocéw,

- ocena zawartosci eleuterozyddéw B, E, E1 w owocach E. senticosus z wykorzystaniem

HPLC-PDA,
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- ocena zawartosci kwaséw fenolowych w owocach E. senticosus z wykorzystaniem
HPLC-PDA,

- ocena zawartosci zwigzkdw lotnych, zawartosci tokoferoli, kwasu ursolowego w oleju
z owocow E. senticosus z wykorzystaniem HS-SPME/GC-MS oraz HPLC-PDA,

- ocena zawartosci kwaséw ttuszczowych w ekstraktach olejowych z owocoéw E.
senticosus z wykorzystaniem GC-MS,

- analiza statystyczna otrzymanych wynikéw.

Publikacja 2: The intractum from the Eleutherococcus senticosus fruits affects the
innate immunity in human leukocytes: From the ethnomedicinal use to contemporary

evidence-based research. Journal of Ethnopharmacology. 2021 Mar 25; 268:113636.

Przygotowanie intraktu z owocéw E. senticosus oraz jego ocena pod wzgledem
chemicznym oraz farmakologicznym i cytotoksycznym:

- ekstrakcja polifenoli z intraktu,

- profilowanie metabolomiczne zwigzkéw fenolowych z wykorzystaniem HPLC-PDA,

- ocena zawartosci cukrow z wykorzystaniem HPLC-RID,

- okreslenie stezenia cytotoksycznego i ustalenia wartosci CCso,

- ocena aktywnosci wirusobdjczej intraktu, eleuterozydéw B i E,

- ocena przezywalnosci i proliferacji krwinek biatych PBL, wzrostu produkcji cytokin oraz
ocena pobudzenia i wzrostu odpornosci komoérek zainfekowanych wirusem VSV po
stymulacji intraktem,

- analiza statystyczna otrzymanych wynikéw.
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Publikacja 3: Phenolic profile, antioxidant, anti-enzymatic and cytotoxic activity of the
fruits and roots of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. Molecules. 2022

Aug 30; 27(17):5579.

Analiza intraktu z owocéw E. senticosus oraz jego ocena pod wzgledem chemicznym,
ocena jego aktywnosci przeciwutleniajgcej, przeciwenzymatycznej oraz cytotoksycznej:

- analiza sktadu chemicznego intraktu z oznaczeniem catkowitej zawartosci polifenoli
(TPC), catkowitej zawartosci flawonoidéw (TFC), catkowitej zawartosci kwasow fenolowych
(TPAC)

- analiza aktywnosci przeciwutleniajacej intraktu z wykorzystaniem testu z DPPH i ABTS,

- analiza zdolnosci chelatujgcych intraktu z wykorzystaniem ferrozyny,

- ocena aktywnosci antyenzymatycznej intraktu wzgledem tyrozynazy, hialuronidazy,
acetylocholinoesterazy,

- ocena cytotoksycznosci intraktu wobec komérek nowotworowych linii FaDu i HepG2,

- analiza statystyczna otrzymanych wynikéw.
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9. OMOWIENIE WYNIKOW BADAN i DYSKUSJA

Wyniki przeprowadzonych badan zostaty szczegétowo omdwione, z uwzglednieniem
aktualnych doniesien literaturowych. Wspdlnymi cechami prowadzonych badan byfa
analiza sktadu chemicznego owocow E. senticosus i otrzymanego z nich intraktu, a takze

ocena jego aktywnosci farmakologicznej pod katem dziatania adaptogennego.

9.1. Analiza farmakognostyczna owocow Eleutherococcus senticosus —

analiza mikroskopowa

(Publikacja 1) Dobér materiatu roslinnego do badan jak i dla przetwdrstwa
farmaceutycznego, o odpowiednich cechach fitochemicznych, jest waznym aspektem,
ktory przektada sie na otrzymanie wysokiej jakosci produktu koncowego. Istnieje wiele
doniesien na temat rdéznic w jakosci importowanych do Europy surowcéw roslinnych,
dlatego tak wazna jest wtasciwa i trafna ocena makro- i mikroskopowa surowca pod
wzgledem cech farmakognostycznych, ktéra zapobiegnie przed uzywaniem surowca
zafatszowanego, ktory nie wykazuje pozgdanych wtasciwosci leczniczych [64].

W toku niniejszych badan, ocenie mikroskopowej pod wzgledem cech anatomicznych
zostaty poddane owoce E. senticosus. Budowa anatomiczna owocéw jest zblizona do
wiekszosci gatunkéw z rodziny Araliaceae, w przekroju poprzecznym w wewnetrznej strefie
mezokarpu widoczne sg kanaty wydzielnicze wypetnione zéttymi kropelkami oleju. Ich
obecnosé, a takze obecnosc druzéow w tej strefie oraz czerwonych chromoplastéow w strefie
zewnetrznej mezokarpu, moze postuzyé jako swoisty marker anatomiczny do identyfikacji
owocow tego gatunku. Nasze doniesienia sg zgodne z Solomonowa et al. [65].

W oparciu o analize mikroskopowag proszku z wysuszonych owocéw mozna okresli¢ jego
nastepujace cechy anatomiczne: obecnos¢ Scisle do siebie przylegajacych komorek
naskorka, endokarp zawierajgcy wtdkna zorientowane skosnie do osi kamienia, obecnos¢
kanatow wydzielniczych w mezokarpie, ktére sg wypetnione olejem, zaokraglone komaorki
migzszu. Z kolei, za cechy diagnostyczne mozna uznac druzy i chromoplasty w mezokarpie

oraz krople oleju ttuszczowego w bielmie.
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Wytypowane markery anatomiczne sg przydatne do identyfikacji dostarczanych do
badan i produkcji farmaceutycznej owocéw E. senticosus, moga byC¢ przydatne do
opracowania monografii dla tego surowca, zgodnie z zaleceniami Europejskiej Agencji

Lekow.
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9.2. Analiza fitochemiczna owocow Eleutherococcus senticosus

Rosdliny wytwarzajg dziesigtki zwigzkdw, ktéore odpowiadajg za ich aktywnosé
farmakologiczng i czesto cechuja sie wtasciwosciami odrebnymi niz zwigzki syntetyczne.
Jedng z najbardziej rozpowszechnionych grup zwigzkdw roslinnych s polifenole.

(Publikacja 1) Wysokosprawna chromatografia cieczowa (HPLC) jest wiodacg technikg
stosowang w analizie metabolitow roslinnych, jest czesto wykorzystywana jako technika
pilotazowa do separacji i identyfikacji zwigzkéw polifenolowych. Materiat do badan
stanowity cate owoce, nasiona i owocnie uzyskane z 4-letnich okazéw E. senticosus. W
pierwszym etapie analiz fitochemicznych zastosowano HPLC-PDA oraz GC-MS. Stosujac
ekstrakcje wspomagang ultradzwiekami otrzymano ekstrakty z wydajnoscig (%) na
poziomie 20 (cate owoce), 26 (nasiona) i 33 (owocnie). W kolejnym etapie dokonano analizy
HPLC-PDA eleuterozyddw B, E, E1, kwasu chlorogenowego, kwasu protokatechowego. Na
podstawie uzyskanych wynikéow badan, sposrdéd trzech eleuterozydéw (B, E i E1), tylko
eleuterozydy B i E (Sredniopolarne) zostaty oznaczone w ekstraktach z catych owocéw —
odpowiednio 0,66 i 0,74 mg/g suchego ekstraktu. Wyniki badan wskazaty na obecnosé tych
zwigzkow w innych strukturach owocéw (nasiona i owocnia), jednak ich stezenie jest nizsze
niz w catych owocach.

Dane literaturowe donoszg o zawartosci eleuterozydéw B i E w metanolowych
ekstraktach z owocow E. senticosus pozyskanych z 4-letniej rosliny na poziomie 35,6 i 29,7
mg/100g ekstraktu. Ponadto, wykazano, ze ekstrakty otrzymane z owocow roslin 2 i 3-
letnich nie zawieraty tych zwigzkéw [66].

Na podstawie badan wtasnych stwierdzono, ze cate owoce E. senticosus sg bogatym
zrédtem kwasu chlorogenowego (1,08 mg/ g suchego ekstraktu) w poréwnaniu z owocnig
i nasionami (0,66 i 0,76 mg/g suchego ekstraktu). Wykazano takze znaczace ilosci kwasu
protokatechowego (0,08 mg/g suchego ekstraktu). Doniesienia literaturowe wskazujg na
wysoka zawartos¢ kwasu chlorogenowego w metanolowych ekstraktach z owocdéw rosliny
4-letniej (409.2 mg/100g), [66]. Z kolei wodne ekstrakty z owocow zawieraty 0,57 mg/g
suchej masy kwasu chlorogenowego [67].

W celu identyfikacji sktadnikéw lotnych zastosowano HS—SPME w potaczeniu z GC-MS,

zidentyfikowano 38 skfadnikow lotnych, co stanowi 93,9% catkowitej sumy.
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Zidentyfikowane zwigzki sg przedstawicielami grupy weglowodoréw monoterpenowych i
monoterpenéw utlenionych (13,2%) oraz weglowodoréw seskwiterpenowych i
seskwiterpendw utlenionych (76,6%). Wsréd tych grup zwigzkami dominujgcymi byty: (E)-
B-farnezen (19.46 + 0.78%), germakren D (12.88 + 1.10%), (E,Z)-a-farnezen (12.84 + 0.85%),
i B-bisabolen (12.64 + 0.70%). Nalezy pamietaé, ze sktad ilosciowy i jakosciowy
poszczegdlnych sktadnikdw moze by¢ réiny, w zaleznosci od pochodzenia rosliny, co
zostato potwierdzone badaniem skfadu okazéw pozyskanych z réznych terytoriow (Rosja,
Chiny), [68]. Co wiecej, Zatuski et al. udowodnili, ze na sktad zwigzkéw lotnych moze mieé
wptyw czas przechowywania surowca leczniczego [69].

W kolejnym etapie badarn dokonano ekstrakcji heksanem oleju z owocéw (wydajnosé
5,4 + 0,015%). Otrzymano olej potstaty, zielonawozottej barwy, z charakterystycznym
zapachem, o absorpcji $wiatta w zakresie 190-430 nm oraz 600-680 nm. Wysoki pik
absorbancji przy dtugosci fali 269 nm moze wskazywaé na obecnos¢ tokoferoli, zwtaszcza
a-tokoferolu, ktérego zakres absorbancji przypada na 265-310 nm [70]. Natomiast, pik
absorbancji przy dtugosciach fal 407 nm oraz 660-680 nm moze wskazywaé na obecnosé
chlorofiléw. Analiza HPLC pozwolita ustali¢, ze badany olej zawierat chlorofil A (12,43 mg/g),
chlorofil B (3,67 mg/g), zawartos¢ karotenoiddéw wyniosta 10,13 mg/g oleju.

Analiza chromatograficzna (HPLC-PDA) wykazata dominujgcy pik z czasem retenc;ji 7,25
min, ktory zostat zidentyfikowany jako mieszanine 8- i y-tokoferoli, a ich zawarto$¢ zostata
okreslona na 1,36 mg/g oleju, co stanowi umiarkowang warto$¢ na tle innych olejow
pozyskanych z nasion i owocéw innych roslin [71]. Zawartos¢ a- i 6-tokoferolu wynosita
odpowiednio 0,29 0,33 mg/g oleju. Poréwnujac dostepne dane literaturowe, nasuwajg sie
whnioski, ze olej pozyskany z owocow E. senticosus moze stanowic bogate Zrodto 6-
tokoferolu, gdyz zawiera prawie trzykrotnie wieksze ilosci tego zwigzku niz na przyktad olej
sojowy [72].

Stosujagc  GC-MS zidentyfikowano w oleju 5 rodzajow kwasoéw ttuszczowych,
stanowigcych 24% sktadu oleju, 3 sposrdd zidentyfikowanych, stanowity kwasy
nienasycone, t.j. kwas linolenowy (18%), kwas oleinowy (5,36%), a takze kwas a-linolenowy
(0,40%). Z kolei, kwasy nasycone (palmitynowy i stearynowy) stanowity tacznie 2,5%

zawartosci oleju. Na tej podstawie mozna sadzic, ze olej pozyskany z owocéw E. senticosus
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jest bogatym Zrédtem kwasdw nienasyconych, mimo Zze stosunek n-3 kwaséw do n-6
kwasOw nie jest korzystny z punktu widzenia dietetycznego.

Jak wynika z literatury, owoce E. senticosus zawierajg kwas ursolowy [73], dlatego, w
niniejszej pracy oceniono zawarto$¢ tego triterpenu w oleju z nasion technikg HPLC-PDA.
Wykazano, ze jego zawarto$¢ wynosita 35,72 mg/g oleju. Uwzgledniajgc zawarto$¢ oleju w
owocach, mozna stwierdzié, ze zawartos¢ kwasu ursolowego w samych owocach wynosi
okoto 1,9 mg/g. Wyniki badan wtasnych pokazuja, ze owoce E. senticosus sg znacznie
bogatszym zrédtem kwasu ursolowego niz podajg wczesniejsze doniesienia. Jang et al. [73]
stwierdzili, ze 100 g owocéw zawiera okoto 3,5 mg kwasu ursolowego. Rdznica ta moze
wynika¢ z charakteru fizykochemicznego rozpuszczalnikéw zastosowanych do ekstrakgji,

heksan w przypadku badan wtasnych i metanol w przypadku badan Jang’a et al.
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9.3. Analiza fitochemiczna intraktu z owocow Eleutherococcus

senticosus

(Publikacja 2) Aktywnos$¢ adaptogenna zwigzana jest z obecnoscig metabolitow
wtérnych, bardzo czesto charakterystycznych tylko dla niewielkiej grupy roslin. Pierwotne
i wtérne metabolity sg odpowiedzialne za dziatanie farmakologiczne surowca roslinnego
oraz jego przetworow. W przypadku Eleutherococcus gtdwnymi wtérnymi metabolitami sg

eleuterozydy, zwtaszcza eleuterozyd B i E, [8].

. Brak tych
zwigzkéw moze wynikac z roznicy w ich polarnosci i polarnosci rozpuszczalnika uzytego do
przygotowania intraktu. Warstwa octanu etylu okazata sie bogata w kwas kawowy (3,85
mg/g suchego intraktu i protokatechowy (1,16 mg/g suchego intraktu). Drugg grupe
badanych metabolitéw stanowity cukry. W intrakcie zidentyfikowano mio-inozytol (267,5
mg/g suchego intraktu) i D-mannitol (492,5 mg/g suchego intraktu). Mio-inozytol jest
alkoholem cukrowym o dziataniu immunostymulujagcym, doniesienia literaturowe
wskazuja, ze stosowany w dawkach od 232,7 do 687,3 mg/kg w diecie moze wzmacniaé
nieswoistg i swoistg odpowiedZ immunologiczng u ryb (karp Jian, Cyprinus carpio var. Jian)
mierzong jako wzrost aktywnosci fagocytarnej leukocytow [74].

W kolejnym etapie badan (Publikacja 3) okreslono catkowitg zawartos¢ zwigzkow
fenolowych i polifenolowych w intrakcie. Na podstawie analizy uzyskanych wynikéw,
zauwazono, ze catkowite stezenie polifenoli (TPC) wyniosto 1,02 + 0,04 mg/ g intraktu;
catkowite stezenie flawonoidéw (TFC) — 0,30 + 0,074 mg/ g intraktu, natomiast stezenie
kwaséw fenolowych oszacowano na 0,19 + 0,05 mg/g intraktu. Dane te poréwnano z
dostepnymi doniesieniami literaturowymi, dotyczgcymi zwartosci tych sktadnikéw w
tradycyjnie uzywanym surowcu, korzeniu. Adamczyk et al. [75] zbadali zawartos¢
flawonoiddw i polifenoli w metanolowym ekstrakcie z korzenia E. senticosus oraz 4 innych
gatunkdéw Eleutherococcus. Wykazano, ze TPC zawierat sie w przedziale od 4,10 do 10,40
mg GAE/g, natomiast TFC od 1,80 do 6,50 mg QEs/g.

Uzyskane wyniki wskazujg na wyzsze stezenia TFC i TPC w ekstrakcie z korzeni E.

senticosus. Mozna zasugerowac, ze stezenia zwigzkdéw polifenolowych zalezg od rodzaju
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materiatu roslinnego (czes¢ podziemna lub nadziemna), rodzaju rozpuszczalnika uzytego
do ekstrakcji, sposobu ekstrakcji oraz warunkéw wzrostu. Z tego powodu wazne jest
kontrolowanie kazdej partii zebranego materiatu roslinnego, aby zapewnié jakos¢ ekstraktu

lub preparatow roslinnych.
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9.4. Analiza fitofarmakologiczna intraktu z owocéw Eleutherococcus

senticosus

(Publikacja 2) W niniejszym cyklu badan, zostata postawiona hipoteza, ze intrakt z
owocow Eleutherococcus senticosus moze odgrywac fizjologiczng role w nieswoistej
odpornosci organizmu. W badaniu aktywnosci lekéw roslinnych wybdér odpowiednich
metod i ich walidacja s3 waznymi etapami okreslania aktywnosci produktow i ekstraktéw.
Aby potwierdzi¢ zatozong hipoteze, zbadany zostat bezposredni wptyw intraktu na
stymulacje leukocytéw ludzkiej krwi obwodowej (PBL) w obecnosci wirusa VSV w modelu
VSV-PBL in vitro.

Poniewaz wirusy moga replikowac tylko w komérkach zywych, w poczagtkowym etapie
okreslono CPE (efekt cytopatyczny) analizowanych prébek na linii komdrkowej A549.
Komorki nowotworowe stymulowano badanymi komponentami przez 3 dni, stezenia do
300 pg/mL intraktu nie powodowaty zmian cytopatycznych w komérkach. Wynik ten zostat
poréwnany z wzorcami eleuterozydéw B i E, stezenie do 100 pug/mL nie powodowato zmian

cytopatycznych.

Linia komdérkowa A549 zostata pdziniej zastosowana jako medium stuzgce ocenie
wytwarzania czgstek wirusow i oceny aktywnosci przeciwwirusowej badanego intraktu.

W celu zweryfikowania czy wyselekcjonowane wczesniej dawki nie powodujg Smierci
izolowanych od zdrowych dawcéw leukocytéw, leukocyty byty stymulowane przez 48 h
intraktem (300 pg/mL) i eleuterozydami B i E (po 100 pg/mL), wyniki poréwnywano z
niestymulowang prébg kontrolng (Rycina 3). Stezenia nie wptynety na spadek zywotnosci
PBL, przeciwnie, zauwazono wzrost proliferacji PBL. Na rycinie 3 przedstawiono
statystycznie istotny wzrost liczby PBL w poréwnaniu z kontrolg po 48 h stymulacji. Wzrost
liczby leukocytow jest czesciowo zgodny z postawiong hipotezg o adaptogennym dziataniu

intraktu z owocow.
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Rycina 3 Proliferacja (%) leukocytéw po stymulacji intraktem (300 ug/mL), eleuterozydami B i E (po 100 ug/mL) przez
48 godzin. Jako kontrole pozytywnq zastosowano LPS (100 ug/mL). Dane z trzech oddzielnych eksperymentéw

przeprowadzonych z uzyciem leukocytow izolowanych od niezaleznych dawcéw testowanych w dwdch powtdrzeniach sq
wyrazone jako Srednia + SEM. Wszystkie dane przedstawiono jako wartosci mediany.

Aby unikna¢ niescistosci, czy badany intrakt z owocéw E. senticosus ma zdolnosci
adaptogenne i zmniejsza miano wiruséw, czy dziata samodzielnie jako lek
przeciwwirusowy, okreslona zostata jego aktywnos¢ przeciwko wirusowi pecherzykowego
zapalenia jamy ustnej (VSV). W celu zidentyfikowania etapu, na ktérym replikacja moze by¢
zahamowana, VSV wstepnie potraktowano zwigzkami przed infekcjag komodrek, drugim
wariantem byto potraktowanie zwigzkami podczas adsorpcji wirusa, a ostatnim wariantem
byto dodanie zwigzkdw po adsorpcji wirusa. Inkubacja VSV z intraktem przed zakazeniem
nie powodowata istotnego obnizenia miana wirusa (Rycina 4). Nie zaobserwowano wptywu
na replikacje VSV, gdy probki dodawano w trakcie adsorpcji lub 30 min po zakazeniu VSV
(Rycina 5). Dodatkowo w celu weryfikacji naszych wynikéw, do doswiadczenia wigczono
eleuterozydy B i E. Zebrane dane sugerujg, ze intrakt, eleuterozydy B i E nie dziataty jako
Srodki przeciwwirusowe z mianem (logTCID50/mL) okoto 4,6, 4,0 i 5,0 w poréwnaniu do

niestymulowanej kontroli z mianem na poziomie 4,0.
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Rycina 4 Wirusobdjczy wptyw zwiqzkéw na VSV. Eleuterozyd B (100 ug/mL), eleuterozyd E (100 ug/mL) i intrakt (300
ug/mL) inkubowano z VSV przez 2 godziny w 37 °C. Po czasie inkubacji mieszaniny miareczkowano, wysiewano na
monowarstwie komdrek A549 i inkubowano przez 72 godz. Miano VSV poréwnano z nietraktowang (tylko VSV) kontrolq.
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Rycina 5 Wptyw zwiqzkdow na replikacje VSV w trzech wariantach: zielony: zwiqzki dodano do komdrek A549 24 h
przed infekcjq VSV; czerwony: zwiqzki byty obecne tylko w okresie adsorpcji; czarny: zwigzki dodano po okresie adsorpcji.
Jako kontrole pozytywne zastosowano cydofowir i rybawiryne. B, eleuterozyd B (100 ug/mL); E, eleuterozyd E (100 ug/mL);
Int, intrakt (300 ug/mL).

Dodanie intraktu 90 min po zakazeniu obnizyto miano VSV o okotfo 1 log, natomiast
rybawiryna zastosowana jako kontrola, o okoto 2,6 log. Wedtug [76], obnizenie miana mniej
niz 1 log wskazuje na catkowity brak dziatania wirusobdjczego. Uzyskane wyniki
potwierdzity naszg hipoteze o braku aktywnosci anty-VSV.

Nieswoistg, wrodzong odporno$¢ mozna stymulowaé¢ rdéznymi roslinnymi
metabolitami, takimi jak adaptogeny, ktdre powinny zwieksza¢ odpornosé, na przyktad na
infekcje wirusami, takimi jak wirus VSV. Aby stworzy¢ jak najbardziej zblizone warunki
zachodzgce w organizmie cztowieka po zakazeniu wirusem, okres$lono wptyw intraktu na
wzbudzenie odpornosci ludzkich leukocytéw (PBL) w odpowiedzi na zakazenie tym
wirusem (VSV), w modelu VSV-PBLs in vitro. VSV nie powoduje naturalnych infekcji w
europejskiej populacji ludzkiej, dlatego w ludzkiej surowicy nie ma swoistych przeciwciat
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przeciwko VSV, co wyklucza udziat odpornosci nabytej w tym eksperymentalnym modelu
odpornosci wrodzonej. Po 48-godzinnej stymulacji intraktem komorek PBL zakazonych
VSV, zauwazono trzykrotny spadek miana VSV w poréwnaniu z niestymulowang kontrolg,
co wskazuje na czesciowg opornosc (Rycina 6). Nie stwierdzono statystycznie istotnego

spadku miana w przypadku traktowania prébek eleuterozydami B i E.
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Rycina 6 Wptyw intraktu z owocdw E. senticosus oraz eleuterozydu B i eleuterozydu E na stymulacje odpowiedzi

immunologicznej w komdrkach PBL zakazonych VSV. B, eleuterozyd B (100 ug/mL); E, eleuterozyd E (100 ug/L)); Int, intrakt
(300 ug/mL). Wyniki przedstawiono w postaci mediany.

Miano wirusa VSV 2 4 log TCID50 uznano za niedobdr odpornosci wrodzonej, miano 2—
3 log wskazuje na czesciowg odpornosé, a miano 0—-1 log wskazuje na catkowitg wrodzong
odpornos¢ przeciwwirusowg. Co ciekawe, stosujgc VSV-PBLs jako system modelowy,
stwierdzono, ze tylko intrakt powodowat statystycznie istotng opornosé, zaklasyfikowang
do opornosci czesciowej, z mianem 3 log. Zauwazono istotng korelacje miedzy VSV-PBLs-
Intrakt a VSV-PBLs (r? = 0,693). Sugeruje to, ze nizsza replikacja wirusa po stymulacji VSV-
PBLs-Intrakt moze by¢ zwigzana ze zwiekszonym wydzielaniem IL-10. Dodatni wspdtczynnik
korelacji (r? = 0,872) wskazuje, ze zmienne s3 bezposrednio powigzane. Jest to zgodne z
wczesniejszymi doniesieniami dotyczgcymi replikacji VSV w leukocytach wrazliwych na
infekcje wirusowe, w ktérych wykazano, ze zmiany w réwnowadze profilu cytokin mogg
by¢ zwigzane z produkcjg czynnika martwicy nowotworu-a (TNF-a), interleukiny 10 (IL-10)
lub interferonu-y (IFN-y) przez leukocyty zakazone VSV [77]. Nalezy wspomnieé, ze infekcja

VSV nie wptyneta na zywotnos$¢ PBLs, jak wykazano wczesniej [78].
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Rosdlinne adaptogeny znane sg ze swojego dziatania przeciwzapalnego, dlatego w
nastepnym etapie eksperymentdéw, sprawdzony zostat wptyw intraktu na produkcje
zarowno interleukiny IL-2 (cytokina prozapalna), jak i interleukiny IL-10 (cytokina
przeciwzapalna). W badanych stezeniach nie zaobserwowano istotnych zmian w poziomie
IL-2. Jednak prébki traktowane intraktem wykazaty statystycznie istotny wzrost produkcji
IL-10 — wzrost stezenia o 328 + 1,4 pg/mL (kontrola dodatnia wzrost o 473 pg/mL). W
przypadku eleuterozydu B i E, wzrost byt na poziomie 170,3 i 187 pg/mL. Znaczny wzrost
stezenia IL-10 po stymulacji leukocytow intraktem moze wynikaé z synergizmu réznych
zwigzkéw w nim obecnych.

Dotychczas badano jedynie wptyw ekstraktéw z korzenia na poziom IL-6 w tkance
pfucnej mysiego modelu ostrego uszkodzenia ptuc oraz w komadrkach ludzkiego miesaka
mazidwkowego SW982. Ekstrakt obnizat poziom IL-6 [79]. Wyniki badan ekstraktu
etanolowego z korzeni E. senticosus wykazaty wzrost stezenia IL-6 (0,03-1,0 mg/mL).
Takiego efektu nie zaobserwowano w przypadku izolowanych metabolitéw, tj.
eleuterozydu B i E [80]. Spadek stezenia IL-4, IL-5 i IL-12 zaobserwowano przy wyzszych
dawkach ekstraktu, natomiast przy nizszych zaobserwowano stymulacje IL-6 i IL-13 [81].
Dane literaturowe z tego zakresu nie sg spdjne, dlatego najbardziej wiarygodnym krokiem
bytaby ocena wptywu ekstraktu na szeroki panel interleukin, zaréwno prozapalnych, jak i

przeciwzapalnych, w jednym zestawie eksperymentalnym.

(Publikacja 3) W kolejnym etapie badan okreslono potencjat antyoksydacyjny intraktu.
Wiadomym jest, ze przeciwutleniacze pochodzenia roslinnego moga chroni¢ organizm na
poziomie molekularnym przed wolnymi rodnikami. Nie ma jednego uniwersalnego testu do
oceny tych zdolnosci, dlatego w eksperymentach uwzgledniono trzy metody. Badanie
probek réznymi metodami powinno wykazaé, czy aktywnos¢ antyoksydacyjna prébek
roslinnych zalezy od ich profilu chemicznego i interakcji z wolnym rodnikiem. Zmierzone
wartosci antyoksydacyjne intraktu zostaty wyrazone jako wartos¢ medialnego stezenia
skutecznego - ECso. Dla metody z ABTS, wartos¢ ECsowyniosta 55,22 pg/mL, dla testu z DPPH
— 250,48 pg/mL. W tescie oceny chelatowania jondéw zelaza z ferrozyna, intrakt
odznaczyt sie chelatowaniem na poziomie 12,12%. Prezentowane wartosci okazaty sie

dwukrotnie stabsze w porédwnaniu do ekstraktu z korzenia E. senticosus.
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Zapalenie to naturalny proces indukowany przez rézne bodzce, na rozwdj i przebieg
ktérego majg wptyw miedzy innymi takie enzymy jak hialuronidaza (Hyal) czy tyrozynaza
(Tyr). Hialuronidazy to enzymy rozktadajgce kwas hialuronowy. Tyrozynaza, z kolei
uczestniczy w procesie melanogenezy, w wyniku ktérego jest produkowana melanina.
Wielu badaczy ustalito zwigzek miedzy ekspresjg Hyal a wzrostem stanu zapalnego, jak
rowniez odkryto, ze aktywnos$¢ hialuronidazy wzrasta w roznych chorobach
nowotworowych. Uwzgledniajgc powyzsze, identyfikacja i klasyfikacja inhibitorow Hyal
moze by¢ korzystna z perspektywy opracowywania nowych klas lekéw przeciwzapalnych.
Dlatego tez, w dalszych poszukiwaniach, zbadano wptyw intraktu na aktywnos$¢ tych
enzymow. Wyniki przedstawione zostaty jako wartos¢ ICso, dla hialuronidazy (30 U/mL) ta
wartos$¢ wynosita 217,44 ug/mL, dla tyrozynazy — 586,83 pug/mL. Zmierzona zostata takze
aktywnos¢ wzgledem acetylocholinoesterazy (0,4 U/mL), nie stwierdzono inhibicji. Intrakt
okazat sie stabszym inhibitorem od klasycznego ekstraktu z korzenia E. senticosus (ICso
wynosity odpowiednio dla hialuronidazy 44,80 pug/mLi 162,56 pg/mL — dla tyrozynazy).

Interesujgcym odkryciem byta inhibicja hialuronidazy przez intrakt, ktory okazat sie by¢
silniejszym inhibitorem niz escyna, 1Cso = 388,80 pg/mL. Oznacza to, ze intrakt z owocow

moze mie¢ potencjalne zastosowanie jako substancja lecznicza.

Dostepnos¢ danych literaturowych dotyczacych wptywu przetworédw z owocéw E.
senticosus na analizowane enzymy jest bardzo nieliczna. Fakt ten wskazuje na
pionierskos¢ podjetych w niniejszym cyklu badan. Uzyskane wyniki zostaty odniesione do
wynikow aktywnosci przeciwenzymatycznej innych organéw E. senticosus. Adamczyk et. al.
[75] badali aktywnos¢ anty-acetylocholinesterazowg i anty-hialuronidazowa ekstraktéw z
korzenia E. senticosus (100 pg/0,16 mL), uzyskujgc poziom inhibicji 26,1 i 10%. Kuzniewski
et al. [82] stwierdzili, ze 75% etanolowe ekstrakty z jesiennych i wczesnowiosennych lisci E.
senticosus hamowaty Hyal odpowiednio w 74,3% i 33%, przy stezeniu 22 pug/0,16 mL
mieszaniny reakcyjnej. Zwiekszone hamowanie ekstraktéw z lisci jesiennych moze by¢
spowodowane obecnoscig wiekszej ilosci substancji polifenolowych.

Rozpoczynajgc analize cytotoksycznosci intraktu z owocdw E. senticosus postawiono

hipoteze, ze adaptogeny nie powinny dziata¢ jako silne $rodki cytotoksyczne wobec
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komédrek nowotworowych, powinny stymulowaé nieswoistg odpornos¢ organizmu jako
adaptogen. Sugeruje sie, ze w przypadku nowotwordéw adaptogeny raczej nie powinny
dziata¢ bezposrednio na komarki, a jedynie pobudzaé uktad odpornosciowy do niszczenia
komdrek nowotworowych. Aby potwierdzi¢ zatozenie, ze intrakt wykazuje bardziej
dziatanie adaptogenne niz cytotoksyczne, okreslono jego cytotoksycznos¢ na dwie linie
komadrek nowotworowych, FaDu i HepG2.

FaDu to linia komdérkowa o morfologii nabtonka, ktéra zostata rozpoznana na podstawie
biopsji u pacjenta z rakiem pfaskonabtonkowym. Komodrki HepG2 to ludzka linia
komdrkowa raka watroby. Ze wzgledu na wysoka specjalizacje komdrkowg (zaréwno
funkcjonalng, jak i morfologiczng), komérki HepG2 i FaDu sg odpowiednim modelem do
badania aktywnosci cytotoksycznej ksenobiotykéw in vitro oraz toksycznosci [61, 62, 83].

Wyniki zaprezentowane ponizej (Rycina 7), obrazujg zywotnos¢ obu linii komoérkowych
po potraktowaniu intraktem. Nie zauwazono zmian w zywotnosci komérek, nie zauwazono

zmian cytotoksycznych.
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Rycina 7 Aktywnosc¢ cytotoksyczna intraktu wobec linii komdrkowych FaDu i HepG2. Stezenia intraktu: 1, 5, 10, 25,
50, 75, 100 ug/ml.

Istniejg pewne doniesienia na temat cytotoksycznej aktywnosci adaptogenéw wobec
linii komdrkowych. Jednym z interesujgcych sg badania nad nanoczgsteczkami srebra z
przytaczonym ekstraktem z suszonych todyg Eleutherococcus senticosus. Wyniki wskazuja
na ich znaczne dziatanie cytotoksyczne i apoptotyczne wobec komodrek raka ptuc A549 i

komorek raka okreznicy HT29 przy stezeniu 10 pg/mL. Autorzy sugeruja, ze potencjat
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przeciwnowotworowy Sg-AgNP jest powigzany ze stymulacjg apoptozy przez szlak kaspazy-
3/p38 MAPK poprzez tworzenie ROS [84]. Z kolei Zatuski et al. [85] okreslili dziatanie
cytotoksyczne intraktu z owocow E. senticosus na linie komdrkowe biataczek, HL-60, HL-
60/MX1, HL-60/MX2, CEM/C1 i CCRF/CEM, donoszac, ze warto$¢ ICsp miescita sie w
zakresie 10,40-50 pg/mL. Autorzy réwniez przebadali inne czesci E. senticosus, wartosci ICso
dla ekstraktéw etanolowych z korzeni, lisci wiosennych i jesiennych wobec linii komorkowej
HL-60, wyniosty odpowiednio: 208, 312299 ug /mL [13]. Jest to kolejny dowdd sugerujacy,
ze adaptogeny s3 raczej stabym S$rodkiem przeciwnowotworowym i nie hamujg
bezposrednio proliferacji komorek. Nalezy réwniez zwrdci¢ uwage na fakt, ze uzyskane
stezenia toksyczne byty bardzo wysokie, niezaleznie od tego, czy uzyto komérek zdrowych,
czy nowotworowych, jest to zgodne z funkcjg adaptogenu, ktéry jest uwazany raczej za
nietoksyczng substancje dla organizmu [78, 86]. Nie spetnia to takie rekomendacji
Narodowego Instytutu Raka dotyczacej aktywnosci cytotoksycznej in vitro. Wedtug
wytycznych, jesli wartos$¢ ICso wynosi wiecej niz 20 pug/mL, substancja jest klasyfikowana

jako nietoksyczna (National Cancer Institute, Stany Zjednoczone), [87].
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10. WNIOSKI

Wyniki badan, ktdre zostaty przeprowadzone w ramach niniejszej rozprawy doktorskiej,

pozwolity na rozszerzenie aktualnego stanu wiedzy o cechach farmakognostycznych i

fitochemicznych owocéw E. senticosus. Ponadto poznano skfad chemiczny i aktywnos$¢

farmakologiczng intraktu z owocdow E. senticosus. Na podstawie uzyskanych wynikow

mozna wysung¢ nastepujace wnioski:
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Uzyskane wyniki badan jednoznacznie wskazaty, ze sposdb przygotowania
przetworu ma wptyw na sktad chemiczny i wtasciwosci produktu.

Owoce E. senticosus charakteryzuja sie cechami anatomicznymi,
obserwowanymi mikroskopowo (druzy i czerwone chromoplasty w mezokarpie,
26tte krople oleju ttuszczowego w bielmie), ktére pozwalajg na ocene surowca
pod wzgledem jego czystosci, jakosci, zanieczyszczeniem innymi surowcami
roslinnymi.

Owoce E. senticosus cechujg sie wysoka zawartoscig kwasu chlorogenowego i
eleuterozydodw B i E. Ekstrakty z nich pozyskane moga by¢ potencjalnie badane
pod katem wykorzystania w profilaktyce i terapii choréb skéry przebiegajacych
z nadaktywnoscig tyrozynazy, jako srodek wybielajacy skoére.

Wykazano, ze intrakt z owocdw E. senticosus nie zawiera eleuterozydéw, ktére
w literaturze naukowej uznane s3 za zwigzki odpowiedzialne za efekt
adaptogenny. Mozna zasugerowac, ze intrakt jest nowym zrédtem innego
zwigzku o dziataniu immunostymulujgcym, mianowicie myo-inozytolu.

Istotne z punktu dziatania leczniczego intraktu jest indukcja nieswoistej
odpowiedzi immunologicznej leukocytéw (PBLs) w modelu badawczym VSV-
PBLs-Intrakt. Po raz pierwszy wykazano, ze intrakt obniza miano wirusa VSV,
prawdopodobnie poprzez wzrost poziomu przeciwzapalnej interleukiny IL-10.
Uzyskane wyniki potwierdzajg stusznos$¢ tradycyjnego stosowania owocow, w
etnomedycynie ludéw Syberii, w leczeniu choréb wirusowych i schorzen

charakteryzujacych sie niskim poziomem leukocytdow.



6. Wykazano, ze intrakt cechuje sie niskg aktywnoscig cytotoksyczng. Uzyskane
wyniki wskazujg, ze adaptogeny sg raczej nietoksyczne zaréwno dla komorek
zdrowych i nowotworowych. Wedtug hipotez postawionych w latach
siedemdziesigtych i osiemdziesigtych przez naukowcow radzieckich, adaptogen
powinien charakteryzowaé sie niskim potencjatem przeciwnowotworowym.
Powinien natomiast stymulowaé uktad immunologiczny do walki z komdorkami
nowotworowymi. Otrzymane wyniki witasne czesciowo wpisujg sie w te

zatozenia, jednak wymagane sg dalsze badania.

Podsumowujac, zaprezentowane wyniki badan wykazaty, ze intrakt pozyskany z
owocow E. senticosus stanowi doskonatg alternatywe dla tradycyjnie pozyskiwanych
ekstraktow z korzenia, cechujgc sie zblizonymi do tradycyjnego witasciwosciami
biochemicznymi i leczniczymi. Nadmierna eksploatacja, polegajgca na zbiorach w
srodowisku naturalnym, wskazuje na potrzebe wprowadzenia upraw waznych roslin
leczniczych w Europie. Dostrzezony zostat potencjat owocéw jako zrédto odnawialnego
adaptogenu, a takze gatunkéw potencjalnie interesujgcych do uprawy w Europie
Zachodniej. Moze by¢ on z powodzeniem stosowany jako suplement diety, ktory mogtby
zastgpi¢ tradycyjnie uzywane ekstrakty korzeniowe, przyczyniajgc sie tym samym do
bardziej zrownowazonego, ekologicznego pozyskiwania surowca i przyczynienia sie do
zachowania wystepowania tej cennej adaptogennej rosliny w srodowisku naturalnym,

odsuwajac widmo zagrozenia jej wyginieciem.
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12. SPIS RYCIN

Rycina 1. Budowa morfologiczna owocostanéw E. senticosus - fot. F. Graczyk (Ogréd
Roslin Leczniczych i Kosmetycznych CM UMK, Bydgoszcz, 2021). ....cccveeevvveeercnnenns 14
Rycina 2. A — budowa morfologiczna kwiatostandéw E. senticosus, B - pokréj morfologiczny
E. senticosus, C - budowa morfologiczna liscia pieciopalczastego E. senticosus, D -
powierzchnia kory E. senticosus, z charakterystycznym pokryciem kolcami - fot. F.
Graczyk (Ogrod Roslin Leczniczych i Kosmetycznych CM UMK, Bydgoszcz, 2021)..... 15
Rycina 3 Proliferacja (%) leukocytéw po stymulacji intraktem (300 pg/mL),
eleuterozydami B i E (po 100 pg/mL) przez 48 godzin. Jako kontrole pozytywna
zastosowano LPS (100 pg/mL). Dane z trzech oddzielnych eksperymentéw
przeprowadzonych z uzyciem leukocytéw izolowanych od niezaleznych dawcéw
testowanych w dwdch powtdrzeniach sg wyrazone jako Srednia £ SEM. Wszystkie
dane przedstawiono jako wartosci mediany. .......ccccveeiiiiiiiiieei i 51
Rycina 4 Wirusobdjczy wptyw zwigzkdéw na VSV. Eleuterozyd B (100 pg/mL), eleuterozyd E
(100 pg/mL) i intrakt (300 pg/mL) inkubowano z VSV przez 2 godziny w 37 °C. Po
czasie inkubacji mieszaniny miareczkowano, wysiewano na monowarstwie komorek
A549 i inkubowano przez 72 godz. Miano VSV poréwnano z nietraktowang (tylko
VYV e 1] 4 o I TSR 52
Rycina 5 Wptyw zwigzkdéw na replikacje VSV w trzech wariantach: zielony: zwigzki dodano
do komérek A549 24 h przed infekcjg VSV; czerwony: zwigzki byty obecne tylko w
okresie adsorpcji; czarny: zwigzki dodano po okresie adsorpcji. Jako kontrole
pozytywne zastosowano cydofowir i rybawiryne. B, eleuterozyd B (100 pug/mL); E,
eleuterozyd E (100 pg/mL); Int, intrakt (300 Ug/ML).cccveiecieieiiieiieeceeeeeeeeee e, 52
Rycina 6 Wptyw intraktu z owocow E. senticosus oraz eleuterozydu B i eleuterozydu E na
stymulacje odpowiedzi immunologicznej w komérkach PBL zakazonych VSV. B,
eleuterozyd B (100 pug/mL); E, eleuterozyd E (100 pg/L)); Int, intrakt (300 pug/mL).
Wyniki przedstawiono w postaci Mediany. .....ccccoccvvveeiiiiiiiiieeiiiniiieee e 53
Rycina 7 Aktywnosc¢ cytotoksyczna intraktu wobec linii komdérkowych FaDu i HepG2.

Stezenia intraktu: 1, 5, 10, 25, 50, 75, 100 UE/ML. .cccovrrieirieeeireeeecireee e 56
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Abstract: Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. is a medicinal plant used in Traditional
Chinese Medicine (TCM) for thousands of years. However, due to the overexploitation, this species is
considered to be endangered and is included in the Red List, e.g., in the Republic of Korea. Therefore,
a new source of this important plant in Europe is needed. The aim of this study was to develop
pharmacognostic and phytochemical parameters of the fruits. The content of polyphenols (eleuthero-
sides B, E, E1) and phenolic acids in the different parts of the fruits, as well as tocopherols, fatty
acids in the oil, and volatile constituents were studied by the means of chromatographic techniques
[HPLC with Photodiode-Array Detection (PDA), headspace solid-phase microextraction coupled
to gas chromatography-mass spectrometry (HS-SPME/GC-MS)]. To the best of our knowledge, no
information is available on the content of eleutherosides and phenolic acids in the pericarp and seeds.
The highest sum of eleutheroside B and E was detected in the whole fruits (1.4 mg/g), next in the
pericarp (1.23 mg/g) and the seeds (0.85 mg/g). Amongst chlorogenic acid derivatives (3-CQA,
4-CQA, 5-CQA), 3-CQA was predominant in the whole fruits (1.08 mg/g), next in the pericarp
(0.66 mg/g), and the seeds (0.076 mg/g). The oil was rich in linoleic acid (C18:3 (n-3), 18.24%), ursolic
acid (35.72 mg/g), and a-tocopherol (8.36 mg/g). The presence of druses and yellow oil droplets
in the inner zone of the mesocarp and chromoplasts in the outer zone can be used as anatomical
markers. These studies provide a phytochemical proof for accumulation of polyphenols mainly in the
pericarp, and these structures may be taken into consideration as their source subjected to extraction
to obtain polyphenol-rich extracts.

Keywords: Eleutherococcus senticosus; fruits; eleutherosides; nutri-pharmacological; metabolomics; herbs

1. Introduction

Plant-based metabolites have served as lead compounds for many important drugs,
such as morphine, digoxin, quinine, hyoscyamine, salicylic acid, and artemisinin [1].
According to the WHO (World Health Organization), about 80% of the world’s population
use plants in the primary health system, both in the developing and developed countries.
For instance, 14% of the Russian population use them regularly and 44% from time-to-
time [2].
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One of the best-known plants, used as a source of pharmacologically active and nu-
tritional molecules, is Eleutherococcus senticosus (Siberian ginseng). The plant is native to
Russia, the Far East, China, Korea, and Japan. The fruits of E. senticosus have been used
in Russia for many years as a tonic on the central nervous system and as an adaptogen.
Modern research is focused on elucidation of the pharmacological activities of wild fruits, in-
cluding their antioxidant, antimicrobial, and anticancer effects. An acidified 80% methanol
extract showed high xanthine oxidase and AChE inhibitory activities. The anticancer
activity of the extract was also proven by screening various human cell lines, including
LNCaP (prostate cells), MOLT-4F (leukemia cells), A549 (lung cells), ACHN (renal cells)
HCT-15 (colon cells), and SW-620 (colon cells). The latest reports indicate their immunos-
timulatory and anti-inflammatory activities and an increase in the number of leukocytes.
The intractum from the fruits was found to stimulate human leukocyte resistance to the
VSV (Vesicular Stomatitis Virus) infection via reduction of viral replication, which might be
associated with increased secretion of interleukin 10 (IL-10). Besides medical applications,
the fruits are industrially used in the production of phyto-jam (0.8-1.6 kg/100 kg of the
product). Considering the data mentioned above, the consumption of wild edible fruits
of E. senticosus by local communities in many developing countries is gaining increasing
interest [3-7].

According to the European Medicines Agency (EMA), the pharmacological activity
of E. senticosus in traditional applications is attributed to secondary metabolites called
eleutherosides. They are very varied with saponins, lignans, coumarins, and phenyl-
propanoids as their aglycons. Eleutheroside B (syringin 4-f-D-glucoside) and E ((—)-
syringaresinol 4,4”-O-B-D-diglucoside) are the major compounds and, according to the
European Pharmacopoeia, their sum should not be less than 0.08%. Eleutherosides are
thought to be the most active compounds present mainly in the roots. Although the fruits
are used as ingredients in the production of galenic formulations, the roots are a major sub-
ject of research while the fruits remain largely unknown. The fruits are rich in flavonoids
(13.4-14.4 mg/g ext.), polyphenols (38.5-41.1 mg/g ext.), minerals (Ca 3730-4495, Mg
1430-1540, Fe 35.4-53, Mn 75.2-88.3, Zn 18.9-41.0, Cu 3.34-13, Se 0.19-061; mg/kg respec-
tively), and essential oil (0.3%, v/d.w.). Interestingly, a large amount of myo-inositol and
D-mannitol was found as well (267.5 and 492.5 mg/g dry extract, respectively) [8-10].

As demonstrated by previous studies conducted by Zatuski, E. senticosus is success-
fully cultivated in the botanical garden in Rogéw (Central Polish Lowlands), and some
methods required for determination of phenolic metabolites in the plant material and the
biological activity of extracts have been developed [11,12]. The observations have also
been confirmed by Baczek, who studied the impact of growth conditions on accumulation
of biologically active compounds in organs of two-, three-, and four-year-old plants [13].
Nevertheless, the species cultivated in Bydgoszcz (North Polish Lowlands) has not yet
been studied in detail (Figure 1). Preliminary information on chemical compounds in the E.
senticosus fruits intractum have been previously reported by Graczyk et al. [8]. To the best
of our knowledge, no data are available on the localization of eleutherosides and phenolic
acids in anatomical structures or on pharmacognostic features that can be used as markers
in quality assessment. It is well known that phytochemicals can be accumulated in different
fruit parts, e.g., Citrus limon Burm. contains the highest amount of chlorogenic or caffeic
acids or hesperidin in the peel [14-17]. In addition, there is no information about the oil in
the fruits, which may be of interest e.g., for the food industry [10,18-20].
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Figure 1. Morphological characteristics of the investigated species; (A) 1-year-old plant, general morphology; (B1,B2)
4-year-old plants growing in the crop field, general morphology; (C) flowers; (D) mature fruits.

To confirm our hypothesis, this study was focused on the quantitative analysis of
phytochemicals with their localization in the anatomical fruit parts (seeds, pericarp) and on
anatomical features that can be possibly used in the quality control of this pharmaceutically
important plant.

2. Results and Discussion
2.1. Microscopic Pharmacognostic Features of Fruits

The quality control of plant-based material is important to ensure the best quality of
products. For many years, plant materials imported to Europe have been of bad quality
(adulterated or substituted) [21]; therefore, to ensure good quality, new protocols for a
new herbal material are needed. The fruits of Eleutherococcus senticosus species growing in
Asia and cultivated in Poland or other European countries have not yet been evaluated in
terms of pharmacognostic features. The poor-quality plant material now offered on the
market necessitates development of proper well-controlled production procedures. The
development of a pharmacognostic protocol including microscopic and phytochemical
studies will help in identification of these fruits and protect from adulteration.

The characteristic anatomical features of the fruits are shown in Figures 2 and 3. The
anatomical structure of the E. senticosus fruits is characteristic for most species from the
Araliaceae family. The microscopic studies of the transverse section showed the pres-
ence of secretory canals filled with yellow oil droplets in the inner zone of the mesocarp.
The presence of druses and yellow oil droplets in the inner zone of the mesocarp and red
chromoplasts in the outer zone of the mesocarp visible in the transverse fruit section are dis-
tinguishing features that can be used as anatomical markers. This study is a complement of
the research conducted by Solomonowa et al. [20], in which the morphological-anatomical
and morphometric study of fruits were carried out. The morphometric indicators of the
fruits are as follows: fruit length 9.95 mm, fruit diameter 4.65, stone length 5.25 mm, and
stone width 1.98 mm.
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Figure 2. (A). Morphological structure and anatomical features of E. senticosus fruits. (B). 1. Transverse section of the
fruit, 2-3. Seed, 4-5. Seed coat and endosperm, 6. Pericarp, 7-8. Outer zone of mesocarp, 9-10. Mesocarp with druses,

11-13. Inner zone of mesocarp with secretory canals and oil droplets (transverse section), 14. Inner zone of mesocarp
with secretory canals and oil droplets (longitudinal section), 15. Endocarp (transverse section), 16. Endocarp (tangential
section). end.—endosperm, s.c.—seed coat, en.—endocarp, i.mes.—inner zone of mesocarp, o.mes.—outer zone of mesocarp,

ex.—exocarp.

The powder microscopy of the fruits (Figure 3) shows epidermis cells tightly adjacent
to each other. The endocarp contains fibers oriented askew to the stone axis. The secretory
canals in the mesocarp are filled with oil, probably essential oil, rounded parenchymatous
cells. In turn, the druses and chromoplasts in the mesocarp and fatty oil drops in the
endosperm can be considered as diagnostic features. The parameters analyzed here are
useful for identification and authentication of this medicinally important plant and will
provide the latest knowledge for the development of herbal monographs as recommended
by the European Medicines Agency.

2.2. HPLC-PDA and GC-MS Metabolite Profiling of the Fruits
2.2.1. HPLC-PDA Analysis of Eleutherosides B, E, and E1 in the Anatomical Structures of
the Fruits

For the analysis of the metabolome, such approaches as HPLC, TLC-UV, GC-MS,
LC-MS, MS", and NMR-spectrometry are currently used. TLC coupled with densito-
metry and HPLC or HPLC-MS have usually been applied to analyze eleutherosides.
High-performance liquid chromatography (HPLC) is a leading technique for detection
of plant-based metabolites and is very often used as a pilot technique for separation and
identification of phytochemicals [10-12].
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Figure 3. Diagnostic features of powdered fruits. 1. Polygonal cells of fruit epidermis (exocarp). 2. Inner layers of endocarp
cells are represented by fibers, oriented askew to stone axis (2A—tangential section, 2B—transverse section). 3. Secretory
canal (cross-section) in mesocarp, parenchymal cells (3A—visible oil content). 4. Outer part of the mesocarp composed
of parenchymal cells containing red plastids (chromoplasts). 5. Druses in mesocarp cells located closer to the endocarp.
6. Drops of fatty oil from the endosperm. 7. Seed coat built of large cells with brown contents. Diagnostic features of the
fruits. s.c.—seed coat, end.—endosperm, i.mes.—inner zone of mesocarp, s.ch.—secretory canals, s.—secretion (essential
oil), dr—druses, ch.—chromoplasts.

The extraction of the fruits, seeds, and pericarp obtained from the 4-year-old plant
resulted in 20, 26, and 33% dry extract yield, respectively. No data on the characterization
of the anatomical parts of E. senticosus fruits and the distribution of their active constituents
have been published before. Plant metabolites exhibit a very broad range of polarities. This
means that only part of the plant’s chemodiversity is present in any plant extract. Among
the three studied eleutherosides (eleutheroside B, E, and E1), only eleutheroside B and E
have been found in the largest amount in the whole fruits i.e., 0.66 and 0.74 mg/g d. ext.,
respectively (Figures 4 and 5). Considering the distribution of these compounds, a higher
quantity was noticed in the pericarp than in the seeds; however, there was no significant
difference between the pericarp and seeds, especially in the case of eleutheroside E. The
latest studies conducted by Graczyk et al. [8] have revealed the absence of eleutherosides
in the intractum made of the fresh fruits. This may result from their medium polarity.
Eleutherosides are usually well extracted with 75% (v/v) methanol or ethanol; therefore,
we suppose that the ethanol concentration (40% v/v) used to prepare the intractum may
have been too low to extract eleutherosides. Moreover, the extraction of the whole fruits
also means that some compounds will not be extracted, and the intractum was prepared
through maceration, while ultrasounds were applied in this study.
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Figure 4. Contents of eleutherosides (mg/g extract): B—eleutheroside B, E—eleutheroside E, B + E—
sum of eleutheroside B and eleutheroside E.
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Figure 5. Chromatogram of Eleutherococcus senticosus fruit and reference standards with PDA spectra and structures of
determined compounds: (A)—PDA spectrum and chemical structure of eleutheroside B; (B)—PDA spectrum and chemical
structure of eleutheroside E; (C)—chromatogram of the extract of Eleutherococcus senticosus fruit; (D)—chromatogram of the
mixture of standards (a—eleutheroside B, b—eleutheroside E, c—eleutheroside E1). RP18e LiChrospher 100 column (Merck,
Darmstadt, Germany) (25 cm x 4.0 mmi.d., 5 um particle size) at 25 °C; mixtures of water (solvent A) acetonitrile (solvent
B) and both acidified with 0.025% of trifluoroacetic acid were used as the mobile phase. The compounds were separated by
gradient elution with the following program: 0.0-8.0 min A 90%, B 10%; 8.1-18.0 min A 90-80%; B 10-20%, 18.1-30.0 min A
80%, B 20%. The flow rate was 1.0 mL/min.

Baczek [13] showed that the content of eleutherosides B and E in methanol fruit
extract obtained from a 4-year-old plant was 35.6 and 29.7 (mg/100g), respectively. It
should be mentioned that eleutherosides were not present in the fruits of 2- and 3-year-old
plants, respectively. Unfortunately, the authors did not provide information about the
calculation, i.e., it was not specified whether 100 g referred to the plant material or the
extract. This makes the comparison difficult and, in many cases, unreliable. Taking into
consideration the sum of eleutheroside B and E, the extract from the whole fruits contains a
higher quantity of eleutherosides. However, it is very important that the pericarp contains
more eleutherosides than the seeds, which means that the seeds may be used in the
micropropagation of the species. Eleutherococcus senticosus is included in the Red List in
some countries [8]; in this case, the pericarp may serve as a source of eleutherosides, while
the seed (embryo) may be used for in vitro germination to develop seedlings and increase
the number of botanical specimens.
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2.2.2. HPLC-PDA Analysis of Phenolic Acids in the Anatomical Structures of the Fruits

Phenolic acids play a vital function as non-nutritional constituents of human diet and
pharmacologically active compounds. In some fruits, they are accumulated in different
parts. In this study, it has been found that the whole fruits contain a high amount of
chlorogenic acid; 3-CQA (1.08 mg/g d. ext.), in comparison to the pericarp (0.66 mg/g d.
ext.) and seeds (00.76 mg/g d. ext.) (Table 1, Figure 6).

Table 1. Contents of phenolic acids (mg/g extract SD), n = 3 (3-CQA—chlorogenic acid, 4-CQA—
cryptochlorogenic acid, 5-CQA—neochlorogenic acid, PA—protocatechuic acid. Additional informa-
tion on HPLC-DAD data is given in the supporting information part).

Sample 3-CQA 4-CQA 5-CQA PA Total Content
Fruit 1.08 + 0.96 0.07 + 0.01 0.030 £ 0.01 0.08 + 0.07 1.26

Pericarp 0.66 + 0.2 0.03 + 0.02 0.01 & 0.001 0.04 + 0.03 0.74
Seed 0.076 +0.03  0.008 £0.001 0.004 £ 0.002  0.008 £ 0.001 0.096
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Figure 6. Chromatogram of Eleutherococcus senticosus fruits (C) and a mixture of reference standards (D): a—protocatechuic
acid, b—neochlorogenic acid, c—chlorogenic acid and d—cryptochlorogenic acid with PDA spectra and structures of the
main compounds: (A)—protocatechuic acid and (B)—chlorogenic acid. C18 core-shell column (Kinetex, Phenomenex,
Aschaffenburg, Germany) (25 cm x 4.6mm i.d., 5 um particle size) at 25 °C, a mixture of water (solvent A) and acetonitrile
(solvent B) with 0.025% of trifluoroacetic acid; gradient elution program: 0.0-5.0 min A 95%, B 5%; 5-60 min A from 5 to
20%, and B from 95-80%. The flow rate was 1.0 mL/min.

Chlorogenic acid is the main phenolic component in coffee and beverages prepared
from herbs, fruits, and vegetables. The results presented in literature revealed that the
content of chlorogenic acid in methanol extracts of fruits from a 4-year-old plant was
409.2 mg/100g [13]. No chlorogenic acid has been detected in the fruits of 2- and 3-year-old
plants, respectively. Other studies have shown that the water extract from the fruits of E.
senticosus contained 0.57 mg/g dry weight of chlorogenic acid [9].

2.3. HS-SPME/GC-MS Analysis of Volatile Metabolites in the Fruits

HS-SPME coupled with the GC-MS analysis identified 38 volatile constituents (VOCs)
in the E. senticosus fruits, representing 93.9% of the total number. The detected compounds
belong to several classes, such as monoterpene hydrocarbons and oxygenated monoter-
penes (13.2%) and sesquiterpene hydrocarbons and oxygenated sesquiterpenes (76.6%).
The percentage composition of the identified compounds is listed in the elution order
in Table 2 and Figure 7 and Figure S2. (E)-B-farnesene (19.46 + 0.78%), germacrene D
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(12.88 £ 1.10%), (E,Z)-a-farnesene (12.84 + 0.85%), and B-bisabolene (12.64 + 0.70%) were
the main compounds identified in the E. senticosus fruits.

Table 2. Percentage of volatile compounds identified by HS-SPME/GC-MS in E. senticosus fruits (% + SD) (RT—retention
time, RI calc—retention index, calculated, RI lit—retention index, literature. Internal standard—2-undecanone. All analyses
were performed in triplicate).

Match
No. E{.I RI RT Compound Name Formula Compound Factor Content
it. Calc. (Min) mlz (%)
1 930 926 6.01 a-Thujene CioHie 93;91,77 94.55 0.05 + 0.02
2 939 933 6.18 o-Pinene CioHig 93;91;77 95.00 0.12 £ 0.09
3 975 973 7.18 (Z)-Sabinene CioHie 93; 91,77 97.84 246 £1.19
4 985 987 7.52 6'methyl(;i;hepte“'z' CgHy,0 43;108; 69; 55 97.50 0.15 + 0.03
5 990 991 7.63 B-Myrcene CioHig 93; 69; 41 96.20 143 4044
6 1002 1005 7.99 «-Phellandrene CioHie 93;77;136 96.90 222 4+0.6
7 1011 1010 8.15 3-Carene CioHie 93;79; 121 97.90 0.37 £0.012
8 1026 1025 8.54 O-Cymene CyoHig 119;134; 91 97.90 1.40 +0.26
9 1029 1029 8.65 Limonene CioHie 93; 68; 79 98.50 2.81 £0.54
10 1037 1038 891 (Z)-B-Ocimene CioHie 93;91; 79 93.24 0.05 + 0.01
11 1050 1048 9.19 (E)-p-Ocimene CioHig 93;91;79 97.10 0.86 + 0.15
12 1059 1059 9.49 y-Terpinene CyoHig 93; 136; 77 98.60 0.11 £ 0.01
13 1070 1067 9.73 (Z)-Sabinene hydrate CyoHy50 71; 93; 43 98.50 0.90 = 0.09
14 1088 1089 10.33 Terpinolene CioHie 121;93; 136 95.04 0.16 £ 0.01
15 1159 1159 12.30 Sabina ketone CyoHy140 81; 96; 67; 55 83.10 0.08 + 0.01
16 1177 1179 12.85 Terpinen-4-ol C1oH150 71;111; 93 96.52 0.15 £ 0.02
17 1294 1295 15.99 2-Undecanone (IS) C11Hp0O 58;43;71 93.20 3.79 £6.31
18 1294 1299 16.11 Methyl myrtenate C11H160; 105; 137; 91,77 94.50 0.07 = 0.02
19 1376 1381 17.91 «-Copaene Ci5Hpy 161;119; 105; 93 98.20 1.05+0.16
20 1388 1390 18.11 B-Bourbonene Cq5Hpg 81;123; 161 94.90 0.12 £ 0.02
21 1408 1409 18.49 7-epi-Sesquithujene Ci5Hps 119; 93; 91; 69 93.00 0.14 £ 0.02
22 1419 1426 18.81 B-Caryophyllene Cy5Hpy 93;91;133; 79 97.90 091 £0.14
23 1432 1436 18.99 (2)-p-Copaene Ci5Hos 161; 105; 91; 119 99.00 0.25 + 0.04
24 1434 1441 19.08 (E)-o-Bergamotene Ci5Hpy 119;93;91; 69 97.60 0.54 £+ 0.07
25 1456 1463 19.49 (E)-p-Farnesene Ci5Has 69; 93; 133; 161 90.00 19.46 + 0.78
26 1466 1471 19.64 (Z)-Muurola-4,5-diene Cy5Hpy 161; 105; 91; 204 94.20 0.26 £+ 0.04
27 1481 1490 20.00 Germacrene D Cy5Hpy 161; 105; 91; 119 94.60 12.88 +1.10
28 1497 1498 20.16 (E,Z)-«-Farnesene Ci5Hos 93; 119; 69; 107 92.10 12.84 + 0.85
29 1511 1515 2043 (E)-B-Bisabolene Cqi5Hpy 93; 69; 94; 109 95.70 12.64 £ 0.70
30 1513 1522 20.55 y-Cadinene Ci5Hog 161; 93; 105; 119 97.70 0.55 + 0.06
31 1522 1530 20.68 B-Sesquiphellandrene Cy5Hpy 69;161; 93; 91 95.70 2.6 £0.22
32 1532 1538 20.81 (E)-y-Bisabolene CysHoy 93;107; 135; 119 94.60 3.26 + 0.43
33 1540 1548 20.97 (E)-«-Bisabolene Cy5Hpg 93;119; 121; 80 95.70 1.63 £0.20
34 1563 1559 21.15 (E)-Nerolidol C15H60 69;93; 81; 83 85.30 0.23 £ 0.06
35 1607 1619 22.12 B-Oplopenone Ci5H40 177;43;93; 79 93.40 0.15 £ 0.02
36 1658 1665 22.80 «-Bisabolol oxide B C15H2602 143; 105; 85; 81 97.66 0.76 £0.12
37 1685 1692 23.20 «-Bisabolol C15H60 109; 119; 69; 43 98.90 6.35+ 0.9
38 2104 2107 27.78 6’§§:i‘;f2§?$c(;§fd' C19H3602 55; 74; 84; 96 94.52 0.13 +0.10
Monoterpene hydrocarbons and oxygenated monoterpenes 13.17
Sesquiterpene hydrocarbons and oxygenated sesquiterpenes 76.62
Other compounds 4.07
Total 93.86
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Figure 7. HS-SPME/GC-MS chromatogram of volatile compounds in E. senticosus fruits. The numbers correspond to the
compounds in Table 2; IS—internal standard.

Previous reports on the essential oil from E. senticosus fruits indicated (3-caryophyllene
and humulene [7] or spathulenol [10] as the main compounds. However, the results of the
present study revealed farnesene and bisabolene-type derivatives as dominant compounds
showing more similarity to the essential oil from leaves described by Zhai et al. [22]. Studies
conducted on E. senticosus root material obtained from different regions (Russia, China—
two different sources) showed significant fluctuations in the quantity of the compounds,
which may be connected with differentiation of the chemotypes [23]. Moreover, Zatuski
and Janeczko reported differences in the composition of fruit essential oil connected with
duration of storage [10].

2.4. GC-MS and HPLC-PDA Profiling of the Fruit Fatty Oil

The oil obtained by hexane extraction of ground fruits constituted 5.4 4= 0.015% of
their weight. The oil is a semi-solid, yellow-green substance with a characteristic aroma
(Figure 8A) absorbing UV-VIS radiation in the range of 190-430 nm and at a wavelength of
660-680 nm (Figure 8B). Absorbance at a wavelength of 269 nm may indicate the presence
of tocopherols, especially o-tocopherol absorbing radiation in the range of 265-310 nm [24].
Absorbance at 407 and 660-680 nm may indicate the presence of chlorophylls [25]. It was
shown that the content of chlorophyll A and chlorophyll B was 12.43 mg/g and 3.67 mg/g,
respectively, and the content of carotenoids in the tested oil was 10.13 mg/g.

2.4.1. GC-MS Analysis of Fatty Acids

The analysis of the oil by gas chromatography with mass spectrometry showed the
presence of five fatty acids, including three unsaturated acids (linoleic, oleic, and o-linolenic
acids), the total content of which was 24% (Table 3). The dominant fatty acid was linoleic
acid (over 18%), while the content of a-linolenic acid was only 0.4%. The content of
saturated acids was only 2.5%. Thus, the E. senticosus fruit oil is a rich source of unsaturated
acids, but the proportion of n-3 acids to n-6 acids is not beneficial for human health [26].
In addition, the analysis showed the presence of four components of the essential oil and
trimethylsulfonium ursolate—a derivative of ursolic acid and TMSH. An example of a

chromatogram is presented in Figure 9, and the mass spectrum for fatty acids is shown in
Figure S1.
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Figure 8. (A) Photography and (B) UV-VIS spectroscopic fingerprint of Eleutherococcus senticosus fruit oil.

Table 3. Content of fatty acids (% w/w £SD) in Eleutherococcus senticosus seed oil (1 = 3) (RT—retention time, FAME—fatty
acid methyl esters, FA—fatty acid, M—molecular ion), LOD—limit of detection, LOQ—Ilimit of quantification.

Compound FA RT FAME Mass Data LOD LOQ

Name Abbreviation (Min.) FAME (% wiw) (% wlw) Content of FA

270 (M),
Palmitic acid C16:0 1294 +0.1 239,227,213,185,143, 0.044 0.132 2.18 £+ 0.04
129,11197,87,74,69,55
298 (M),
267,255,241,227,
Stearic acid C18:0 15.08 + 0.1 213,199,185,171,157, 0.026 0.078 0.29 £+ 0.00
143,129,115,97,
87,83,74,69,55
296 (M),
278,264,235,
Oleic acid C18:1 (n-9) 15.77 £ 0.1 222,180,166, 0.037 0.111 5.36 &+ 0.05
137,123,110,
97,83,69,55
294 (M),
263,233,220,205,
Linoleic acid C18:2 (n-6) 16.95 + 0.2 191,178,164,150, 0.013 0.039 18.24 £ 0.26
135,123,109,95,
81,67,59,55
292 (M),
«-Linolenic 261,236,193,163,
acid C18:3 (n-3) 18.56 £ 0.2 149121108,
95,79,67,55
Total 2647

0.015 0.045 0.40 + 0.04




Molecules 2021, 26, 1969

11of 16

Abundance

3,500,000 |

R

3,000,000 4

2,500,000 ]

2,000,000

1,500,000

1,000,000

500,000

b

=i

<

4 AJ}L 6“ i i3 %

w

0
0 T

6.00

.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 min.

Qi:o-

Figure 9. GC-MS chromatogram of Eleutherococcus senticosus fruit oil. 1-(Z)-p-farnesene; 2-x-bergamotene; 3-x-farnesene;

4-B-cubebene; 5-methyl palmitate; 6-methyl stearate; 7-trimethylsulfonium ursolate; 8-methyl oleate; 9-methyl linoleate;
10-methyl linolenate. HP-88 Agilent 45 capillary column (60 m x 0.25 mm; 0.20 pm film thickness). The oven temperature
was programmed from 110 °C to 190 °C with 8 °C/min held for 2 min at 110 °C and 13 min at 190 °C. The temperature of
the injector was 250 °C. Helium was used as a carrier gas at a flow rate of 1.2 mL/min A quadrupole mass spectrometer
with electron ionization (EI) at 70 eV and with a full scan type acquisition mode (50 m/z to 500 m/z) was used as a detector
connected with GC. The temperature of the MS source and the MS quadrupole was set to 230 °C and 150 °C, respectively.

The chromatographic analysis (HPLC-PDA) revealed a dominant peak with a re-
tention time of 7.25 min. This peak was identified as a mixture of 3- and y-tocopherols,
and their content was determined to be 1.36 mg/g oil. The «- and 8-tocopherol content
was 0.29 and 0.33 mg/g of oil, respectively (Table 4). Grilo et al. assessed the content of
tocopherols in commonly used oils (rapeseed, sunflower, corn, and soybean). The content
of a-tocopherol ranged from 0.071 to 0.43 mg/g and y-tocopherol ranged from 0.092 to
0.27 mg/g for soybean and sunflower oils, respectively [27]. Thus, it can be concluded that
the E. senticosus seed oil contains a moderate amount of a-tocopherol. On the other hand,
the tested oil may be a valuable source of - and y-tocopherols; however, the assessment
of the mutual quantitative relationships of these two compounds requires further research
and other methods. Ergoniil and Koseoglu have shown that the content of 8-tocopherol
in unrefined soybean oil is 0.12 mg/g, while in rapeseed oil it is 0.012 mg/g [28]. Thus, it
can be concluded that the E. senticosus fruit oil is quite a rich source of 8-tocopherol, as it
contains nearly three-fold higher amounts of this compound than soybean oil.

Table 4. Content of selected biologically active compounds (mg/g =+ SD) in Eleutherococcus senticosus seed oil (n = 3)
(RT—retention time, LOD—Ilimit of detection, LOQ—Ilimit of quantification. Tocopherol content).

Concentration Correlation

Compound RT (Min.) Theoretical ~ Linear Reg.ressmn Range Coefficient LOD LOQ Content
Name Plates Equation
(ug/mL) (r)
Fluorescence Detection (ng/mL) (ng/mL)
o-Tocopherol 8.36 + 0.1 6158 y = 1851639x + 17320 0.48-7.20 0.9979 12.0 38.0 0.29 + 0.00
pot 725+0.1 5779 y = 4739064x + 115013 0.59-8.88 0.9997 6.0 20.0 1.36 4 0.07
y-Tocopherol
5-Tocopherol 6.30 £ 0.1 5527 y = 4041480x + 112005 0.55-8.34 0.9999 55 18.5 0.33 + 0.00
Spectrophotometric Detection (ug/mL) (ug/mL)
Ursolic acid 314402 6111 y = 30275.9x + 93277 39.20-117.60 0.9989 0.17 0.51 35.72 £ 0.82

82
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2.4.2. HPLC-PDA Analysis of Ursolic Acid

Pentacyclic triterpenes are lipophilic compounds present in the oil fraction [29]. As
shown in literature, E. senticosus fruits contain ursolic acid [7]. Therefore, the content of this
triterpene in E. senticosus seed oil was evaluated in the present study. Its content was shown
to be 35.72 mg/g of oil (Table 4). Given the oil content in the fruits, it can be concluded that
the ursolic acid content in the fruits is over 1.9 mg/g. Our research shows that E. senticosus
fruits are a much richer source of ursolic acid than previously thought. Jang et al. found
that 100 g of fruits contain about 3.5 mg of ursolic acid [7]. The results obtained by Yang's
team were on lower possibly due to the use of methanol in fruit extraction.

3. Materials and Methods
3.1. Chemicals and Reagents

The standards of eleutheroside B (>98.0%), eleutheroside E (>98.0%), eleuthero-
side E1 (>98.0%), protocatechuic acid (>97%), ursolic acid (>90%), 5-tocopherol, (+)-y-
tocopherol, (4)-a-tocopherol (analytical standards), methyl palmitate (>99.0%), methyl
stearate (>99.5%), methyl oleate (>99.0%), methyl linoleate (>98.5%), methyl linolenate
(299.0%), 2-propanol (99.9%), hexane (>95%), phosphoric acid (>85%), trimethylsulfo-
nium hydroxide (TMSH) (0.25 M methanolic solution), gradient grade acetonitrile, and
trifluoroacetic acid (>99%) were obtained from Sigma-Aldrich (St. Louis, MO, USA). LC
grade methanol (MeOH) was purchased from ].T. Baker (Phillipsburg, NJ, USA). Water
for HPLC was purified by ULTRAPURE Millipore Direct-Q® 3UV-R (Merck Millipore,
Billerica, MA, USA). Tert-butyl methyl ether (TBME) (99.8%) was purchased from Avantor
Performance Materials Poland S.A. (Gliwice, Poland). All other reagents were of analytical
grade. Eleutheroside standards were dissolved in 75% methanol (final concentration of 0.16,
0.16, and 0.36 mg/mL for eleutheroside B, E, and E1, respectively). Phenolic acid standards
and ursolic acid were dissolved in methanol (final concentration of 0.24, 1.04, 0.23, 0.30,
and 0.50 mg/mL for neochlorogenic, chlorogenic, cryptochlorogenic, protocatechuic, and
ursolic acid, respectively). Standard solutions were prepared by dilution of stock solutions
to appropriate concentrations.

3.2. Plant Material and Preparation of the Extract

Mature fruits of 4-year-old Eleutherococcus senticosus were collected in the Garden of
Medicinal and Cosmetic Plants in Bydgoszcz (Poland) in September 2017 (N: 53°0736.55”
E: 18°01'51.64”). The plant sample was deposited at the Department of Pharmaceutical
Botany and Pharmacognosy, Collegium Medicum, Bydgoszcz, Poland, Cat. Nr. ES 10/2018.
Air-dried and powdered fruits (10 g each) were soaked in 100 mL of 75% ethanol for 24 h.
Next, the samples were subjected to triple UAE-type extraction (ultrasonic bath—Polsonic,
Warsaw, Poland) using 100 and 2 x 50 mL of 75% ethanol. The extraction was performed
at room temperature for 15 min for each cycle. Finally, 200 mL of each extract was obtained.
After that, the extract was filtered through Whatman no. 4 filter paper. The solvent was
dried with an evaporator in vacuum conditions at 45 °C, frozen at —20 °C, and subjected to
lyophilization. The dried residue was stored in an exsiccator at 4 °C. The extraction yield
was calculated based on the dry weight of the extract [%]. The same steps were made for
extraction of the pericarp and seeds.

3.3. Microscopic Analysis

The anatomical structure of the fruits was examined microscopically using a com-
pound microscope coupled with a camera, evaluated, and photographed (40X). Chloral
hydrate was used as a reagent. Computer images were captured using software ProgRes
CapturePro 2.8—Jenoptik optical system.

3.4. HPLC-PDA Analysis of Eleutherosides B, E, and E1

The analyses were performed on an EliteLaChrom chromatograph with a PDA de-
tector and EZChrom Elite software (Merck, Darmstadt, Germany). The following chro-
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matographic system was used: an RP18e LiChrospher 100 column (Merck, Darmstadt,
Germany) (25 cm x 4.0 mm i.d., 5 pm particle size) at 25 °C; mixtures of water (solvent A)
and acetonitrile (solvent B) both acidified with 0.025% of trifluoroacetic acid were used as
the mobile phase. The compounds were separated by gradient elution with the following
program: 0.0-8.0 min A 90%, B 10%; 8.1-18.0 min A 90-80%, B 10-20%; 18.1-30.0 min A
80%; B 20%; 30.1-45.0 min A 0%, B 100%; 45.1-60.0 min A 90%, B 10%. The flow rate was
1.0 mL/min. Data were collected between 190 and 400 nm. The identity of compounds
was established by comparison of retention times and UV spectra with the corresponding
standards. Quantitative analysis was performed at A = 264 nm for eleutheroside B and
A =206 nm for eleutheroside E and E1. The chromatographic parameters and calibration
data for quantification of the investigated eleutherosides are provided in Table S1.

3.5. HPLC-PDA Analysis of Phenolic Acids

The analyses were performed on an EliteLaChrom chromatograph with a PDA de-
tector and EZChrom Elite software (Merck, Darmstadt, Germany). The chromatographic
system was as follows: a C18 reversed phase core-shell column (Kinetex, Phenomenex,
Aschaffenburg, Germany) (25 cm x 4.6 mm i.d., 5 um particle size), a mixture of water
(solvent A) and acetonitrile (solvent B) with 0.025% of trifluoroacetic acid, and the following
gradient elution program: 0.0-5.0 min A 95%, B 5%; 5-60 min A from 5 to 20% and B
from 95-80%. The flow rate of the mobile phase was 1.0 mL/min and the temperature of
thermostat was set at 25 °C. Data were collected between 210 and 400 nm. The identity
of compounds was established by comparison of retention times and UV spectra with
the corresponding standards. Quantitative analysis was performed at A = 326 nm for
chlorogenic acids and A = 260 nm for protocatechuic acid. The chromatographic parameters
and calibration data for quantification of the investigated phenolic acids are provided in
Table S1.

3.6. HS-SPME/GC-MS Analysis of Volatile Compounds

Head space-solid phase microextraction (HS-SPME) was conducted according to
Zielinska et al. [30] with slight modifications. Briefly, 100 mg of dry E. senticosus fruits
were placed in a 15 mL sealed vial and extracted using a fiber coated with 50/30 um
divinylbenzene—carboxen—polydimethylsiloxane (DVB/CAR/PDMS; Supelco, Bellefonte,
PE, USA). The 2-undecanone-2 mg/mL in water (Merck, Poland) was used as an internal
standard. Equilibration was performed at 60 °C for 15 min, the fiber exposition time was
15 min, and the thermal desorption was 3 min at 250 °C directly in the gas chromatography
(GC) injection port. All analyses were performed in triplicate. The gas chromatography
(GC) analysis was performed using Agilent 7890B GC coupled with a 7000GC/TQ system
mass spectrometer (Agilent Technologies, Paolo Alto, CA, USA). Separation was carried
out on an HP-5 MS column; 30m x 0.25 mm x 0.25 um (J&W, Agilent Technologies,
Palo Alto, CA, USA) at a constant helium flow of 1 mL/min. The injector temperature
was set at 250 °C and the sample was applied in a split mode (70:1). The temperature
program was 50 °C for 1 min, followed by 5 °C/min to 120 °C, 8 °C/min to 200 °C, then
to 250 °C in 16 °C/min and held isothermal for 2 min. The MS source, transfer line, and
quadrupole temperature were set at 230 °C, 320 °C, and 150 °C, respectively. The mass
spectra were collected in a scan mode from m/z 30-400 and the ionization voltage was 70 eV.
Data acquisition was performed using Agilent MassHunter Workstation software (version
B.08.00). The identification of the compounds was based on a comparison of fragmentation
patterns with the NIST17 mass spectra library and they were matched with retention index
(RI) obtained by calculation relative to the n-alkane standard (C8-C20; Merc, Poland). The
quantitative analysis (expressed as percentages of each compound) was carried out by peak
area normalization measurements without a correction factor.
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3.7. Isolation of Oil and Preparation of Samples

Air-dried and pulverized fruits (5 g) were extracted four times with hexane (4 x 30 mL)
using an ultra-sonic bath (4 x 15 min.) The extracts were combined and evaporated in a
rotary evaporator. The oil (50 mg) was placed in a volumetric flask (5 mL) and dissolved in
2-propanol. The solution was filtered through a 0.25 um polyamide membrane filter before
HPLC analysis. The oil (10 mg) was dissolved in 500 puL of TBME and derivatized by the
addition of 250 uL. of TMSH. The whole sample was shaken vigorously, and the GC-MS
analysis was performed.

3.7.1. HPLC-PDA Analysis of Ursolic Acid and Tocopherols in the Oil

The analysis was performed on a VWR Hitachi Chromaster 600 chromatograph with
a 5430 Diode Array Detector, a 5440 FL Detector, and EZChrom Elite software (Merck,
Darmstadt, Germany). A RP18e LiChrospher 100 column (Merck, Darmstadt, Germany)
(25 cm x 4.0 mm i.d., 5 um particle size) was used for the analyses. The identity of com-
pounds was established by comparison of retention times and PDA spectra with the
corresponding standards. Ursolic acid was determined using a previously published
methodology [31]. An isocratic system was used with the basic chromatographic condi-
tions: the mobile phase consisted of acetonitrile, water, and a 1% aqueous phosphoric acid
solution (75:25:0.5 v/v/v); eluent flow rate 1.0 mL/min; column temperature 10 °C. The
injection volume was 10 uL. The analysis was based on chromatograms recorded with the
PDA detector. Data were collected between 200 and 400 nm. The quantitative analysis was
performed at A = 200 nm.

Tocopherols were determined using an isocratic system. The mobile phase consisted
of acetonitrile and methanol (5:95 v/v). The eluent flow rate was 1.2 mL/min. The column
temperature was set at 30 °C. The injection volume was 5 uL. The quantitative analysis
was performed using a fluorescence detector with an excitation wavelength at A = 296 nm
and an emission wavelength at A = 330 nm.

3.7.2. GC-MS Analysis of Fatty Acids in the Oil

The analysis was performed using an Agilent GC-MSD system (GC/MSD 6890N /5975)
equipped with a HP-88 Agilent capillary column (60 m x 0.25 mm; 0.20 um film thick-
ness), MSD ChemStation ver. E.02.02.1431 software (Agilent Technologies, Santa Clara,
CA, USA), and a split-splitless injector. The oven temperature was programmed from
110 °C to 190 °C with 8 °C/min, held for 2 min at 110 °C and 13 min at 190 °C. The
temperature of the injector was 250 °C. The injection volume was 1 pL (split ratio 150:1;
split flow 180 mL/min). Helium was used as a carrier gas at a flow rate of 1.2 mL/min. A
quadrupole mass spectrometer with electron ionization (EI) at 70 eV and with a full scan
type acquisition mode (50 m/z to 500 m/z) was used as a detector connected with the GC.
The temperature of the MS source and the MS quadrupole was set at 230 °C and 150 °C,
respectively. Identification of the constituents was based on a comparison of their mass
spectra with the mass spectra library NIST resources and retention times with standards.

3.8. Statistical Analysis

Determinations were performed in triplicate. The data were subjected to statistical
analysis using Statistica 7.0. (StatSoft, Cracow, Poland). The evaluations were analyzed for
one-way analysis of variance. Statistical differences between the treatment groups were
estimated by Spearman’s (R) and Person’s (r) test. All statistical tests were carried out at a
significance level of & = 0.05.

4. Conclusions

The practical aspect of the present results may be the application of the fruits as an
ingredient of plant-based products used to treat immune-related diseases, as confirmed by
Graczyk et al. [8]. With their chlorogenic acid content, the fruit extracts can be examined
as a skin-whitening agent acting as tyrosinase inhibitor and possibly used in the cosmetic
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industry. In addition to this, we did not find information on doses used in ethnomedicine,
showing the need of re-confirmation of the fruits” activity with regard to therapeutically
active doses. Based on these results, the fruits may be a substitution for the roots to prevent
exploitation of this endangered plant in some countries. This study has clearly shown that
the species can be cultivated in Europe, producing biologically active metabolites.

Supplementary Materials: The following are available online, Figure S1: Mass spectra for standards
(based on the NIST database) and investigated fatty acids. Figure S2: Mass spectra of HS-SPME/GC-
MS investigated compounds. Table S1: Chromatographic parameters and calibration data for
quantification of investigated eleutherosides and phenolic acids.
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Ethnopharmacological relevance: In the ethnomedicine of Russia, the Eleutherococcus senticosus (Rupr. et Maxim.)
Maxim. fruits and roots are used to treat immune-related diseases. Because of the overexploitation of the roots,
the species is considered to be endangered and is put on the Red List in some countries (e.g. the Republic of
Korea). Therefore, the aerial parts of E. senticosus might be explored as a new sustainable source of compounds
with an adaptogenic activity.

Aim of the study: This study is aimed to evaluate the adaptogenic activity of the Eleutherococcus senticosus fruits
intractum to support the use of the fruits in folk medicine of Russia.

Materials and methods: The effect on IL-2 and IL-10 release by peripheral blood leukocytes (PBLs) was measured
by the ELISA, the CPE on the A549 and PBLs were determined with trypan blue and the MTT. The innate im-
munity assay was done in the VSV-PBLs model. Metabolic profiling was done using HPLC-DAD and HPLC-RID.
Results: We report for the first time that the intractum (300 pg/mL) and eleutheroside E (100 pg/mL) and B (100
pg/mL) do not act as a virucidal agent (VSV). The intractum and eleutherosides E and B caused the increase of
the PBLs proliferation up to 24.61 and 100%, resp. The decreased viral replication in the VSV-PBLs-Int model
might be associated with an increased secretion of IL-10 (328 pg/mL). Eleutheroside E and B did not affect the
innate immunity. No eleutherosides were determined in the intractum, the ethyl acetate layer contained caffeic
and protocatechuic acids. A large amount of myo-inositol and D-mannitol was found (267.5 and 492.5 mg/g DE).
Conclusions: Our observations justify the traditional use of the fruits in Russia in immune-related diseases. The
results mean that there are other compounds than eleutherosides responsible for the adaptogenic effect, probably
myo-inositol and caffeic acid, for which an immunostimulatory activity has already been confirmed.

1. Introduction

presence in the market, mainly as dietary supplements and nutri-pharm
products. Eleutherococcus senticosus (Rupr. et Maxim.) Maxim., known as

Herbal medicinal products based on Eleutherococcus extracts are a Ciwujia in Chinese, Siberian ginseng, Devil’s Shrub Touch-me-not,
recent European development from a traditional use in Eastern Asia and Prickly Eleutherococc, is a well-known medicinal plant traditionally
North Russia. Since few years, Eleutherococcus products increased their used as an adaptogen in Russia and in China (Lau et al., 2019; Soejarto

Abbreviations: Int, the intractum; DE, dried extract; E, eleutheroside E; B, eleutheroside B; PBLs, peripheral blood leukocytes; VSV, Vesicular stomatitis virus; VSV-
PBLs model, Vesicular stomatitis virus-peripheral blood leukocytes; VSV-PBLs-Int model, Vesicular stomatitis virus-peripheral blood leukocytes-Intractum; A549, the
human lung carcinoma cell line; 1929, the murine fibroblast-like cell line; CCso, 50% cytotoxic concentration; CPE, cytopathic effect; IL-2, interleukine 2; IL-10,
interleukine 10; LPS, lipopolysaccharide; TCID50, tissue culture infectious dose.
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and Farnsworth, 1978). In TCM the plant was used for over 4000 years
to increase longevity. In Europe, the oldest sources on E. senticosus date
back to 1855, when two Russian scientists began studying the plant after
their travel to the Far East of Russia in 1853-1857. An intensive study of
E. senticosus (Eleutherococci radix et rhizoma) initiated in the middle of
the twentieth century by Russian scientists, and after its introduction in
medical practice in the USSR in the 70s, it became popular also in
Europe (Soejarto and Farnsworth, 1978; Tabachnik, 1997; Yance,
2013).

Eleutherococci radix et rhizoma is best known for its adaptogenic ac-
tivity and has been classified as the true adaptogen (Liao et al., 2018),
(Table 2). The concept of an adaptogen was introduced by Soviet sci-
entist, dr Nikolay Lazarev, who had been searching for substances which
produced “a state of nonspecific resistance”. According to Brekhman and
Dardymov, adaptogens should improve the adaptation to stress, they are
“a new class of metabolic regulators which increase the ability of an
organism to adapt to environmental factors and to avoid damage from
such factors”. They increase general non-specific resistance of the body,
namely, resistance to diverse chemical, physical, and biological factors.
Currently the renewed definition of adaptogen is supported by the re-
sults of recent studies on the molecular mechanisms of action (Brekh-
man and Dardymov, 1969; Panossian et al., 2020; Seo et al., 2019;
Shikov et al., 2014).

It was reported that, in the late 1970°s Olympic Games, the athletes
of the Old Soviet Union improved their records due to supplementation
of E. senticosus roots products (Boon and Smith, 2004; Domene, 2013).
For medicinal purposes alcoholic extracts, tincture, oil, decoction and
cream are traditionally used (Table 1). The roots are used to manufac-
ture a drink, known as Baikal (Baiikan), and as a source of biologically
active compounds in natural multivitamin complex, known as Elton
(Durron, 50 mg of powdered root), (Parfenova et al., 2013; Solomonova
et al., 2019).

Over the last years, in some countries like South Korea, E. senticousu
has become rare, due to the over-exploitation, and it has been classified
as a protected plant by the Environmental Ministry, therefore a new
renewable source of this adaptogen is needed (Kang et al., 2010; Kim,
2014). The best solution would be the use of aerial parts, e.g. the fruits.
Their main metabolites are very varied and are called the eleutherosides
with eleutheroside B (syringin 4-g-D-glucoside) and E ((—)-siringar-
esinol 4,4”-0-p-D-diglucoside) to be in a majority. Moreover, the fruits
are rich in flavonoids (13.4-14.4 mg/g ext.), polyphenols (38.5-41.1
mg/g ext.), minerals (Ca 3730-4495, Mg 1430-1540, Fe 35.4-53, Mn
75.2-88.3, Zn 18.9-41.0, Cu 3.34-13, Se 0.19-061; mg/kg respec-
tively), (Kim et al., 2015; Zatuski et al., 2010; Zatuski and Janeczko,
2015). Triterpenic acids, e.g. ursolic acid were also determined (Jang
et al., 2016).

Powder and infusion of fruits have a tonic effect on the central

Table 1
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nervous system in small doses, however in higher doses it acts as a
sedative. It is said that eleutheroside B and E are the most active com-
pounds and are probably responsible for the adaptogenic activity. The
latest results have shown cardioprotective effects of eleutheroside B in
rabbit heart models (Zhang et al., 2020). In turn eleutheroside E might
regulate steroidogenesis, estrone, arachidonic acid, tyrosine and gluta-
thione metabolism in Wistar rats model (Ma et al., 2020). Both eleu-
therosides showed protective effects against neuritic atrophy and nerve
cell death, as well as a weak inhibitory effect on CYP2C9 and CYP2E1
but no effect on CYP2D6 and CYP3A4 (Guo et al., 2014). The
pro-healthy extract properties (no information regarding the solvent)
are the reason for which it is used in the production of phyto-jam,
0.8-1.6 kg of extract/100 kg of the final product (Parfenova et al.,
2013; Solomonova et al., 2019).

On the basis of our previous findings on the E. senticosus fruits
intractum, we have concluded a possible adaptogenic activity. To probe
our hypothesis we studied the plant material in a series of in vitro models
for bioactivities related to the adaptogenic properties. The impact on the
proliferation of human leukocytes (PBLs) isolated from the healthy
volunteers and the sensitivity of leukocytes to the vesicular stomatitis
virus infection (VSV, Rhabdoviridae; VSV-PBLs) was evaluated. The
virucidal properties and a production of IL-2 and IL-10 were also tested.

2. Materials and methods
2.1. Chemicals and reagents

The standards of eleutheroside B > 98.0% (HPLC) and eleutheroside
E > 98.0% (HPLC), myo-inositol >99%, D-mannitol >98%, proto-
catechuic acid >97%, p-hydroxybenzoic acid 99%, vanillic acid >97%,
caffeic acid >98%, ferulic acid >99%, rosmarinic acid >98%, DMEM
Medium, RPMI 1649 Medium, phosphate buffered saline (PBS), gradient
grade acetonitrile and trifluoroacetic acid >99% were obtained from
Sigma-Aldrich (St. Louis, MO, USA). LC grade methanol (MeOH) was
purchased from J.T. Baker (Phillipsburg, USA). Ultrapure water was
prepared using a Millipore Direct-Q3 purification system (Bedford, MA,
USA). The A549 cell line (ATCC CCL 185) - human lung carcinoma cell
line and was maintained in RPMI 1640 culture medium and Dulbecco
medium (IIET, Wroclaw, Poland) respectively, supplemented with 10%
fetal bovine serum, antibiotics (100 U/mL penicillin and 100 pg/mL
streptomycin), and 2 mM L-glutamine. Vesicular stomatitis virus (VSV)
(strain Indiana; ATTC VR-1238™, Rhabdoviridae, was propagated and
titrated in L929 cells (ATCC CCL1). All other reagents were of analytical
grade.

Summary of the pharmaceutical forms and dosage for an oral administration of Eleutherococcus senticosus preparations (Baranov, 1982; Pizzorno and Murray, 2012). All

photos come from the private collection of D. Zatuski.

Pharmaceutical form Roots Fruits
Powder Tincture (1:5) Fluid extract (1:1) Solid extract (20:1) Intractum
Doses 2-4 g/1-3 divided doses 10-20 mL/1-3 divided doses ~ 2-4 mL/1-3 divided doses 100-200 mg/1-3 divided No data available
daily doses daily

daily daily
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Table 2

List of the plant species classified into the true adaptogens group and as a plant
material traditionally used in the immune system deficiencies. The fruits of
Eleutherococcus senticosus are now being explored as a sustainable plant-based
adaptogen.

Family Species Part Traditional use References
Araliaceae Panax ginseng C.  root used for (Patel
A.Mey, strengthening, etal,
nourishing, 2007); (
adjusting blood Wangetal.,
pressure and 2016); (
restoring heart Liao et al.,
function, 2018)
neurasthenia
and physical
weakness,
dysphoria,
thirst, asthenia
coughing, joint
pain,
haemoptysis,
haematemesis,
bleeding
wounds
Schisandraceae  Schisandra fruit, increase mental (Liao et al.,
chinensis seed ability, remove 2018); (
(Turcz.) Baill., fatigue, Zhang
improve visual etal.,
acuity in the 2014); You
dark, sleep aids, etal.,
stress prevent 2015)
Araliaceae Eleutherococcus root improving the (Liao et al.,
senticosus fruit? circulatory 2018); (
(Rupr. & system, anti- Huang
Maxim.) fatigue, etal.,
Maxim. promoting 2011); (
blood Gaffney
circulation for etal.,
removing blood 2001); (
stasis, Huang
invigorating the et al,,
stomach and for ~ 2011)
diuresis,
increase cellular
energy levels
and prevent
oxidative
damages
Crassulaceae Rhodiola rhizome, increases the (Liao et al.,
crenulata root body’s 2018); (
(Hook. et resistance to Chen et al.,
Thoms) S.H.Fu stress and other 201505 (
adverse Chiang
environmental etal,
factors 2015)
Brassicaceae Lepidium root improves semen (Liao et al.,
meyenii quality, for 2018); (
Walp. enhancing Gonzales
fertility et al.,
effectively, anti- 2012); (Xia
fatigue etal,
2018)

2.2. Plant material and preparation of the extract

The matured fruits of Eleutherococcus senticosus (Rupr. et Maxim.)
Maxim. were collected at the Garden of Medicinal and Cosmetic Plants
in Bydgoszcz (Poland) in September 2017 (N: 53°07'36.55" E:
18°01'51.64"). The plant sample was deposited at the Department of
Pharmaceutical Botany and Pharmacognosy, Collegium Medicum,
Bydgoszcz, Poland, Cat. Nr. ES October 2018. Plant materials identity
was evaluated morphologically and by HPLC-DAD and HPLC-RID
analysis, in comparison with reference data. The fresh fruits (20 g)
were macerated in 100 mL 40% ethanol for 30 days under domestic
conditions (room temperature, dark place). After that, the extract was
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filtered through Whatman no. 4 filter paper. The solvent was dried with
an evaporator under vacuum conditions at 45 °C, next frozen at —20 °C
and subjected to lyophilisation. The dried residue was stored in an
exsiccator at 4 °C. The extraction yield was calculated based on the dry
weight of the extract [%].

2.2.1. Liquid-liquid extraction of polyphenols

Dry intractum (200 mg) was dissolved in 10 mL of water and
extracted 10 x with 2 mL of ethyl acetate in a Falcon tube (15 mL). After
each extraction, the ethyl acetate layer was collected and transferred to
a falcon tube (50 mL). After extraction, the acetate fraction (20 mL) was
evaporated to dryness under a stream of nitrogen. The dry residue was
dissolved in 60% MeOH (v/v) and transferred quantitatively into a
volumetric flask (5 mL).

2.2.2. HPLC-PDA-based metabolomic profiling of phenolic compounds in
the extract

Analyses were performed on EliteLaChrom chromatograph with PDA
detector and EZChrom Elite software (Merck, Darmstadt, Germany).
Gradient chromatographic system was used as follows: RP18e LiChros-
pher 100 column (Merck, Darmstadt, Germany) (25 cm x 4.0 mmi.d., 5
pm particle size) at 25 °C, a mixture of acetonitrile (solvent A) and water
(solvent B) both acidified with 0.025% of trifluoroacetic acid were used
as the mobile phase. The compounds were separated by gradient elution
with program: 0.0-8.0 min A 10%, B 90%; 8.1-18.0 min A 10-20%, B
90-80%; 18.1-28.0 min A 20%, B 80%; 28.1-35.0 min A 20-25%, B 80-
75%; 35.1-40.0 min A 25%, B 75%. Flow rate was 1.0 mL/min. Data
were collected between 190 and 400 nm. The identity of compounds was
established by comparison of retention times and UV spectra with the
corresponding standards. Quantitative analysis was performed at 1 =
259 nm, 264 nm, 255 nm, 260 nm, 323 nm, 206 nm, 322 nm, 206 nm,
328 nm for protocatechuic acid, eleutheroside B, p-hydroxybenzoic acid,
vanillic acid, caffeic acid, eleutheroside E, ferulic acid, eleutheroside E1
and rosmarinic acid resp.

2.2.3. HPLC- RID-based metabolomic profiling of sugars in the extract

Qualitative and quantitative analyses were performed on an Agilent
1200 chromatograph with RID detector. Isocratic chromatographic
system was used as follows: Rezex RHM Monosaccharide H+ column
(Phenomenex, Aschaffenburg, Germany) (30 cm x 7.8 mm i.d., 8 pm
particle size) at 60 °C, degassed water was used as the mobile phase.
Flow rate was 1.0 mL/min. Sugars were monitored using a refractive
index detector set on positive polarity and their identity was established
by comparison of retention times and UV spectra with the corresponding
standards. For qualitative analysis, 33 sugars were analyzed (ribitol
>99.0%, D-altrose >97.0% (HPLC), D-(—)-arabinose >98.0%, D-
(+)-cellobiose >98.0%, D-(+)-digitoxose >99.0%, dulcitol >99.0%,
meso-erythritol >99.0%, D-(—)-fructose >99.0% (HPLC), L-(—)-fucose
>99.5% (GC), D-(+)-galactose >99.0%, gentiobiose >85.%, D-
(+)-glucose >99.5% (GC), myo-inositol >99%, isomaltose >98.0%,
lactose >98.0%, lactulose >98.0%, D-lyxose >99.0%, D-maltose
>99.0%, maltotriose >90.0%, maltulose >98%, D-mannitol >98%, D-
(+)-mannose >98.0%, melibiose >98.0%, D-(+)-melezitose >97%, D-
(+)-raffinose >99.0%, L-(+)-rhamnose >99.0%, D-(—)-ribose >99.0%,
D-sorbitol >99.0%, stachyose >98.0%, sucrose >99.5%, trehalose
>99.0%, xylitol >99.0%, D-(+)-xylose >99.0%). The sugars were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). Only myo-inositol and
D-mannitol were detected and measured quantitatively. To prepare
calibration curve three concentrations of myo-inositol and D-mannitol
were used (0.25; 0.5; 1.0 mg/mL) which were linear with the curve
equations y =  17.11875941x+0.00113333 and y =
18.36674978x+0.0152813, with a correlation coefficient of 0.999 (Rz),
resp.
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2.3. Preparation of stock solutions of the extract and compounds for
bioassay

The intractum was dissolved in 20% EtOH in PBS (10 mg/mL).
Eleutheroside B (2 mg/mL) and eleutheroside E (2 mg/mL) were dis-
solved in EtOH with DMSO (v/v 20%). Before addition to the cell cul-
tures, all samples were diluted with DMEM 2% FBS medium. The
samples were tested in a concentration of 2.35, 4.7, 9.4, 18.8, 37.5, 75,
150, 300 pg/mL. The final concentration was established as 300 pg/mL
for the intractum and 100 pg/mL (0.26 pM) for eleutheroside B and 100
pg/mL (0.13 pM) for eleutheroside E, resp., what was equal the highest
value that does not cause the CPE in the cells. LPS (1 pg/mL), cidofovir
(100 pg/mL), ribavirin (100 pg/mL) were used as positive controls. The
concentration of DMSO used (<0.1%) did not influence the assays.

2.4. Cells and viruses

Compounds were tested against VSV-vesicular stomatitis virus
(strain Indiana; ATTC VR-1238™, Rhabdoviridae); in A549-human lung
adenocarcinoma epithelial cell line culture (ATCC® CCL-185™).

2.5. Isolation of peripheral blood leukocytes (PBLs)

The study was conformed to the principles of the Declaration of
Helsinki. Peripheral venous blood was taken from healthy human vol-
unteers (30-40 years old) in the Hospital of Collegium Medicum in
Bydgoszcz in 2018. Volunteers were clinically recognized to be in a good
health, routine laboratory tests showed no deviations from normal
range, they did not take any medication. The study was approved by the
Bioethical Commission (Nicolaus Copernicus University). Human pe-
ripheral blood leukocytes (PBLs) were isolated according to the standard
protocol from peripheral blood supplemented with anticoagulants
(EDTA), by gradient centrifugation in Gradisol G, with a density of
1.115 g/mL (Aqua Medica, Poznarn, Poland). The leukocytes were
collected from the interphase, washed two times with RPMI 1640,
supplemented with 2% of FBS and suspended in this medium at a density
of 2 x 10° cells/mL.

2.6. Cytotoxicity assay: determination of cytotoxic concentration CCsp

The cytotoxic effect of samples on A549 cells was determined
microscopically with trypan blue test and with the MTT method. Briefly,
subconfluent monolayers of A549 cells (1,8 x 10* cell/well in Dulbecco
Minimal Essential Medium (DMEM) supplemented with 5% Fetal Bovine
Serum (FBS), antibiotics (100 U/mL penicillin and 100 pg/mL strepto-
mycin), and 2 mM L-glutamine (all from Sigma Aldrich, USA) were
incubated in 96-multiwell plates in the presence of dilutions of the
compounds (300, 150, 75, 37.5, 18.8, 9.4, 4.7, 2.35 pg/mL), in triplicate
for 72 h at 37 °C in a humidified atmosphere with 5% CO,. During the
incubation, changes in cell morphology indicating cytotoxicity (CTE,
cytotoxic effect) were observed and scored according to a scale: 0 - no
cytotoxicity; 1 - up to 25%; 2-50%; 3-75%; 4-100% cytotoxicity. Next
MTT assay has been performed by adding 20 pL of MTT solution
(Promega, Madison, WI, USA) to each well. After incubation of micro-
plates at 37 °C/5% CO. for 3 solubilization/stop solution- SDS-HCI -
(100 pL/well) was added and the absorbance values of the wells were
measured at 570 nm using a 96-well plate reader (Multiskan RC spec-
trophotometer, Thermo Labsystems, USA). The 50% cytotoxic concen-
tration (CCsp) was determined based on microscopic reading (CTE).
CCso was defined as the concentration that reduced cell viability by 50%
with respect to controls without drug.

2.7. Characterization of the antiviral activity of the intractum and
eleutherosides B and E

All experiments described below were performed in parallel with
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drug effective against used virus (Cidofovir, Ribavirin) to test the suit-
ability of the assay. The VSV-107 TCIDso/mL stocks were generated by
infecting monolayers of A549 cell culture. Each assay was run three
times.

2.7.1. Virucidal activity

The virucidal activity was measured by in vitro incubation of viruses
with the compounds. Briefly, viruses were incubated for 2 h at RT with
non-toxic (CCyp) concentration of each compound. Simultaneously, the
same amount of virus was incubated with culture medium as a control.
After incubation viruses were titrated (10’l do 10’3) and plated on
A549 cell monolayers seeded in 96-well plates 24 h before experiment
(2 x 10* cell/well). The plates were incubated for 72 h at 37 °C in a
humidified atmosphere with 5% CO,. The cytopathic effect (CPE) was
observed under microscope and determined by the MTT method.
Scoring of CPE was from 0 (no CPE) to 4 (100% cell destruction).

2.7.2. Pretreatment assays

To assess the effect of the pretreatment with the samples, A549 cell
monolayers seeded in 96-well plates were treated for 24 h at 37 °C with
CCy of each compound in triplicate. Then, the medium was removed
and the cell monolayers were infected with 100 TCIDso/well of each
virus. After 30 min at 37 °C the viral inoculum was removed. Plates were
washed and finally overlaid with 2% DMEM (100 pL per well) and then
incubated 72 h. Finally, the cytopathic effect (CPE) was observed under
microscope and determined by the MTT method.

2.7.3. Time of addition assays

To study the effect of the samples in the adsorption and post-
adsorption events, two different treatments with the compounds were
carried out. First when the derivatives were present: (i) only during the
adsorption period (Adsorption); (ii) after adsorption and until the end of
the experiment (Post-Adsorption). Briefly, A549 cell monolayers
cultured in 96-well plates were then infected with 100 TCIDso/well of
each virus in the presence or absence of each compound and further
incubated at 37 °C (for designated time for each virus) allowing only the
adsorption step of the viral particles to the cells (Adsorption). Cell
monolayers were then washed and incubated with 2% DMEM. In the
Post Adsorption experiments, A549 cell monolayers were infected with
100 TCIDsq/well of virus and after adsorption, cells were washed and
derivatives were added to the wells. CPE was assessed after 72 h under
microscope and determined by the MTT method.

2.8. Proliferation assay

PBLs isolated from healthy volunteers were seeded at a density of 1
x 10° cells/mL in 24-well DMEM plates with 5% FBS, in 500 pL. Then,
500 pL of samples solution or LPS (1 pg/mL; control wells) was added
and plates were incubated 48 h in an incubator (37 °C, 5% CO3). Three
different blood samples were stimulated with each compound. Next, the
MTT test was performed. Cell viability (%) was calculated for each
concentration as mean of as Abs treated/Abs control x 100, where Abs
treated and Abs control are the absorbance readings for the wells with
and without compounds. The background control (solvent control) was
subtracted from all the measurements before calculation.

2.9. Cytokine determination

Cytokine levels were determined in the supernatants above the un-
infected PBL cultures, treated and not treated with compounds. ELISA
kits (IL-10, ELISA MAX, Biolegend; IL-2, Life Technologies) were utilized
according to the producer’s instructions. The optical density was
measured at 450 nm with a  correction of 570 nm using a Multiskan RC
spectrophotometer (Thermo Labsystems, USA). Cytokine concentrations
were expressed in pg/mL.
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2.10. Evaluating the innate immunity

Innate immunity was determined by assessing the resistance of PBLs
to VSV infection as described earlier (Orzechowska et al., 2007). Briefly,
leukocytes (1 x 10°/mL) were infected with a vesicular stomatitis virus
(VSV) (100 TCIDso- 50% tissue culture infective dose). After 40 min of
adsorption at room temperature, the virus was removed by washing
three times with 5 mL RPMI 1640 and with 2% FBS. Next, 1 mL of
culture medium or diluted compound were added to wells, so that the
final concentrations of compounds used was 300 pg/mL for the
intractum and 100 pg/mL for eleutherosides B and E, resp. Each com-
pound was used to stimulate three randomly selected blood samples
(infected with the virus). Three replicates per concentration were pre-
pared. Infected cells were incubated at 37 °C for 48 h. A sample of
infected cells was set aside and kept at a temperature of 4 °C, to serve as
a wash control. Titers of VSV in samples of the medium above the leu-
kocytes were determined in L929 cells. A VSV titer higher than 4 log
TCIDsy was considered a deficiency of resistance/innate immunity, a
titer of 2-3 log indicated partial resistance, and a titer of 0-1 log indi-
cated complete resistance/innate antiviral immunity.

2.11. Statistical analysis

The results were expressed as the mean + SEM of three independent
experiments performed at least in triplicate. The obtained data were
subjected to statistical analysis using Statistica 12.0. (StatSoft, Cracow).
The evaluations were analyzed for one-factor variance analysis. Statis-
tical differences between the treatment groups were estimated by
Spearman’s (R) and Wilcoxon tests. All statistical tests were carried out
at significance level of a = 0.05.

3. Results
3.1. Survival of A549 cell line

Because the viruses can replicate only in living cells, at the first step
the CPE of the analyzed samples on A549 cell line was determined. The
A549 cells were stimulated during 3 days and compared to the control.
Concentrations up to 300 pg/mL for the intractum and up to 100 pg/mL
for eleutheroside B and E, resp., did not cause any cytopathic changes in
the cells. The A549 cell culture may be used in the further studies as a
medium for generating viruses particles and evaluating antiviral activity
of the samples.

3.2. Survival of PBLs and their proliferation

In order to check whether the doses selected in 3.1. do not cause the
death of leukocytes isolated from the healthy donors, the cells were
stimulated for 48 h with the intractum (300 pg/mL) and eleutheroside B
and E (100 pg/mL each) and compared with non-stimulated control.
Concentrations did not affect the viability decrease of PBLs, contrary,
the increase in the PBLs proliferation was noticed. Fig. 1 shows a sta-
tistically significant increase of the PBLs number in comparison to the
control after 48 h of stimulation. The increase of the number of leuko-
cytes is in a line with our hypothesis on the adaptogenic activity of the
fruits.

3.3. Effect of the intractum, eleutheroside B and E on IL-2 and IL-10
levels in PBLs

The plant-based adaptogens are known for their anti-inflammatory
activity, so we tested the impact of compounds both on IL-2 (pro-in-
flammatory cytokine) and on IL-10 (anti-inflammatory cytokine) pro-
duction, (Table 3). At the tested concentrations, no significant changes
in the IL-2 levels were observed. However, the intractum samples
showed a statistically significant increase of the production of IL-10. A
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Fig. 1. Proliferation (%) of leukocytes after the intractum (300 pg/mL), eleu-
theroside B and E (100 pg/mL each) stimulation during 48 h. LPS (100 pg/mL)
was used as a positive control. Data of three separate experiments performed
using leukocytes isolated from independent donors assayed in duplicate are
expressed as mean + SEM. All data are presented as median values. Statistical
analysis was performed using the Wilcoxon test, *p < 0.05.

Table 3

Effect of compounds of the IL-2 and IL-10 release (pg/mL). B, eleutheroside B
(100 pg/mL); E, eleutheroside E (100 pg/mL); Int, intractum (300 pg/mL). LPS
as a control at concentration of 100 pg/mL was used. Statistical analysis was
performed using the Wilcoxon test, *p < 0.05.

Compounds B E Int LPS
IL-2 n.d. n.d. n.d. n.s.
IL-10 1703 +7.9 187 £1.3 328 £ 1.4 473
t-test 0.446 0.573 0.062 0.0882

weaker effect was observed in case of eleutheroside B and E.
3.4. Antivirial activity of the intractum, eleutheroside B and E

To avoid any misunderstandings, whether the compounds have the
adaptogenic abilities and decrease the viruses’ titer, or act alone as an
antiviral agent, their activity against vesicular stomatitis virus (VSV),
has been determined. The incubation of the VSV with the intractum,
eleutheroside B and E prior to infection did not cause a significant
reduction of the virus titer (Fig. 2). No effect on VSV replication was
observed when the samples were added during the adsorption period, or
30 min after infection with VSV (Fig. 3). Our data suggest that the
intractum, eleutherosides B and E did not act as the antiviral agents with
the titer (logTCIDso/mL) about 4.6, 4.0 and 5.0 in comparison to a non-
stimulated control, equal 4,0.
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Fig. 2. The virucidal effect of the compounds on VSV. Eleutheroside B (100 pg/
mL), eleutheroside E (100 pg/mL), and the intractum (300 pg/mL) were incu-
bated with VSV for 2 h in 37 °C. After incubation mixtures were titrated, plated
on A549 cell monolayers, and incubated for 72 h. VSV titer was compared to
not treated (VSV only) control.



94

F. Graczyk et al.

5,00
=

= 400 e —
g

T 3,00

2

= 200

3

2 100

-

7]

=

0,00

B & Int

3,00
2,00
" 133

Journal of Ethnopharmacology 268 (2021) 113636

Cidofovir Ribavirin VsV

Fig. 3. The influence of the compounds on VSV replication in three variants: green: compounds were added to the A549 cells 24 h before infection with VSV; red:
compounds were present only during the adsorption period (adsorption); black: compounds were added after the adsorption period. Cidofovir and ribavirin were
used as positive controls. B, eleutheroside B (100 pg/mL); E, eleutheroside E (100 pg/mL); Int, intractum (300 pg/mL).

3.5. Effect of the intractum, eleutheroside B and E on the non-specific
resistance after PBLs stimulation with VSV

The non-specific, innate immunity can be stimulated with different
plant-based metabolites, such as adaptogens, which should increase the
resistance to VSV infection. Innate immunity was determined by
assessing the resistance of PBLs to VSV infection. VSV does not cause
natural infections in the European human population, so specific anti-
bodies against VSV are absent in human serum, which excludes the
participation of acquired immunity in this experimental model of innate
immunity. The 48 h stimulation of VSV infected PBLs with the intractum
caused a 3-log drop in titer of VSV in comparison to non-stimulated
control, which indicates a partial resistance. No statistically significant
decrease of the titer was observed in case of eleutheroside B and E
(Fig. 4).

3.6. HPLC-DAD and HLC-RID metabolomic profiling of polyphenols and
sugars in the intractum

Primary and secondary metabolites are responsible for pharmaco-
logical effects of the plant, we examined myo-inositol and D-mannitol in
the raw intractum and phenolic profile after its additional water/ethyl
acetate partition clean-up. Table 4 presents the quantitative results for
eleutherosides, phenolic acids and sugars. Fig. 5 presents an exemplary
chromatogram for eleutherosides and phenolic acids, Fig. 6 presents the
chromatogram for sugars. The extraction of the fruits resulted in 5.5%
dry extract yield.

pr=0.035

r=0,693| ¢+ 4
a Iyt

B+VSV VSV E+VSV VsV Int+VSY VSV

Fig. 4. Effect of eleutheroside B, eleutheroside E and the intractum on the
innate immune stimulation in PBLs infected with VSV. B, eleutheroside B (100
pg/mL); E, eleutheroside E (100 pg/mL); Int, intractum (300 pg/mL). Median
titer and Min-Max are presented. Statistical analysis was performed using the
Wilcoxon test, *p < 0.05.

4. Discussion

In this study, we hypothesized that the intractum from the fruits of
Eleutherococcus senticosus and eleutheroside B and E may have a physi-
ological role in non-specific body resistance. This hypothesis was based
on the knowledge regarding the ethnomedicinal and ethnonutritional
uses of the fruits by the Russians living in Siberia, i.e. aiming at
improvement of the physical body performance and immunity. In the
process of plant-based drug discovery, the selection of an appropriate
bioassay and its validation are important steps to determine the activity
of the products and extracts. To test our hypothesis, we examined the
direct impact of the compounds on a stimulation of the PBLs in the
presence of the VSV (VSV-PBLSs in vitro).

Because the viruses can replicate only in alive cells, the A549 cell line
was used in the research as a living environment for the virus replica-
tion. However, to exclude a cytotoxic activity of the compounds, in the
first step the CPE of the intractum and eleutherosides B and E towards
the A549 cell line was assayed. The non-toxic doses were calculated as
300, 100 and 100 pg/mL, respectively. Some authors reported a cyto-
toxic activity of adaptogens towards cancer cell lines (Atta and al-Ani,
2015; Cichello et al., 2015; Hacker et al., 1984; Kim et al., 2018; Lee
etal., 2018; Wong et al., 2018; Yu et al., 2003; Yu et al., 2015; Zhu et al.,
2015). However, it requires high concentrations, what does not meet the
recommendation of an interesting in vitro cytotoxic activity if the ICsq is
< 20 pg/mL (National Cancer Institute, United States), (Omosa et al.,
2016). Our results are in agreement with those obtained by Protasova
et al. (1986) who concluded that the adaptogens in oncology are espe-
cially effective for cancer prevention and in cancer patients with a small
tumor mass. However, they act rather via modifying the immune
response than via the CPE, making a patient better prepared for specific
treatment. The CPE due to PBLs for the established doses, i.e. 300, 100
and 100 pg/mL, was also excluded. That finding is in agreement with a
function as an adaptogen, which is generally thought to be a rather
nontoxic substance for normal cell lines (Fulder et al., 2013; Orze-
chowska et al., 2014; Panossian, 2017; Protasova and Zykov, 1984;
Yaremenko and Pashinski, 1986).

Inflammation is a process constantly occurring in the body and is
activated by different factors among others hyaluronidase. The anti-
hyaluronidase activity of the intractum or the 75% methanol extracts
has already been reported. The intractum inhibited hyaluronidase at the
level of 60% at a concentration of 22 pg/0.16 mL, while for aescin the
same value was observed at concentration of 400 pg/0.16 mL (Zatuski
et al., 2016). Following the adaptogen criteria, the adaptogen should
regulate the inflammatory process, therefore the impact of the intractum
on the production of IL-2 (pro-inflammatory) and IL-10 (anti-in-
flammatory) was measured. On the basis of the results, it is shown that
the intractum and eleutheroside B and E increased only the level of IL-10
(Table 2). There was not statistically significant difference between
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Table 4

Journal of Ethnopharmacology 268 (2021) 113636

Contents of phenolic compounds in the ethyl acetate fraction from the intractum and sugars (mg/g extract): E-eleutheroside E, E1-eleutheroside E1, B-eleutheroside B,
PA-protocatechuic acid, 4-OH-benzoic acid, VA-vanillic acid, CA-caffeic acid, FA-ferulic acid, RA-rosmarinic acid, Myo-I - myo-inositol, D-M- D-mannitol.

E El B PA 4-OH VA

CA FA RA Myo-I D-M

n.d. n.d. n.d. 1.16 + 0.02 0.03 £ 0.01 0.05 + 0.07

3.85 + 0.07 0.11 £ 0,01 n.d. 267.5 + 0.07 492.5 + 0.07

A)

Fig. 5. A) An exemplary chromatogram of Eleuther-
ococcus senticosus intractum (green line) and refer-
ence compounds (blue line): 1-protocatechuic acid, 2-
eleutheroside B, 3-p-hydroxybenzoic acid, 4-vanillic
acid, 5-caffeic acid, 6-eleutheroside E, 7-ferulic acid,
8-eleutheroside E1, 9-rosmarinic acid. Over the
chromatograms the spectra of identified and refer-
ence compounds. B and C-the spectrochromatograms
of intractum and reference compounds, resp. RP18e
LiChrospher 100 column at 25 °C, a mixture of
acetonitrile (solvent A) and water (solvent B) both
acidified with 0.025% of trifluoroacetic acid were
used as the mobile phase. The compounds were
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C)
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Fig. 6. An exemplary chromatogram of the sugars in the Eleutherococcus sen-
ticosus intractum: 1-myo-inositol, 2-D-mannitol. The compounds were separated
by isocratic elution on the Rezex RHM Monosaccharide H+ column, 30 cm x
7.8 mm i.d., 8 pm particle size) at 60 °C, degassed water was used as the mobile
phase. Flow rate was 1.0 mL/min.

eleutheroside B and E in the PBLs-stimulated IL-10 production «? =
0.933; p < 0.05). The intractum contributes to a higher IL-10 production
than eleutherosides which may result from the synergism of different
compounds present in the intractum. Until now, only the influence of the
root extracts has been tested on the level of IL-6 (pro-inflammatory) in
the lung tissue of a mouse model for acute lung injury, and in SW982
human synovial sarcoma cells. The extract down-regulated the level of
IL-6 (Fei et al., 2014). The results of other studies on the ethanol extract

R separated by gradient elution with program: 0.0-8.0
R o~ min A 10%, B 90%; 8.1-18.0 min A 10-20%, B 90-
Woules 80%; 18.1-28.0 min A 20%, B 80%; 28.1-35.0 min A

20-25%, B 80-75%; 35.1-40.0 min A 25%, B 75%.
Flow rate was 1.0 mL/min.

28
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from the roots of E. senticosus exhibited the ability to induce and enhance
IL-6 in the concentration range 0.03-1.0 mg/mL. Such an effect was not
observed in case of the isolated metabolites, i.e. eleutheroside B and E
(Steinmann et al., 2001). It was found that the synthesis of Rantes (the
C-C chemokine subfamily), after stimulation of whole blood cultures by
an ethanol root extract of E. senticosus may be increased over a wide
range of concentrations. A decrease in IL-4, IL-5 and IL-12 was noticed at
higher concentrations, but at lower ones a stimulation of IL-6 and IL-13
was seen (Schmolz et al., 2001). Regarding the above statements, the use
of this extract should be discussed again, especially in case of patients
suffering from cancers and inflammatory-based disorders. The literature
provides different information about the influence of E. senticosus on
interleukins’ levels. Therefore, the most reliable step would be to eval-
uate the impact of the extract on a wide panel of interleukins, both pro-
and anti-inflammatory in one set of experiments.

For a better understanding of the mechanism of the adaptogen’s
action, the next step was to exclude a virucidal activity of the intractum
and eleutheroside B and E towards the VSV. The established antiviral
drugs, cidofovir and ribavirin, were included as control drugs. No
antiviral activity was expected because an adaptogen should activate the
immune system to fight viral infections. In order to identify the step at
which replication might be inhibited, VSV was pretreated with the
compounds prior to cells infection, the second variant was to treat with
the compounds during virus adsorption and the last variant was to add
the compounds after the virus adsorption. The addition of the intractum
90 min after infection lowered the VSV titer about 1 log comparing to
the control ribavirin about 2.6 log. According to Ruppach (2014), a titer
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lower than 1 log indicates a complete lack of virucidal effect. The ob-
tained results have confirmed our hypothesis regarding a lack of an
anti-VSV activity and there are in an agreement with those obtained by
Wacker and Eilmes (1978) for the roots’ ethanol extract (100 pg). No
inhibition of the VSV replication was seen when the extract and the VSV
were introduced into fibroblast at the same time. Inhibition was only
described when the extract was introduced into the mouse fibroblast
culture before contact with the VSV, the cells became resistant to the
virus for 6 h. Thus, adaptogens may cause changes in the cell at mo-
lecular level and prepare cells to inactivate virus.

Some authors reported in vitro antiviral activity (human rhinovirus,
respiratory syncytial virus and influenza A virus) of the ethanol extract
from the roots of E. senticosus (Wacker and Eilmes, 1978). In addition to
this, clinical studies indicated that Eleutherococcus acts as an
anti-influenza agent when used prophylactically (Galanova, 1977).

The use of plant-based compounds is one of the most effective stra-
tegies to stimulate the human immunity. However, the large part of the
knowledge is taken from the ethnopharmacological use of the plant
material or galenic preparations without having a scientific background.
To create most similar conditions taking place in human body after virus
infection, here, we studied the influence of the intractum and eleu-
theroside B and E on the stimulation of human leukocyte resistance to
the VSV infection. Fig. 4 presents the VSV replication, whereas a VSV
replication titer > than 4 log TCIDso was considered a deficiency of
innate immunity, a titer of 2-3 log indicated partial resistance, and a
titer of 0-1 log indicated complete innate antiviral immunity. Interest-
ingly, using the VSV-PBLs as the model system we found that only the
intractum caused statistically significant resistance, classified to the
partial resistance, with a titer of 3 log. There was a significant correla-
tion between the VSV-PBLs-Int stimulation with a non-stimulated one
(r? = 0.693). This suggests that lower viral replication after the VSV-
PBLs-Int stimulation might be associated with an increased secretion
of IL-10, (Table 2). A positive coefficient of correlation 2 = 0.872)
indicates that the variables are directly related. This is in an agreement
with an earlier study on VSV replication in leukocytes sensitive to viral
infection. In this study the changes in the cytokine profile balance might
be connected with tumor necrosis factor-a (TNF-«), interleukin 10 (IL-
10) or interferon-y (IFN-y) production by VSV-infected leukocytes
(Tomezyk et al., 2018). It should be mentioned that infection with VSV
did not influence the viability of PBLs as it was shown before (Orze-
chowska et al., 2014). Other adaptogens can also influence the innate
immunity. For example the water extract from the Scutellariae radix, the
adaptogen raw material, stimulated resistance of human leukocytes to
VSV infection (Orzechowska et al., 2014). Similar observations have
been noticed in experimental influenza infections of the mice. No virus
particles were discovered in the lungs after the mice were administered
intranasally the ethanol root extract from E. senticosus and the virus
(Protasova et al., 1986).

Adaptogenic activity is linked with the presence of secondary me-
tabolites, very often characteristic only for a small group of plants.
Previous research demonstrated that the intractum contained 130 mg/g
DE of polyphenols (Zatuski et al., 2016). In case of Eleutherococcus the
main metabolites are eleutherosides, especially eleutheroside B (syrin-
gin 4-p-D-glucoside) and E ((—)-siringaresinol 4,4”-O-p-D-diglucoside),
(Zatuski et al., 2010). However, the HPLC-DAD analysis has revealed
unexpected results, because there was no eluetherosides in the
intractum both in the raw intractum and in the ethyl acetate layer. As
shown in Table 3, the ethyl acetate layer was found to be rich in caffeic
(1.29 mg/g DE) and protocatechuic acids (1.16 mg/g DE). In previous
studies using LC-ESI-MS/MS to analyze phenolic acids obtained after
acidic hydrolysis, Zatuski et al. (2016) revealed that the dichloro-
methane and ethyl acetate layers were rich in vanillic (16.0 and 21.1
mg/g DE, resp.) and 4-OH-benzoic (7.0 and 7.3 mg/g DE, resp.) acids.
The immunostimulatory capacity of caffeic acid has previously been
evaluated by Barros et al. (2020), Bufalo and Sforcin (2015), El-Seedi
et al. (2012), Kilani-Jaziri et al. (2016), Park et al. (2004).
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The other group of the examined metabolites were sugars. Amongst
33 of that group, only two were detected, myo-inositol and D-mannitol,
the sugars that occurred to be in a large amount, 267.5 and 492.5 mg/g
DE, resp. The content of myo-inositol in eight varieties of peeled apples,
ranged from 5.61 to 18.3% (Ker et al., 2010).

Myo-inositol is a sugar alcohol with an immunostimulatory activity.
Literature pointed out that myo-inositol in doses between 232.7 and
687.3 mg/kg diet may enhance the non-specific immune and specific
immune responses in fish (Jian carp, Cyprinus carpio var. Jian) measured
as the increase of the phagocytic activity of leucocytes, haemaggluti-
nation titre, lysozyme activity, anti-A. hydrophila antibody titre and
immunoglobulin M after infection with Aeromonas hydrophila (Jiang
etal., 2010). Similar results have been found by Wang et al. (2020), that
studied the influence of dietary myo-inositol on the skin mucosal im-
munity and growth of taimen (Hucho taimen), at the concentration
28.75-738.15 mg/kg diet. A regulatory activity on immune function has
also been confirmed in in vivo model with mice treated with 1,2-dimeth-
ylhydrazine (DMH), a colon carcinogen, which also reduces NK func-
tion. The NK activity was enhanced (Bizzarri et al., 2016).

Myo-inositol is generally recognized as safe by the FDA and 2 g myo-
inositol twice a day seems to be the good therapeutic approach to
improve metabolic alterations. In case of an immunostimulatory activity
the doses below 1 g seems to be effective (Benelli et al., 2016; Formoso
etal., 2018). Comparing the quantity of myo-inositol in the intractum to
the doses required, we can suggest that 1.5 g of the intractum twice a day
should provide an enough quantity of myo-inositol to obtain the
immunostymulatory effect. It should be mentioned, this compound is
very well absorbed from the human gastrointestinal tract (99.8%) and is
also a constituent of the daily human diet e.g. the Americans’ diet
consists of approximately 900 mg of myo-inositol (Clements and Darnell,
1980).

5. Conclusion and future perspectives

To conclude, our study for the first time demonstrates that the
E. senticosus fruits which have been traditionally used in Russia as
medicine, are a novel source of yet unknown metabolites, with the
immunostimulatory activity proved in the VSV-PBLs model. The
confirmed activity justified the traditional use of the fruits for the
treatment of viral diseases and diseases characterized by a low level of
leukocytes. A possible adaptogenic mode of action might be ascribed to
the plant in agreement with Russian scientists who postulate that an
adaptogenic activity can be observed when there is a disturbance in the
body’s homeostasis. Restoring homeostasis is the holy grail of curing
patients. The role of adaptogens in early stage disturbances in homeo-
stasis is thus an important challenge for further research.

The over-exploitation, by harvesting in the wild, shows the need of
establishing the cultivation of important medicinal plants in Europe. We
perceive the potential of the fruits as a renewable adaptogen, and the
species possibly of interest for cultivation in Western Europe. However,
further studies, in in vivo model regarding a bioavailability and potential
toxicity, are needed to meet all the EU criteria about the plant-based
drugs and medicines used in traditional healing systems.
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Abstract: Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. is well-known for its adaptogenic
properties in traditional Eastern medicine. It has been categorized as an endangered species due
to the over-exploitation of the roots. As a result, alternatives must be found, including the usage
of renewable aerial parts such as fruits. The goal of this research was to determine the phenolic
compounds and the enzymatic, antioxidant, and cytotoxic activities of the intractum gained from
the E. senticosus fruits and the mixture of chloroform-methanol roats extract with naringenin (3:7:5).
The obtained results showed, that the intractum contained 1.02 mg/g ext. of polyphenols, 0.30 mg/g
ext. of flavonoids, and 0.19 mg/g ext. of phenolic acids. In turn, the mixture of chloroform-methanol
roots extract with naringenin (3:7:5) contained 159.27 mg/g ext. of polyphenols, 137.47 mg/g ext. of
flavonoids, and 79.99 mg/g ext. of phenolic acids. Regarding the anti-enzymatic assay, the ICz, values
for tyrosinase and hyaluronidase were equal to 586.83 and 217.44 [ug/mL] for the intractum, and
162.56 and 44.80 [ug/mL] for the mixture, respectively. Both preparations have possessed significant
antioxidant activity in the ABTS, DPPH, and ferrozine tests. No cytotoxic effect on the FaDu and
HEP G2 cancer cell lines was observed. Our findings support the traditional use of fruits and roots.
Moreover, the results indicate also that adaptogens are rather nontoxic for normal and cancer cells,
which corresponds with some hypotheses on adaptogens activity.

Keywords: Eleuth PP,
polyphenols

is; intractum; cytotoxicity; COVID-19; hyaluronidase; tyrosinase;

1. Introduction

The Araliaceae are a family of plants composed of approximately 1500 species of
43 genera. That family also contains the genus of Eleutherococcus Maxim. which includes
about 40 species present in the areas of Northern Russia, China, Japan, and Korea. One of
the most promising species is Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. which in
ancient times was commonly used in traditional medicine in northeastern Asia or eastern
Russia. It is known for its adaptogenic activity [1,2].

Traditional Chinese medicine has known and used this plant for more than 4000 years,
as a medicine to increase longevity. Europeans also knew the E. senticosus’s therapeutic
properties, the oldest sources tell that in the mid-nineteenth century, the plant had become
a subject of research by Russian scientists, with its peak in the 1970s, when it was used by
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USSR Olympians. It was reported, that in the 1970s Olympic Games, the Soviet contestants
used a drink called Baikal, which was made of E. senticosus roots, to improve their sporting
achievements. Later on, it gained more and more popularity over the years in central
Europe [3-6].

Nowadays, it has become popular in Europe and the USA as a supplement for weak-
nesses, impotence, or immunity, mainly used as a dietary supplement and nutria-pharm
product. Eleutherococcus senticosus turned out to be one of the ten most popular herbal
supplements used in the United States, occurring in the forms of capsules, powdered plant
material, or tea bags [7,8].

Over the years of its popularity, E. senticosus has been included in the group of
so-called true adaptogens. In this group, Eleutherococcus senticosus has also been classified—
Eleutherococci radix et.rhizoma. A majority of adaptogens are the roots usually of five-six
year-old plants, which means that the plants are harvested as a whole or the roots are cut off
and the plant needs a longer period for their regeneration. Therefore, it has been classified
as a protected plant in some countries, such as South Korea. It is caused by overexploitation
of the root material which has put the species in danger of extinction. For that reason, it is
needed to find alternatives, in particular, the use of renewable aerial parts, e.g., the fruits,
the aerial parts must be studied in detail to protect the species from overexploitation [9].

Eleutherococcus senticosus is rich in chemically different compounds, such as lignans,
saponins, flavonoids, phenolic acids, and essential oil. Their main metabolites are termed
the eleutherosides with eleutheroside B (syringin 4-B-D-glucoside) and eleutheroside E
((—)-siringaresinol 4,4"-O-B-D-diglucoside), as main compounds. Eleutherosides have
been found both in the underground and aerial parts of the plant. Furthermore, the fruits
are rich in polyphenols (38.5-41.1 mg/g ext.), flavonoids (13.4-14.4 mg/g ext.), minerals
(Mn 75.2-88.3, Fe 35.4-53.0, Zn 18.9-41.0, and Cu 3.34-13.0; mg/kg, respectively) [10-12].

The chemical diversity of plants is connected to their special biological properties. The
E. senticosus extracts, mainly made from the roots, for many years have been used globally
as an adaptogenic agent. Eleutheroside B and E were found to be responsible for the plant’s
adaptogenic abilities [13]. It is proved that both eleutherosides present protective effects
against nerve cell death, with a weak inhibitory effect on CYP2C9 and CYP2E1 but no effect
on CYP2D6 and CYP3A4 [8]. Eleutheroside B was found to have cardioprotective abilities
in rabbit heart models [14], while eleutheroside E is able to modulate the steroidogenesis,
arachidonic acid, glutathione, and tyrosine metabolism in Winstar rats’ models. In turn, the
fruits have been used in Russia as a food ingredient and a strengthening agent. However,
it should be noted that in small doses, the powder fruits or infusion of it, have a reviving
effect on the central nervous system, in higher dosages though, has a sedative effect [15].

Epidemiological studies carried out in the Soviet Union during the 1970s demonstrate
that E. senticosus may reduce human mortality during influenza epidemics and typical
complications of influenza infection, such as pneumonia, bronchitis, and otitis. Moreover,
the morbidity rate has also been reduced, especially among children treated with a liquid
extract for a month. Nowadays, the world is standing up to the coronavirus pandemic
and many researchers are looking for a cure for tackling that. Coronavirus disease 2019
(COVID-19) is a pandemic pneumonia produced by the coronavirus that causes severe acute
respiratory illness (SARS-CoV-2). The majority of severe COVID-19 patients experience
difficulty breathing, and chest pressure, and eventually develop acute respiratory distress
syndrome (ARDS), which has a high fatality rate. Infected lungs cause uncontrolled inflam-
mation, which leads to fluid leakage and extracellular matrix accumulation. Hyaluronan
(HA) is a component of the extracellular matrix (ECM) that has important physiologic and
pathological functions. It is likewise found largely in the respiratory airways and increases
in number during COVID-19 illness [16-18]. Nonetheless, there has been no obvious link
between COVID-19 pathophysiology and HA yet.. A promising source of compounds with
anti-COVID-19 activity might be plant-based compounds that act synergistically and are
incomparable to those of synthetic compounds. Thus far, none of the plant compounds
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have progressed to the clinical stage related to anti-COVID-19. Based on the available data,
long research stages are still required.

Despite a large number of studies on the potential uses of plant-derived immunostim-
ulators or adaptogens, few have progressed to the clinical stage. Considering E. senticosus
some clinical studies were performed by Soviet scientists in the 1970s and 1980s. On the
basis of our previous discoveries on the intractum from the E. senticosus fruits, we have
concluded its potential adaptogenic activity [19], with possible immunostimulant and
anti-inflammatory effects. It is also known that the compounds contained in the fruits
and roots of E. senticosus can regulate the activity of the enzymes, such as hyaluronidase
(Hyal) [20], which makes them potentially useful as preparations in COVID-19 treatment
with anti-inflammatory activity.

Regardless of this, there is a need to provide more information on whether it might
be demonstrating any activities at the biochemical and cellular levels. Therefore, the
question arises, whether preparations made of the fruits or roots of E. senticosus can affect
the course of the disease caused by SARS-CoV-2 virus infection and if its mechanism
is related to the inhibition of enzyme activity. To justify that thesis, the plant materials
were examined in a series of in vitro assays for phytochemicals and bioactivities related
to the analysis of phenolic compounds, antioxidant, enzymatic, and cytotoxic activity of
the intractum from E. senticosus fruits, and the mixture of the chloroform-ethanol root
extract with naringenin (3:7:5). Naringenin is a flavonoid with anti-inflammatory and
immunomodulatory activities.

In our work we have followed a new concept regarding plant extract, i.e., using
polar and non-polar compounds extracted from one plant material, which allowed for an
exhaustive use of the roots in terms of number and amount of extractables. The use of
polar and non-polar constituents as a mixture is also a novel approach to the development
of plant-based preparations. Polar and non-polar constituents with naringenin might act
synergistically and, we suppose that potentially could increase their activity. Moreover, the
plant material was harvested in Poland, which means that the species might possibly be
introduced to crops in Poland to reduce the risk of its extinction. The plants imported from
Russia or China and products made from them are very often of poor quality and do not
meet the European requirements, so that is why this plant should be studied so extensively.

2. Results and Discussion
2.1. Chemical Composition

For clarity, the samples in this work were marked as follows: the intractum from
the fruits as intractum; a combination of extracts from the roots (chloroform-methanol-
naringenin) in a proportion 3:7:5 as an extract.

It is known that plants produce dozens of compounds, which are responsible for the
plant’s pharmacological activity and are incomparable to those of synthetic compounds.
However, amongst a wide spectrum of phytochemicals present in one species, in many cases,
only a small group of them is responsible for the activity. One of the most widespread groups
of plant-based compounds is polyphenols. In the first phase of the research, we performed
studies to provide information about the content of phenolic and polyphenolic compounds in
the intractum and extract (Table 1). It appeared that the extract contains a higher amount of
TPC, TFC, and total phenolic acids when compared to the intractum. All these differences are
statistically significant with p < 0.001. The concertation of phenolic acids in the extract was
almost half of the total phenolic components’ concentration; whilst the concertation of the
flavonoids was almost equal to the concertation of total phenolic compounds.
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Table 1. Chemical composition of the E. senticosus intractum and the extract [mg/g ext. + SD].
Different superscript letters within the same row indicate statistically significant differences with
p < 0.001.

Intractum Extract
Total Phenolic Compounds 1.02 +£0.042 159.27 £ 273
Total Phenolic Acids 0.19 +0.052 79.99 +3.57b
Total Flavonoids Content 0.30 £ 0.072 13747 £5.23b

It has been reported that the concentration of polyphenols and flavonoids in the E.
senticosus fruits intractum was higher than that obtained in this study (130 and 92 mg/g
ext., respectively). In addition to this, the TPC in the 75% ethanolic extracts from the fresh
fruits of Eleutherococcus species growing in Poland, obtained using ultrasound-assisted
extraction was also higher (6.1-19.7 mg /g dry sample). Furthermore, the concentration of
TPC and TFC in the fruits did not alter during one-year storage in the ambient temperature.
Probably it results from a different region of the plants’ growth. These fruits were collected
in Bydgoszcz (N: 53°07/36.55" E: 18°01'51.64") compared to those earlier studied and
collected in Rogéw (51°49' N i 53 E); [21,22].

There are few data on the phenolic acid content of Eleutherococcus species growing
in Russia or Asia, as well as in their predicted environment. A good example of this is
provided by Jang et al. [21] who found that the Korean E. senticosus fruit ethanol extract
contained higher concentrations of polyphenols and flavonoids than that now estimated,
i.e., 33436 + 12.8 mg/g ext. of TPC and 198.25 + 23.5 mg/g ext. of TFC, respectively.
Shoheal et al. [22], studied the EtOH and aqueous extracts of the E. senticosus; the study
revealed the following concentration of flavonoids and polyphenols, 0.20%; 0.30%, and
0.30; 0.60%, respectively.

Regarding the roots, the high content of phenolic compounds obtained in this study
might result from the use of polar and non-polar solvents for extraction, which means that
aglycons can be present in the extract. Adamczyk et al. [23] investigated the contents of
flavonoids and polyphenols in the methanol root extract of E. senticosus and four other
Eleutherococcus species. The TPC ranged from 4.10 = 1.40 to 10.40 =4 1.30 and was expressed
as gallic acid equivalents (mg GAE/g); TFC varied from 1.80 % 0.02 to 6.50 + 1.10 and was
expressed as mg of quercetin equivalent (mg QEs/g). The obtained results in our study
present higher concentrations of TFC and TPC in the extract made of E. senticosus roots,
which may result from a combination of polar and non-polar extracts.

There are plenty of results on TPC and TFC in plants, therefore we decided to con-
trast the obtained data only with other adaptogenic plants. A very popular species is
Schisandra chinensis (Turcz.) Baill.,, the chemical composition of which was investigated
by Mocan et al. [24]. Their results showed that Schisandra chinensis leaves and fruits
were found to be a rich source of flavonoids, the ethanol leaves and fruits extracts pre-
sented sums of TPC-62.36 + 1.38 mg GAE/g plant material, the fruits-9.20 + 0.43 mg
GAE/g plant material. Significantly, the TFC in both leaves and fruit extracts were lower
-35.1 £ 1.23 mg rutin equivalents/g plant material and 7.65 & 0.95 mg RE/g plant material
resp. Jeong et al. [25] estimated that water fruit extract of the previously mentioned plant
presented a TPC of 17.72 4 0.39 mg GAE/g, and TFC of 33.43 + 0.24 mg QE/g ext. Cheng
et al. [26] researched the Schisandra chinensis pollen extract showing that it had high TPC
(53.74 £ 1.21 mg GAE/g) and TFC contents (38.29 £ 0.91 mg rutin/g).

Another adaptogenic plant-Scutellaria baicalensis Georgi was also used as an interesting
point to counter-argue our results. Vergun et al. [27] estimated the total polyphenol,
flavonoid, and phenolic acid content of S. baicalensis ethanol extracts, showing that leaves
extract contained the highest amounts of those compounds-96.76 + 2.18 mg GAE/g
ext., 72.66 + 2.69 mg QE/g ext. and 23.44 + 1.13 mg CAE/g ext., resp. In turn, Li
et al. [28] determined the phenolic content of the methanol S. baicalensis root extract, with
the result of 36.30 + 0.67 mg GAE/g ext. Chan et al. [29] reported that root extracts of S.
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baicalensis exhibited following TPC-water extract 3.85 & 0.07 mg GAE/g; ethanol extract
3.65 % (.07 mg GAE/g; ether extract 3.45 + 0.06 mg GAE/g).

As can be noticed, the concentrations of polyphenolic compounds vary from them-
selves and surely are dependent on the type of plant material (underground or aerial part),
the solvent used for extraction, extraction methods, and growth conditions. For this reason,
it is important to control each batch of the harvested plant material to ensure the quality of
the extract or plant-based preparations.

2.2. Antioxidant Activity

Antioxidants from plant sources are included in the human diet to protect the body at
the molecular level. Three methods were included in the experiments. Testing different
samples using different methods should show whether the antioxidative activity of plant
samples depends on their chemical profile and the interactions with the free radical. The
extracts” antioxidant capacities were measured and expressed as the ECsy value. The
different parts of the plant showed different antioxidant potency (Table 2).

Table 2. Antioxidant activity of the intractum and extract, ECsy value presented as [ug/mL]. * %
Chelating of iron was presented in %. Ascorbic acid was used as a reference substance. Different
superscript letters within the same row indicate statistically significant differences with p < 0.01.

Method Intractum Extract Ascorbic Acid
Ferrozine Assay * 1212 +1.862 2634 +1.14° 644 +0.02¢
ABTS 5522 +1.15°2 1810 £ 0.20® 227 £ 0.07 ¢
DPPH 25048 +19.99* 138.17 + 4.28° 2493 +0.28

The ferrozine-based iron assay was used to study the metal chelating activity in the
fruit and root preparations. The obtained results show that the extract is more abundant in
iron chelating than the intractum, as well as is more active in ABTS and DPPH tests, with a
statistical significance of p < 0.01.

There is little data about the metal chelating of E. senticosus. Zatuski et al. [30] report the
chelating properties of 75% ethanol extract from the spring leaves, fruits, and roots from E.
senticosus, proving metal chelating activity of the ethanol extracts from the roots and spring
leaves (0.50 £ 0.05 mg/mL). The authors confirmed their contribution in another study, in
which three Eleutherococcus species were examined, the outcomes revealed that extracts can
bind Fel* with ECs, from 0.20 to 0.60 mg/mL, with 0.3 mg/mL. for E. senticosus [31]. Itis in
line with our records, positively corresponding with chelating results of both the extract
and the intractum.

The literature provides some information about the antioxidative activity of other
Eleutherococcus species. The methanol extracts of 5 Eleutherococcus species (E. henryi, E.
sessiliflorus, E. senticosus, E. gracilistylus, E. divariactus) investigated by Adamczyk et al. [23]
have shown influential antioxidant activities. Examined extracts at a concentration of
0.80 mg/mL, expressed DPPH reduction in the range of 14.7 to 26.2%, with E. gracilistylus
as the most active species. In turn, Liu et al. [32] have investigated the potential of chemical
compounds possessed by E. senticosus, such as flavonoids, and phenolic acids, and corre-
lated it with its potential to reduce DPPH and ABTS, proving that high concentrations of
those components are positively correlated with high antioxidant activity. Those findings
stand in line with our currentand previous reports [19].

Schisandra chinensis (Turcz.) Baill. was analyzed to compare our results with this
adaptogenic plant. Mocan et al. [24] have also examined the antioxidant activities of this
plant. For the S. chinensis leaves extracts, the DPPH assay was 26.87 + 0.84 ug QE/mg
plant material, and the ABTS assay—45.97 + 0.31 ug Trolox equivalents (TE)/mg plant
material. In the case of S. chinensis fruit extracts, the results were 7.80 + 0.55 ug QE/mg
plant material and 15.95 + 0.68 ug TE/mg plant material, respectively. The results obtained
by Jeong et al. [25] showed that water extracts of S. chinensis fruits did also exhibit inhibition
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of DPPH, 26.37 + 2.42%, however, it did not show any ion-chelating activities. In turn,
Cheng et al. [26] reported the capacity of S. chinensis pollen extracts to chelate iron which
was equal to 23.24 + 0.79 mg Na,EDTA per gram extract.

To counter-argue with another plant, Vergun et al. [27] estimated an antioxidant ability
of S. baicalensis G. leaves, with results in the range of 7.63-8.83 mg Trolox equivalents
(TE)/g ext. Li et al. [28] determined the antioxidant capacity of whole plant methanol
extracts, with results of 184.34 + 4.50 umol Trolox/g ext. Li et al. provided a set of
results regarding an antioxidant activity of S. baicalensis extracts with ECsg at 70.81 and
35.34 pg/mL in DPPH and ABTS respectively. Chanaj-Kaczmarek et al. [33] investigated
the ion-chelating properties of S. baicalensis hydroalcoholic root extracts, with the ECsp
results of 8.54 £ 0.013 mg/mL. The obtained data suggest that the high antioxidant activity
of researched plants might be paired with their adaptogenic abilities.

2.3. Enzymatic Activity

All the results obtained are presented as a ICsg value (Table 3). Both the intractum and
extract showed inhibitory activity against tyrosinase (TYR) and hyaluronidase (Hyal). How-
ever, the extract presented, statistically significantly (p < 0.001), much lower concentrations
needed to inhibit both tyrosinase and hyaluronidase compared to the intractum.

Table 3. The anti-enzymatic activity of the intractum and extract. The results are presented as the
ICsp value [ug/mL]. * Kojic acid was used as a reference substance in tyrosinase assay, physostigmine
in acetylcholinesterase assay and aescin in hyaluronidase assay. Different superscript letters within
the same row indicate statistically significant differences with p < 0.001.

Enzyme Unit Activity (U/mL) Intractum Extract Reference Substance *
Tyrosinase (125) 586.83 +£2.36° 162.56 + 0.02° 4443 £023°¢
Acetylcholinesterase (0.4) N/A N/A 5.00 £ 0.11
Hyaluronidase (30) 21744 £1072° 4480 +3.11° 388.80 £ 345°

Inflammation is a natural process that is induced by a variety of stimuli, including
hyaluronidase or tyrosinase. Hyaluronidases are enzymes that break down hyaluronic acid.
Many researchers have established a link between the expression of Hyal and the increase
of inflammation and tumor growth. It was discovered that its activity is increasing in a
variety of cancer diseases. Therefore, the identification and classification of Hyal inhibitors
might be beneficial in the development of anti-inflammatory drugs. The intractum or
extract have already been shown to have anti-enzymatic action.

Intractum inhibited hyaluronidase by 50% at a concentration of 217.44 4+ 10.72 [ug/mL],
while tyrosinase was inhibited at the same level at a concentration of 586.83 + 2.36 [ug/mL].
Simultaneously, the extract inhibited hyaluronidase and tyrosinase by 50% at a concentra-
tion of 44.80 + 3.11 and 162.56 + 0.02 [ug/mL], respectively. Compared to the reference
substances, the research shows that both samples are greater at inhibiting Hyal than the
standard substance aescin, the extract showed the strongest inhibition. These differences
are statistically significant with p < 0.001. This means it could have potential use as a
healing substance.

Unfortunately, the research literature on the anti-enzymatic activity of Eleutherococcus is
rare, and it is hard to make a comparison. There are just a few reports on that provided by
Adamczyk or Kuzniewski. Adamczyk et al. [23] investigated the antiacetylcholinesterase and
antihyaluronidase activities of E. senticosus root extracts, at the concentration of 100 ug/0.16 mL,
obtaining the results of 26.10 + 0.5% inhibition and 10.40 =+ 0.60% inhibition, respectively.
Kuzniewski et al. [34] found that 75% ethanol extracts from the fall and early spring leaves of
E. senticosus inhibited Hyal at 74.3 and 33%, respectively, at a concentration of 22 ug/0.16 mL
of the reaction mixture. The increased inhibition of autumn leaves extracts may be due to the
presence of more polyphenolic substances like tannins.
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Liyanaarachchi et al. [35] studied the potential of the 15 ethanol extracts to inhibit
hyaluronidase and tyrosinase. Only eight extracts were found to show such an action in the
range of 34.8 to 95 percent inhibition. Curcuma aromatica rhizoma was the most effective-
95.0% inhibition of hyaluronidase at 500 ug/mL; Artocarpus altilis and Artocarpus nobilis bark
extracts inhibited tyrosinase (ICsq 27.47 £ 0.45 ug/mlL, 53.23 + 2.65 ug/mL, respectively)
and hyaluronidase (68.59%, 44.78% inhibition at 500 ug/mL, respectively). Neimkhum
et al. [36] report that the ethanolic Carissa carandas extracts from different parts showed a
high hyaluronidase inhibition, leaves 97.8 + 1.6%, and fruit 83.9 + 2.2%, respectively. In
turn, the ethyl acetate extracts from C. carandas Linn. have great anti-tyrosinase potential,
fruit and leaves extracts inhibited the enzymein 47.3 + 4.2% and 47.7 + 7.1%, resp.

The anti-hyaluronidase activity of aqueous extracts from 12 plant species was studied
by Piwowarski [37]. Amongst them, Lythrum salicaria L. inhibited the strongest Hyal
(64.9%), while Geum urbanum L., Rubus ideus L., and Quercus robur L. had lesser inhibition
(25.6%; 21.2%; 20.2%, respectively). According to [38], the methanol extract from the bark
of Schotia brachypetala inhibits Hyal at 75.1%, while the methanol extract from the leaves
of Psychotria capensis inhibits Hyal at 52.9%. It is noteworthy that some of the aqueous
leaf extracts of common medicinal and culinary plants have been found to be effective,
Rosmarinus officinalis L., Origanum majorana L., and Ocimum basilicum L. have inhibited
hyaluronidase at the level of 100, 89 and 78%, respectively [39].

To compare our findings with another adaptogenic plant, we looked for data about S.
chinensis (Turcz.) Baill. Mocan et al. [40] examined the anti-tyrosinase effect of leaves and
fruits methanol extracts (15.53 and 10.24 mg kojic acid equivalents (KAE)/g extract). In turn,
Choi et al. [41] discovered that ethyl acetate extracts of S. chinensis fruits were able to inhibit
hyaluronidase (100 U/mL) with the ICs; of 2.50 mg/mL. Cha [42] conducted a study, where
high anti-enzymatic abilities of methanol S. chinensis extracts were confirmed, tyrosinase
(220 U/mL) was inhibited by 75.1%, and hyaluronidase (7900 U/mL) was inhibited at 3.2%.

Scutellaria baicalensis Georgi is another interesting adaptogenic plant. Chanaj-Kaczmarek
et al. [33] investigated the hyaluronidase-inhibition properties of its hydroalcoholic radix
extracts, with the ICsp value of 2.00 £ 0.06 mg/mL. Hong et al. [43] discovered that the S.
baicalensis extracts contain compounds inhibiting tyrosinase (using B16F1-cell assays and
tyrosinase activity assays).

There are a lot of results regarding the anti-enzymatic activity of plant-based extracts or
metabolites. However, there are also some limitations when it comes to the comparison of
the results. It results from the different enzyme activity units used in different experiments
and types of extracts. In many cases, the data on plant growth conditions and the method
of drying are not provided. Another obstacle is a lack of an appropriate control, in the case
of hyaluronidase aescin is recommended, while for tyrosinase kojic acid. We incorporated
the enzyme activity unit in the text where it was provided.

2.4. Cytotoxicity

In this study, we have postulated that the intractum and extract may play a physiolog-
ical role in inhibiting some cancer cell lines. However, the Russian scientific reports have
revealed that adaptogens should not act as a cytotoxic agent toward cancers but should
stimulate non-specific body resistance, as an adaptogenic stimulant. This theory was based
on the knowledge considering the medicinal usage of the E. senticosus fruits by the Russians
living in Siberia or for the Russian Olympians, as to increase their immunity and physical
performance. When it comes to cancers, no direct action on cells should take place but only
stimulation of the immune system to destroy cancer cells. To confirm that, we have chosen
as an example, two cancer cell lines, FaDu and HepG2.

FaDu is a cell line with epithelial morphology that was recognized from a punch
biopsy of a hypopharyngeal tumor patient with squamous cell carcinoma. This cell line is
suitable for cancer and immuno-oncology research. HEPG2 (HepG2) cells are human liver
cancer cell lines. Because of high cell specialization (both functional and morphological),
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the HepG2 and FaDu cells are a suitable model to study cytotoxic activities of xenobiotics
in vitro and are appropriate to examine the toxicity [44—46].

As shown in Figure 1, both cell lines’ viability after being treated with the intractum
and the extract, not only reveals the lack of lowering the cell lines’ viabilities, but also a
slight increase (Figure 1A,B). The plant and its products should not cause any cytotoxic
effect in the living cells in vitro or in vivo.
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Figure 1. The cytotoxic activity of the samples towards FaDu and HepG2 cell lines. (A) cell viabilities

with the intractum; (B) cell viabilities with the extract. Extract concentration 1, 5, 10, 25, 50, 75,
100 pg/mL.

The cytotoxic assay has shown that both examined samples did not affect cancer cell
lines to decrease its viabilities. It is in accordance with the knowledge, that adaptogenic
plants and preparations cannot be harmful to living organisms, even cancer cells. It should
not cause any toxic effects in the recommended doses, and that regards both healthy and
cancer cells. In the case of cancer cells, in the 1960s and 1970s, it was postulated that
E. senticosus should not directly inhibit cancer cells” growth, but induce and stimulate
the immune system to destroy cancer cells. This is in consent with the latest findings by
Graczyk etal. [19], who found that E. senticosus fruit intractum is non-toxic toward A549
cancer cell lines at a concentration of up to 300 ug/mL. These findings stay in line with
our current findings, pointing out that in the case of cancer diseases their administration
should be careful and cautious.

Some authors reported cytotoxic activity of the adaptogens toward cell lines [47,48].
It has been reported that the silver nanoparticles of the Eleutherococcus senticosus dried
stem parts demonstrated substantial cytotoxic and apoptotic effects on A549 lung cancer
cells and HT29 colon cancer cells at a concentration of 10 pg/mL. These findings imply
that the anticancer potential of Sg-AgNPs is linked to the stimulation of apoptosis via the
Caspase-3/p38 MAPK pathway through the creation of ROS [49].
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Zatuski et al. [50] gave a report about the cytotoxic properties of the E. senticosus
intractum on five leukemic cell lines, HL-60, HL-60/MX1, HL-60/ MX2, CEM/C]1, and
CCRF/CEM, informing that the IC5) value was in a range of 10.40-50 pg/mL. The author
also contributed research, informing about the cytotoxic properties of different E. senticosus
parts’ extracts the ICsp values for HL-60 were determined using ethanol extracts from roots,
spring and fall leaves at concentrations of 208, 312, and 299 ug/mL [51]. That is further
evidence that adaptogens are rather weak anticancer agents and do not directly inhibit the
cells” growth.

To compare, another study of an alternative adaptogenic plant-Schisandra chinensis
proved that the lignans present in fruits present anti-cancer effects by inducing G0/G1
cell cycle arrest in A2780, ovarian cancer cells and decreasing the pro-tumoral pheno-
type of tumor-associated macrophages (TAMs). The study showed that the ICs; value of
27.81 uM for deoxyschizandrin, the main lignan present in Schisandra berries, inhibited
cell growth [52]. Another result, delivered by Chung et al. [53] tells that ethanol berry
extracts of 5. chinensis in the concertation up to 400 pg/mL, did not exhibit any effect on cell
viability of the HepG2 cancer cell lines. That news was also confirmed by Sung et al. [54].

Scutellaria baicalensis is another adaptogenic herb that was also brought up as a counter-
argument to our disclosures. Cho et al. [55] estimated with the MTT assay that methanolic
extracts exhibited significantly low cytotoxicity at 100 pg/mL and 10 pug/mL on B16
melanoma cells. Ye et al. [56] provided the data that S. baicalensis is able to inhibit hep-
atocellular carcinoma cell growth in vitro. However, that plant extract exhibited a weak
decrease in the cell viability of the HepG2 cells with ICsq of 360 pg/mL. Previous reports of
this author can also confirm the weak Scutellaria baicalensis anticancer abilities-plant water
extract proved an inhibition of growth in various cancer cell lines (HepG2, MCF-7, PC-3,
LNCaP, KM-12, HCT-15, KB and SCC-25) with the ICs; of 1.1, 0.90, 0.52, 0.82,1.1, 1.5, 1.0,
1.2 mg/mL, respectively [57].

Very high concentrations were needed, regardless of whether normal or cancer cells
were used, so it is in agreement with the role of an adaptogen, which is thought to be a
rather nontoxic substance for normal cell lines and according to some hypotheses, for cancer
cells as well [58,59]. Moreover, it is significant thatadaptogenic drugs should increase the
general immunity of the living organism. Our previous reports show that the intractum
promoted peripheral blood leukocytes (PBLs) to increase their proliferation. The increase
in the number of leukocytes is in a line with our hypothesis on the adaptogenic activity of
the fruits and their preparations [19].

3. Materials and Methods
3.1. Chemicals and Reagents

The standards of quercetin > 95.0%, aescin => 95.0%, donepezil > 98.0%, kojic acid > 97.0%,
ascorbic acid > 99.0%, gallic acid > 97.5%, caffeic acid > 98.0%, were obtained from Merck
(Darmstadt, Germany). The sodium carbonate > 99.0%, potassium acetate > 99.0%, were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). The sodium molybdate, sodium nitrate, ethyl
acetate, hydrochloric acid, sodium hydroxide, aluminum chloride, ferrous chloride, potassium
peroxodisulfate were purchased from POCH (Gliwice, Poland).

Methanol (MeOH), ethanol (EtOH) was purchased from ].T. Baker (Phillipsburg, NJ,
USA). Ultrapure water was prepared using a Millipore Direct-Q3 purification system
(Bedford, MA, USA).

1,1-diphenyl-2-picryl-hydrazyl (DPPH), DMSO, 2,2'-azino-di-(3-ethylbenzthiazoline sul-
fonic acid) (ABTS), 3-(2-Pyridyl)-5,6-diphenyl-1 ,2,4—-t:riazine~p,p’ -disulfonic acid monosodium
salt hydrate (FerroZine Iron Reagent), bovine albumin, hyaluronidase (Hyal) from bovine
testes type I-S, hyaluronic acid, cetyltrimethylammonium bromide (CTAB), 5,5'-dithiobis(2-
nitrobenzoic acid (DTNB), acetylcholinesterase (AChE), acetylthiocholine iodide (ACTI), tyrosi-
nase, [-tyrosine, acetate buffer pH 5.35, sodium phosphate buffer pH 7.0, phosphoric buffer pH
6.8, phosphoric buffer pH 7.5 were obtained from Sigma-Aldrich.
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FaDu and HepG2 cell lines were obtained from American Type Culture Collection
(Manassas, VA, USA), cultured with EMEM (Sigma Aldrich, Saint Louis, MO, USA) supple-
mented with 10% fetal bovine serum (Sigma Aldrich, Saint Louis, MO, USA), 100 U/mL
of penicillin and 100 mg/mL of streptomycin (PenStrep, Sigma Aldrich, Saint Louis, MO,
USA). All other reagents were of analytical grade or higher.

3.2. Plant Material and Preparation of the Extracts

The matured fruits and roots of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim.
were collected at the Garden of Medicinal and Cosmetic Plants in Bydgoszcz (Poland)
in September 2020 (N: 53°07'36.55” E: 18°01'51.64”). The plant sample was deposited
at the Department of Pharmaceutical Botany and Pharmacognosy, Collegium Medicum,
Bydgoszcz, Poland. The roots after drying were stored under domestic conditions (room
temperature, paper bag, dark place).

I: The intractum was prepared according to the method previously described by
Graczyk el. al (20). Plant materials’ identity was evaluated morphologically and by HPLC-
DAD and HPLC-RID analysis, in comparison with reference data. The fresh fruits (20 g)
were macerated in 100 mL 40% ethanol for 30 days under domestic conditions (ambient
temperature, sunless place). After that, the extract was filtered through Whatman no. 4
filter paper. The solvent was dried with an evaporator under vacuum conditions at 45 °C,
next frozen at —20 °C and subjected to lyophilization. The dried residue was stored in an
exicator at 4 °C. Sample, for the further analysis, was marked as intractum.

II: The mixture of the chloroform-ethanol extract with naringenin (3:7:5); (combination
of lipophilic and hydrophilic active compounds and naringenin). The air-dried roots (5 g
each) were soaked in 50 mL 75% methanol for 24 h. Next, the samples were subjected to
triple UAE type extraction (ultrasonic bath, Polsonic, Warsaw, Poland) using 1 x 50 mL
and 2 x 25 mL of 75% ethanol. The extraction was performed at room temperature for
15 min for each cycle. Finally, 100 mL of each extract was obtained. The solvents were
dried with an evaporator under vacuum conditions at 45 °C, next frozen at —20 °C and
subjected to lyophilization. The dried residue was stored in an exicator at 4 °C. To obtain
the chloroform extract, the roots were extracted in the same way as an extraction with 75%
methanol using chloroform. After that, the extracts were combined in a proportion 3:7:5
(chloroform-methanol-naringenin). Sample, for the further analysis, was marked as extract.

3.3. Chemical Composition Assays
3.3.1. Folin-Ciocalteu Method for Polyphenols (TPC)

The Folin—-Ciocalteu (F-C) reaction is an antioxidant assay, which measures the reduc-
tive capacity of an antioxidant, and is a spectrophotometric method based on the ability of
polyphenols to form colored reactions with the Folin-Ciocalteu reagent [60]. The absorbance
is proportional to the total content of phenolic compounds in the tested sample [61]. To
achieve optimal conditions for our study, the following parameters were used, 25 uL of the
extract was mixed with 25 pL of Folin-Ciocalteu reagent. The solution was kept at 25 °C
for 5-8 min before adjusting the volume to 200 uL with distilled water and adding 25 uL of
sodium carbonate solution. After 60 min, the absorbance was measured at a wavelength
of 750 nm with a spectrophotometer. Gallic acid was used as standard for the calibration
curve. Total phenolic content was determined with the calibration curve for gallic acid as
mg gallic acid equivalents per gram of extract (mg/g).

3.3.2. Total Flavonoids Content (TFC)

The amounts of total flavonoids were determined by Christ and Miiller’s aluminum
chloride method and measured by a colorimetric assay [62]. The original method was
adapted to our research with the following factors: 25 uL of examined samples were added
to 75 uL of ethanol. Then, 10 L of 1M potassium acetate was added. After 5 min, 10 uL of
10% aluminum chloride was added. Immediately, the mixture was diluted by the addition
of 130 uL distilled water and mixed thoroughly. The absorbance was determined at 510 nm
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versus a blank after incubating for 30 min in the darkness. Quercetin was used as standard
for the calibration curve. Total flavonoids content of the extract was expressed as mg
quercetin equivalents per gram of extract (mg/g).

3.3.3. Total Phenolic Acids Content (TPAC)

Determination of total phenolic acid content by the Arnov method, which is a spec-
trophotometric method utilizing Arnov’s reagent, described by Gwalik-Dziki [63]. The
method was adapted to our study with undermentioned parameters: 25 uL of the extracts
was mixed with 150 uL of water, 25 uL of hydrochloric acid (18 g/L), 25 uL of Arnov’s
reagent (10 g of sodium molybdate and 10 g of sodium nitrate dissolved in 100 mL of
methanol) and 25 uL of sodium hydroxide solution (40 g/L). Phenolic acid content was
calculated as caffeic acid percent measured at wavelength of 4950 nm.

3.4. Antioxidant Activity Assays
3.4.1. ABTS Assay

Numerous methods are used to evaluate antioxidant activities of natural compounds
in plant-based drugs with varying results. One of them used for determining the antiox-
idant activity of extracts is using bleu/green ABTS reagent. ABTS assay measures the
relative ability of antioxidants to degenerate the ABTS in aqueous phase, as compared with
standard [64,65]. Based on the original method, 10 1L of examined samples were incubated
for 30 min with 190 uL of ABTS solution in the darkness. Absorbance was measured at
wavelength of 734 nm. As the reference compound, ascorbic acid was used. The results
were estimated using the following equation:

Ablank — Asample

YoABTS = (
Aplank

) x 100% 1)
Apjank—absorbance on the blank
Asample—absorbance of the sample

3.4.2. DPPH Assay

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) is another method used to measure
the antioxidant capacity of examined samples. Its mechanism is based on losing the
absorption of violet DPPH solution to colorless in the presence of antioxidant molecules in
examined samples [64,66]. To optimize the original method for our research, the following
parameters were used: 10 pL of extracts combined with 280 uL of DPPH solution, added 10
uL of methanol, the absorbance was measured for 1 hat 515 nm. As the reference compound,
ascorbic acid was used. The results were calculated using the following equation:

(Acontrol = (Asample — Ablank )
DPPH = x 100% (2)

Aconml

A controi—absorbance DPPH
Asample—absorbance extract/standard
Apjank—absorbance MeOH

3.4.3. Ferrozine Assay

The iron colorimetric assay was performed to determine the chelating abilities of
the iron in diagnosed samples [67,68]. To optimize the method for our research, 75 uL of
examined plant extracts samples were incubated for 5 min at 25 °C with 15 uL of FeCly
solution, topped up to volume 200 uL of reaction mix with ethanol. After that, 15 uL of
ferrozine solution was added and incubated for 5 min and temperature 25 °C.
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As a result, the reduced ferrozine complex causes blue color. Sample iron percentage
of chelation is determined by comparing the 560 nm absorbance of sample wells to the
absorbance of ascorbic acid. The results were estimated using the following calculation:

Abhnk - Asarn le
YCHELATING EFFECT = (Tkp) x 100% 3)
an.

Aplank—absorbance on the blank
Asample—absorbance of the sample

3.5. Enzymatic Activity Assays
3.5.1. Tyrosinase Assay

In 96-well plates, tyrosinase inhibitor experiments were carried out using a modified
method given by Sigma-Aldrich (Saint Louis, MO, USA) [69]. Tyrosinase is the enzyme
that converts L-tyrosinase to L-DOPA and L-DOPA to DOPA-quinone, causing the solution
to become brown. 10 uL of sample (1 mg/mL), 140 uL of phosphoric buffer (pH = 6.8),
and 25 puL of an enzyme (125 U/mL in phosphoric buffer pH = 6.8) were combined and
incubated at room temperature for 10 min. A control lacking the inhibitor was also prepared
(Ac). Following incubation, 25 uL of L-tyrosine (0.3 mg/mL) was added to each well, and
the absorbance was measured at 510 nm (kinetic model, every 5 min). The graph’s linear
range was then divided into two time points (t1 and t2). All samples were tested three
times. The kojic acid (0.01 mg/mL) was used as a standard. The tyrosinase inhibition was
calculated using the following equation:

AA:— AA.
YOINHIBITION = ZKC ® x 100% (€]

Ac—the difference in absorbance between time T2 and T1 for positive control
Ag—the difference in absorbance between time T2 and T1 for sample

3.5.2. Hyaluronidase Assay

The hyaluronidase inhibitor screening assay (Sigma Aldrich, Saint Louis, MO, USA)
is a two-step turbidimetric reaction, measuring the amount of hyaluronic acid that is
hydrolyzed by the enzyme. The decrease in turbidity is proportional to the enzymatic
activity in the sample [70].

The assay was performed, accordingly to the method, in 96-well plates, by precipitating
non-hydrolyzed hyaluronic acid (HA) with cetyltrimethylammonium bromide (CTAB), the
activity of the inhibitors was measured. 10 pL of sample (0.5 mg/mL), 15 uL of acetate buffer
(Ph =5.35), 25 uL of incubation buffer (pH = 5.35, 0.1 mg/mL BSA, 4.5 mg/mL NaCl), and
25 pl of enzyme (30 U/mL, incubation buffer) were mixed together. After a10-min incubation
at 37 °C, a hyaluronic acid solution of 25 uL (0.3 mg/mL in acetate buffer pH = 5.35) was
added. Plates were then incubated at 37 °C for 45 min. Non-hydrolyzed HA was precipitated
by adding 200 uL of 2.5% CTAB after incubation. For 10 min, the plates were maintained
at 25 °C. At 600 nm, the intensity of complex formation was measured. The absorbance of
solution without inhibitor (AC) and enzyme (AT) were tested to evaluate the existence of
inhibition. All samples were tested three times. As a reference, aescin (0.01 mg/mL) was used.
The inhibition of hyaluronidase was determined using the following equation:

Ac —
JoINHIBITION = A':;-ﬁcc x 100% (5)

Ag—absorbance of the HA + sample + enzyme
Ac—absorbance of the HA + enzyme
Ar—absorbance of the HA + sample
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3.5.3. Acetylcholinesterase Assay

Acetylcholinesterase (AChE) catalyzes the hydrolysis of the acetylcholine into choline
and acetic acid, the inhibitor screening kit (Sigma Aldrich, Saint Louis, MO, USA) method,
which is produced by the action of AChE choline presents a yellow color with 5,5'-dithiobis
(2-nitrobenzoic acid) (DTNB), was used. The intensity of the product color is proportional
to the enzyme activity in the investigated samples [71]. The assay was performed with
96-well plate, with spectrophotometric multiwell plate reader. 45 uL of enzyme (0.4 U/mL,
pH =7.5 phosphoric buffer) and 5 uL of sample (0.1 mg/mL) were combined and incubated
at room temperature for 15 min. After incubation, 150 uL of solution (154 uL of buffer,
1 uL of substrate, and 0.5 uL of DNTB) were added, and absorbance was measured at
two points, t0 and t10, at 405 nm. All samples were tested three times. As a standard,
physostigmine (0.05 mg/mL) was used. The following equation was used to compute
tyrosinase inhibition: i

FPINHIBITION = x 100% ©)
Ag—absorbance of the acetylcholine + enzyme + sample
Ac—absorbance of the acetylcholine + enzyme

3.6. Cytotoxicity Screening Assay

FaDu and HepG2 cell lines were obtained from American Type Culture Collection
(Manassas, VA, USA) and cultured using EMEM (Sigma Aldrich, Saint Louis, MO, USA)
supplemented with 10% fetal bovine serum (Sigma Aldrich, Saint Louis, MO, USA),
100 U/mL of penicillin and 100 mg/mL of streptomycin (PenStrep, Sigma Aldrich, Saint
Louis, MO, USA). Cell lines were incubated at 37 °C in a humidified atmosphere of 5% CO,.
Cytotoxic effects of tested extracts and reference substances were examined using MTT as-
say (Sigma Aldrich, Saint Louis, MO, USA) [72] according to the manufacturer’s procedure.
Stock solutions of the tested compounds were prepared dissolving in a sterile DMSO. The
suspension of cells was prepared at a density of 1 x 10° cells/mL. Cells were incubated for
the next 24 h with different concentrations of the tested compounds (1-100 pg/mL). The
absorbance was measured at 570 nm using a microplate reader (Epoch, BioTek Instruments,
Santa Clara, CA, USA). Each experiment was repeated three times. Results are shown as %
of controls cells.

3.7. Statistical Analysis

The results were expressed as the mean + SEM of three independent experiments
performed at least in triplicate. The obtained data were subjected to statistical analysis using
Statistica 13.1 (StatSoft, Cracow, Poland). Statistical differences between content of phenolic
and polyphenolic compounds in the intractum and extract were estimated by Student’s
t-test. ANOVA test was performed to compare the antioxidant and anti-enzymatic activity
of the intractum, extract and reference substance. The Scheffe test was used as a post-hoc
analysis. All statistical tests were carried out at significance level of p = 0.05.

4. Conclusions

To summarize, our research shows for the first time that the E. senticosus fruits and
polar and non-polar roots extract, which have traditionally been used as medicine in Russia
and China, are a source of secondary plant metabolites, with an anti-hyaluronidase and
anti-tyrosinase activity.

The results obtained indicate also that adaptogens are rather nontoxic for normal
and cancer cells, which corresponds with some Soviet hypotheses on adaptogens activity.
However, those have yet to be explored by means of modern metabolomics techniques,
such as HPLC-MS or NMR. Simultaneously, it must be noticed that plant-based extracts
in some cases should not be administered without health testing. More studies in in vitro
and in vivo models evaluating a deep phytochemical analysis, bioavailability, toxicity, and
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also metabolomics-oriented investigations are required and will be included in our future
studies, therefore it could help further our understanding of those molecules.
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14. STRESZCZENIE

Stowa kluczowe: ELEUTHEROCOCCUS, ADAPTOGEN, IMMUNOSTYMULACIA, INTRAKT,
FITOCHEMIA

Wytwarzanie nowoczesnych lekdw pochodzenia naturalnego oparte jest w gtéwnej
mierze na wykorzystaniu ekstraktow roslinnych, ktérych jakos¢ zalezy od rodzaju uzytego
do ekstrakcji surowca, jego warunkéw i srodowiska uprawy, a takze warunkéw procesu
ekstrakcji. Zachowanie najwyzszych norm i standardéw produkcyjnych przektada sie na
uzyskanie wyciggdw o wysokiej zawartosci wtdrnych metabolitow, cechujacych sie
przewidywanym kierunkiem dziatania farmakologicznego. Badanie sktadu jakosciowego i
iloSciowego oraz aktywnosci biologicznej otrzymywanych ekstraktow sg wiec jednym z
kluczowych etapdéw produkcji wysokiej jakosci lekdow pochodzenia roslinnego.

W tym tez kontekscie zwrdécono uwage na obecnos¢ pierwotnych i wtérnych
metabolitéw obecnych w ekstraktach pozyskanych z owocoéw Eleutherococcus senticosus
(Rupr. et Maxim.) Maxim., a takze na ich aktywnos$¢ na poziomie farmakologicznym.
Istotnym problemem, ktory nalezy zaakcentowac, jest wykorzystywanie korzenia rosliny
jako tradycyjnego surowca, ktérego uzycie przektada sie na rosngcy wzrost zagrozenia
wyginieciem tego gatunku. Dlatego kluczowym aspektem rozwazan dotyczacych
leczniczych surowcow roslinnych, jest poszukiwanie takich, ktére nie oddziatywajg ujemnie
na populacje samej rosliny.

Gtéwnymi zatozeniami cyklu prac, ktéry zostat przedstawiony do ewaluacji w ramach
rozprawy doktorskiej, byta ocena cech farmakognostycznych owocéw E. senticosus, ich
sktadu chemicznego i aktywnosci farmakologicznej pod katem przydatnosci jako nowego
surowca adaptogennego. Nadrzedny cel badan w opisanych pracach stanowito znalezienie
odpowiedzi na pytanie, czy czesci nadziemne rosliny, takie jak owoce Eleutherococcus
senticosus, mogg by¢ stosowane zamiennie dla tradycyjnie wykorzystywanych korzeni, z
zachowaniem wtasciwosci surowca adaptogennego?

Cel ten zostat zrealizowany poprzez podzielenie badan na kilka gtéwnych etapdw, ktoére
obejmowaty ocene farmakognostyczng owocéw z wykorzystaniem mikroskopii optycznej,

analize fitochemiczng owocdw, a takze analize fitochemiczng intraktu, ktéry zostat z nich
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pozyskany. Wykorzystano do tego takie techniki jak HPLC-PDA, HPLC-RID. Przeprowadzono
takze oznaczenia catkowitej zawartosci flawonoidow, polifenoli czy kwaséw fenolowych, z
wykorzystaniem metod spektrofotometrycznych i kolorymetrycznych. Dalszy aspekt badan
obejmowat ocene farmakologiczng intraktu z owocéw pod katem dziatania
adaptogennego, podczas ktérej postuzono sie przede wszystkim metodami
spektrofotometrycznymi do oceny wtasciwosci antyoksydacyjnych i
przeciwenzymatycznych (ocena inhibicji hialuronidazy, tyrozynazy i
acetylocholinoesterazy). Wykorzystane zostaty takze testy kolorymetryczne MTT do oceny
aktywnosci wirusobodjczej, a takie do oceny zdolnosci do wzbudzenia proliferacji
leukocytéw krwi obwodowej przez intrakt. Ocena stezenia cytokin w komodrkach
leukocytéw krwi obwodowej stymulowanych intraktem zostata przeprowadzona z
wykorzystaniem techniki immunoenzymatycznej — test ELISA. Badania cytotoksycznosci,
opieraty sie przede wszystkim na analizach przezywalnosci 2 linii komdrkowych: FaDu i
HepG2 z wykorzystaniem testu MTT.

Na podstawie uzyskanych wynikow badan mozna stwierdzi¢, ze intrakt pozyskany z
owocow E. senticosus stanowi alternatywe dla zwyczajowo pozyskiwanych ekstraktéw z
korzenia tej rosliny (wskazania farmakopealne). Jego wykorzystanie moze przyczyni¢ sie
tym samym do bardziej zréwnowazonego, ekologicznego podejscia w pozyskiwaniu
surowca farmakopealnego, a takze do zachowania wystepowania tej cennej adaptogennej
rosliny w naturalnym srodowisku.

Uzyskane wyniki pozwolity takze na stwierdzenie, ze warunki klimatyczne, ktére panujg
na terenie naszego kraju, nie wptynety w sposdb ujemny na profil fitochemiczny oraz
fitofarmakologiczny Eleutherococcus senticosus, co wskazuje na pozytywng perspektywe
uprawy tej rosliny w Polsce. Ponadto uzycie owocow jako surowca leczniczego, przyczyni
sie do zwiekszenia masy surowca pozyskanego z jednego okazu (korzen ok. 1 kg, natomiast
owoce do 10 kg), przyczyniajac sie tym samym do bardziej zréwnowazonego, ekologicznego

podejscia w pozyskiwaniu ekstraktéw roslinnych.
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15. SUMMARY

Keywords: ELEUTHEROCOCCUS, ADAPTOGEN, IMMUNOSTIMULATION, INTRACT,
PHYTOCHEMISTRY

The production of modern medicines of natural origin is based mainly on the use of
plant extracts, the quality of which depends on the type of plant used for extraction, its
conditions and cultivation environment, as well as the conditions of the extraction process.
Maintaining the highest standards and production standards translates into obtaining
extracts with a high content of secondary plant metabolites, characterized by the expected
direction of pharmacological action. Testing the qualitative and quantitative composition
as well as the biological activity of the obtained extracts, and from them the final product,
are therefore one of the key stages in the production of high-quality medicines of plant
origin.

In this context, attention was paid to the presence of primary and secondary
metabolites present in extracts obtained from the fruits of Eleutherococcus senticosus
(Rupr. et Maxim.) Maxim., as well as their activity at the pharmacological level. An
important aspect that should be emphasized is the problem of using the plant root as a
traditional raw material, the use of which translates into a growing threat of extinction of
this species. Therefore, the key aspect of considerations regarding medicinal plant raw
materials is the search for those that do not negatively affect the population of the plant
itself.

The main assumptions of the cycle of works, which was submitted for evaluation as part
of the doctoral dissertation, was the assessment of the pharmacognostic features of E.
senticosus fruits, their chemical composition and pharmacological activity in terms of
suitability as a new adaptogenic raw material. The overriding goal of the research in the
described works was to find an answer to the question whether the above-ground parts of
the plant, such as E. senticosus fruits, can be used interchangeably for traditionally used
roots, while maintaining the properties of the adaptogenic raw material?

This goal was achieved by dividing the research into several main stages, which included

the pharmacognostic evaluation of fruits using optical microscopy, phytochemical analysis
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of E. senticosus fruits, as well as phytochemical analysis of the extract obtained from them.
Techniques such as HPLC-PDA, HPLC-RID were used for this. The total content of flavonoids,
polyphenols and phenolic acids was also determined using spectrophotometric and
colorimetric methods. A further aspect of the research included the pharmacological
evaluation of the fruit extract in terms of adaptogenic activity, during which
spectrophotometric methods were primarily used to assess the antioxidant and anti-
enzymatic properties (assessment of the inhibition of hyaluronidase, tyrosinase and
acetylcholinesterase enzymes). MTT colorimetric tests were also used to assess virucidal
activity, as well as to assess the intract’s ability to induce proliferation of peripheral blood
leukocytes. The evaluation of the concentration of cytokines in peripheral blood leukocytes
stimulated with the intract was carried out using the immunoenzymatic technique - ELISA
test. Cytotoxicity studies were based primarily on the survival analyzes of 2 cell lines: FaDu
and HepG2, using the MTT test.

Based on the research results, it can be concluded that the intract obtained from the
fruit of E. senticosus is an alternative to the commonly obtained extracts from the root of
this plant (pharmacopoeial indications). Its use can thus contribute to a more sustainable,
ecological approach in obtaining pharmacopoeial raw material, as well as to preserving the
presence of this valuable adaptogenic plant in the natural environment.

The obtained results also allowed to conclude that the climatic conditions prevailing in
our country did not have a negative impact on the phytochemical and
phytopharmacological profile of Eleutherococcus senticosus, which indicates a positive
perspective for the cultivation of this plant in Poland. In addition, the use of fruit as a
medicinal raw material will contribute to increasing the weight of the raw material
obtained from one specimen (root approx. 1 kg, while fruit up to 10 kg), thus contributing

to a more sustainable, ecological approach in obtaining plant extracts.
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Journal of Ethnopharmacology. 2021 Mar 25; 268:113636. doi: 10.1016/j.jep.2020.113636. PMID:
33271247.)

Oséwiadczam, ze moj udziat w wyze] wymienionej publikacji mial charakter konsultacji
merytorycznych, korekty manuskryptu i oceniam go na 5%.

S

2-2-2023, Leiden

data i podpis autora
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Professor Robert Verpoorte
Natural Products Laboratory,
Institute of Biology, Leiden University

CO-AUTHOR STATEMENT

Due to Filip Graczyk's application for the degree of Doctor of Pharmaceutical Sciences, I declare
that I am a co-author of a joint publication in the composition of the doctoral thesis:

The intractum from the Eleutherococcus senticosus fruits affects the innate immunity in human
leukocytes: From the ethnomedicinal use to contemporary evidence-based research.

(Graczyk F., Orzechowska B., Franz D., Strzemski M., Verpoorte R., Zaluski D.,
Journal of Ethnopharmacology. 2021 Mar 25; 268:113636. doi: 10.1016/j.jep.2020.113636. PMID:
33271247.)

I declare that my participation in the above-mentioned publication was in the form of substantive

assessments, correction of the manuscript and I rate it at 5%.
I a—

2-2-2023, Leiden

date and author's signature
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dr Dorota Gawenda-Kempczyriska

Katedra Botaniki Farmaceutycznej i Farmakognozji
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytetu Mikolaja Kopernika w Toruniu

OSWIADCZENIE WSPOLAUTORA

W zwiazku z ubieganiem si¢ mgr Filipa Graczyka o stopiefi doktora nauk farmaceutycznych,
o$wiadczam, ze jestem wspolautorem ponizszej publikacji wehodzacej w sklad pracy doktorskiej:

Phenolic profile, antioxidant, anti-enzymatic and cytotoxic activity of the fruits and roots
of Eleutherococcus senticosus (Rupr, et Maxim,) Maxim.

(Graczyk F., Gebalski )., Makuch-Kocka A., Gawenda-Kempczynska D, Ptaszyfiska A. A., Grzyb
S., Bogucka-Kocka A., Zaluski D., Molecules. 2022 Aug 30; 27(17):5579. doi:
10.3390/molecules27175579)

Os$wiadczam, ze méj wspotudziat w wyzej wymienionej publikacji zwigzany byt z przeprowadzeniem
analizy statystycznej i oceniam go na 5%.

S L ﬁ?fzfﬁ”_gfj i //
................... s s _
data i podpis autora




dr Weronika Kozlowska
Katedra Biologii i Biotechnologii Farmaceutycznej
Uniwersytet Medyczny im. Piastéw Slyskich we Wrockawin

OSWIADCZENIE WSPOLAUTORA
W zwigzku z ubicganiem si¢ myr Filipa Graczyka o stopien doktora nauk farmaceutycznych,
oswiadczam, ¢ jestemn wspohautorem ponizszej publikacii wehodzacej w skilad pracy doktorskiej:

Pharmacognostic evaluation and HPLC-PDA and HS-SPME/GC-MS metabolomic profiling
of Eleutherococcus senticosus fruits,

(Graczyh F., Strzemski M., Balcerek M., Kozlowska W.. Mazorek B, Karakula M., Sowa L, Plaszyfiska
A. A, Zatuski D, Molecules. 2021 Mar 31: 26(7):1969. doi: 10.339%0/molecules26071969. PMID:
33807364; PMCID: PMCR036712))

Oswiadczam, 2e moj udzial w wyzej wymienionej publikacji zwigzany byl analizg chromatograficang
zwigzkow lotaych, 2 integracis | wizualizacjy zebranych danych dodwiadczalnych i oceniam go na 5%,

03.02.2023,.. Herousta. KorforNla—

data i podpis autora
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dr n. farm. Anna Makuch-Kocka
Zaktad Farmakologii
Uniwersytet Medyczny w Lublinie

OSWIADCZENIE WSPOLAUTORA

W zwiazku z ubieganiem si¢ mgr Filipa Graczyka o stopien doktora nauk farmaceutycznych,
o$wiadczam, ze jestem wspotautorem ponizszej publikacji wchodzacej w sktad pracy doktorskiej:

Phenolic profile, antioxidant, anti-enzymatic and cytotoxic activity of the fruits and roots
of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim.

(Graczyk F., Gebalski J., Makuch-Kocka A., Gawenda-Kempczynska D, Ptaszynska A. A., Grzyb S.,
Bogucka-Kocka A., Zatuski D., Molecules. 2022 Aug 30; 27(17):5579. doi:
10.3390/molecules27175579)

Oswiadczam, ze moj udziat w wyzej wymienionej publikacji polegat na czg§ciowym przeprowadzeniu
analiz cytotoksycznych i oceniam go na 5%.

02.02.2023

data i podpis autora



dr Beata Orzechowska
Instytut Immunologii i Terapii Doswiadczalnej
im. Ludwika Hirszfelda Polskiej Akademii Nauk

OSWIADCZENIE AUTORA

W zwiazku z ubieganiem si¢ mgr Filipa Graczyka o stopien doktora nauk farmaceutycznych,
oswiadczam, Ze jestem wspélautorem ponizsze; publikacji wehodzacej w skiad pracy doktorskiej:

The intractum from the Eleutherococcus senticosus fruits affects the innate immunity in human
leukocytes: From the ethnomedicinal use to contemporary evidence-based research.

(Graczyk  F.. Orzechowska B. Franz D. Strzemski M., Verpoorte R., Zaluski D.
Journal of Ethnopharmacology. 2021 Mar 25: 268:113636. doi: 10.1016/j.jep.2020.113636. PMID:
33271247)

Oswiadczam, ze moj wspdtudzial w Przygotowaniu pracy polegat on na czesciowym przeprowadzeniu
badan cytologicznych i wirusologicznych i oceniam £0 na 30%.

data i podpis autora
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~dr Macicj Balcerek
* Katedra Botaniki Farmaceutycznej i Farmakognozji
~ Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytetu Mikolaja Kopernika w Toruniu

-

OSWIADCZENIE WSPOLAUTORA

W zwigzku z ubieganiem si¢ mgr Filipa Graczyka o stopien doktora nauk farmaceutycznych,
oswiadczam, 2¢ jestem wspdlautorem ponizszej publikacji wehodzacej w skiad pracy doktorskiej:

Pharmacognostic evaluation and HPLC-PDA snd HS-SPME/GC-MS metabolomic profiling
of Eleutherococcus senticosus fruits.

(Graczyk F., Swzemski M., Balcerek M., Koziowska W., Mazurek B., Karakula M., Sowa 1,

Praszynska A. A., Zaluski D., Molecules. 2021 Mar 31; 26(7):1969. doi: 10.3390/molecules26071969,
PMID: 33807364; PMCID: PMC8036712.)

Ofwiandezam, ze méj wspbludzial w wyzej wymienionej publikacii zwigzany byl z wizualizacjy

sebranych danych i oceniam go na §%.
data i podpis a
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dr n. chem, Sebastian Grzyb
Wyzsza Szkola Inzynierii | Zdrowia w Warszawie

OSWIADCZENIE WSPOLAUTORA

W zwigzku z ubicganiem si¢ mer Filipa Greczyka o stopicri doktora nauk farmaceutycznych,
ofwiadezam. Ze jestem wspblautorem panizszej publikacji wehodzaee) w skiad pracy doktorskiej:

Phenolic profile, antioxidant, anti-enzymatic and cytotoxic activity of the fruits and roofts
of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim.

{Graczyk F., Gebalski 1., Makuch-Kocka A, Gawenda-Kempezyiiska D. Puszyfiska A, A, Grzyb S.,
Bogucka-Kocka A Zatski D, Molecules. 2022 Aug 30;  27(17x:5579,  doi:
10.3390/molecules27175379)

Oéwiadezam. ze méj wspoludzial w wyzej wymienionej publikacji zwigzany byl z weryfikecjs
merytoryezny i korekty czgdel manuskryplu i oceniam go na 5%.

s A
LA Jher et C «/g

v
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mgr Dominika Franz
Instytut Immunologii i Terapii Doswiadczalnej
im. Ludwika Hirszfelda Polskiej Akademii Nauk

OSWIADCZENIE WSPOLAUTORA

W 2zwigzku z ubieganiem si¢ mgr Filipa Graczyka o stopien doktora nauk farmaceutycznych,
oswiadczam, Ze jestem wspolautorem ponizszej publikacji wehodzacej w sklad pracy doktorskiej:

The intractum from the Eleutherococcus senticosus fruits affects the innate im ity in h
leukocytes: From the ethnomedicinal use to contemporary evidence-based research.

(Graczyk F., Orzechowska B., Franz D., Strzemski M., Verpoorte R., Zaluski D.,
Journal of Ethnopharmacology. 2021 Mar 25; 268:113636. doi: 10.1016/j.jep.2020.113636. PMID:

33271247)

Moj udzial w przygotowaniu pracy polegal on na przeprowadzeniu badan wirusologicznych i oceniam
£o na 5%.

O3, Fntuap.......

data i podpis autora
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mgr Barbara Mazurck

Sie¢ Baduweza Lukasicwicz — Instytut Nowych Syntez Chemicznych
Al Tysigclecin Pafistwa Polskiego | 3a

24-110 Pulawy

OSWIADCZENIE WSPOLAUTORA

W zwigzku z ubieganiem sig mgr Filipa Graczyka o stopien doktora nank farmaceutycznych,
oswindezam, 2¢ jestem wspotautorem ponizszej publikacii wehodzgeej w sktad pracy doktorskici:

Pharmacognostic evaluation and HPLC-PDA and HS-SPME/GC-MS metabolomic profiling
of Eleutherococcus senticosus fruits.

(Graczyk F., Strzemski M., Balcerek M., Kozlowska W., Mazurek B., Karakula M., Sowa 1,
Praszynska A. A., Zatuski D., Molecules. 2021 Mar 31; 26{7):1969, doi: 10.3390/molecules26071969.
PMID: 33807364; PMCID: PMC8036712.)

Odwindezam, ze méj wspdtudziat w wy2ej wymienionej publikacji zwigzany byl z wspolinterpretaciq i
wizualizaciy zebranych danych doswiadczalnych i oceniam go na 5%.

B bbava Ma 2'.0"-:}(_

03.02.2023r. Barbara Mazurck
data i podpis autora
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mgr Jakub Gebalski

Katedra Botaniki Farmaceutycznej i Farmakognozji
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytetu Mikotaja Kopernika w Toruniu

OSWIADCZENIE WSPOLAUTORA

W zwiazku z ubieganiem si¢ mgr Filipa Graczyka o stopien doktora nauk farmaceutycznych,
oswiadczam, ze jestem wspotautorem ponizszej publikacji wchodzacej w sktad pracy doktorskiej:

Phenolic profile, antioxidant, anti-enzymatic and cytotoxic activity of the fruits and roots
of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim.

(Graczyk F., Gebalski J., Makuch-Kocka A., Gawenda-Kempczynska D, Ptaszynska A. A., Grzyb S.,
Bogucka-Kocka A., Zatuski D., Molecules. 2022 Aug 30; 27(17):5579. doi:
10.3390/molecules27175579)

Os$wiadczam, ze moj wspotudzial w wyzej wymienionej publikacji polegat na czgSciowym przegladzie
i korekcie manuskryptu i oceniam go na 5%.

08.02.23

data i podpis autora
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mgr Michal Karakula
Zaklad Chemii Analityczne]
Uniwersytet Medyczny W Lublime

OSWIADCZENIE WSPOLAUTORA

W zwiagzku z ubieganiem sig mgr Filipa Graczyka o stopich doktora nauk farmaceutycznych,
otwiadczam, Ze jestem wspolautorem ponizszc] publikacji wehodzgce) w skiad pracy doktorskie):

Pharmacognostic evaluation and HPLC-PDA and HS-SPME/GC-MS metabolomic profiling

of Eleutherococcus senticosus fruits.
(Graczyk F., Strzemski M., Balcerck M., Kozlowska W, Mazurck B., Karakula M., Sowa [,

Praszyfiska A. A, Zahski D., Molecules. 2021 Mar 31; 26(7): 1969. doi: 10.3390/molecules26071969.
PMID: 33807364; PMCID: PMCS8036712.)

Ofwiadczam, 2e moj udzial w wyZej wymicnionej publikacji zwiazany byl z integracyy i wizualizacjy
zebranveh danych i oceniam go na 5%.

..................................

data 1 podpis autora



17. ZGODA KOMISJI BIOETYCZNEJ

139

Uniwersytet Mikolaja Kopernika w Toruniu | :
Collegium Medicum im L. Rydygicra w Bydgonczg' ' {

KOMISJA BIOETYCZNA u ) ;;'

Ul. M. Sklodowskiej-Curic 9, 85-094 Bydgom:z. tel.(052) 585-35-63, tax.(052) 585-38-11

i k .6‘0[
KB 536/2017 " Bydiqswg, 13.06.2017r.

£

Dzialajge na podstawic art.29 Ustawy z dnia 5 grudnia 1996 roku o zawodzie 1 (DzU. 2 1997 ¢, Nr

28 por. 152 (wraz z pdiniejszymi zmianami), quma Ministra Zdrowia i Opoekx j 2 dnia 11 majn
1999 r, w spraivic szczegblowych zasad powolywania i finansowania oraz trybu i k§rms;a bioetycznych
(D2.U.Nr 47 poz.480) oraz Zarzadzeniem Nr 21 Rekiora UMK z dnia 4 marca 20001, Z pbZn. zm. w sprawie
powolania oraz zasad dzialania Komisji Bioetycznej Uniwersytetu Mikolaja Kopermkl ‘w Toruniu przy
Collegium Medicum im Ludwika Rydygiera w Bydgoszczy oraz zgodnic z zasadami mnn)?m wiCH - GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medic w Bydgoszay

| |'\ « "
(sklad podano w zalgczeniu), na posiedzeniu w dniu 13.06.2017r. priémal zowala wniosek,
kibry zlozyl kierownik badania: 4 L: | It 'i' i |

i WE el
dr n. med. Elzbicta Piskorska q ! o W ”
Katedra Patobiochemii i Chemii Klinicznej 12 g
Collegium Medicum w Bydgoszezy 1!
.\. \ } ,;\ 0

z zespolem w skladzie: i 3 ". ‘

- dr lnb n. med Dorota .Okzewslu-SIomm. dg.. hab’;

mgr Jan Mlcszkomlu. mgr Banlonuej qupgdz-ﬁslu ". _ ‘_ ‘
il e
] i s
wWplyw suplementacji mtaminowcj na przebieg snpnmaksy x ncgo wysilku
fizycznego oraz na zmiany wybnnych panmelréw laboratory]nycﬁ uf S
uprawiajgcych sport.” : { 1

w sprawie badania: i

w sprawic przeprowadzenin bada, w zakresic olquonym we wniosku pod wufm o ‘;

«  poinformowania uczestnikow badania w lyljﬁ rownie2 uczesinikow stangwintyt i grufe I
oraz 7akresic bedah | wzyskania od kazd . $wiadoime]
badaniu, zgodnie z obowinzujacymi przepi
nie wezedniej niz data uzyskania z Komisji Bi

* zapewnicnin, 2e osoby uczestniczgce woeks L
2olnierzami sluzby zasadniczej, nie sa po wionymi woln 4
sluzbowe), dydaktyerncj lub inncj % pmwo:::t:m nic: '

o UWAGA! Uczesinicy badania stanowsgey A\
pracownikow podlegajacych zakeznosei slu’blwej lub ‘iydnhycmej + bad .

» zachowania tajemnicy wszysikich donych, W tym ﬂunych asobowych fu e " o2
identyfikacje w ewentualnych publikacjach; i R

' ! 1

AT I
|1

mcnfoc badawezym nic

[ napg
rtmnmpdmcjmtm 9z ia badania, o |
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2 3
«  sugentjemy uzyskanie podpisu ucresinika badania ped informacjs © bl‘bﬂill.llh'lb

informnjlitwhdomcjuodymudzialwbdmiu na jednej kartce, . 1
Jednoczeénie informujemy, iz ,Zgoda na vdzial w badaniu” winna uwieroé nun.:. im.lsi ?ugfisko badancj
osoby; Nr historii choroby pacjenta (L ks.gl. Oddzialu/Poradni) oraz datg i podpis Mnej’gtbby .“n takze
klauzule, n uczestnik badania wyraza zgodg na przelwarzanic danych osobowych do(ya;c’yd\ ,‘ :qun tematy
badawczego, z wyjatkiem publikacji danych asobowych. ‘ J ‘I'

Kicrownik badania zobowiazany jest do przechowywanis wszystkich dokumuud}:n do(yc:z:}cyjp'll,!lamnu preee
okres dwudziestu lat, i { \l ‘i;‘

Zgoda obowiqzuje od daty posiedzenia (13.06.2017 r.) do fltoﬁcq;gogj‘ r.

et |3

osku = mvzglfdnlmlm preedsiawio
Wydana opinia dotyczy tylko rozpatrywonego wni tm przedsiawion
kasda miana | modyfikacia wymoga uzpskania odrghnef opini. ankodmvco |i_ 1 :'ny jest do
Informowania o wszelkich poprawkach, ktGre moglyby micé wplyw na opinig Kglmlol oiaz

zakonczeniu badania. i “g‘ : F
Od niniejszej uchwaly podmiot zamierzajqey przeprowadsic eksperyment mnyanym k?}mm 3 :::‘Iaz
opieki xdrowotngj, w kidrej eksperyment medyczny ma byé pncprmvad"ony,;. »ogq”z e 5; ._adWl s
Odwolawezej Komisji Bioetycznej priy Ministrze Zdrowia, 1a pdndbncnn;m f:ﬁ,]m kzqwfj s
Collegium Medicum im. L. Rydygiera w Bydgoszczy, w terminte 14 dni od daty otrzym ¥ /? " Uchwaly.

[ "

5&}.&
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Prof. dr hab. med; ml‘%u
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Olrzymuje: g 43
drn, med. El2bicta Piskorska i & "1,,7;
Katedea Patobiochemii | Chemii Kliniczne) \ “ﬂ‘: 5 lu
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4
Lista obecnosci

na posiedzeniu l;(omlsji Bioetyeznej

§
w dniu 13.06.2017 r.
5
|
Lp. . Imi¢ i nazwisko } Funkcja
§ I
1 Prof. dr hab. med. Karo! Sliwka i preewodniczacy
' N
! 2-¢a i
2. Prof. dr hab, Adam Bucifiski
i . | przewodniczgcego
| A
3. Prof, dr hab, med. Anna Bnlcu-chﬁ]
{ o4 - “n
4. | Prof. dr hab, _m,mmmcmm#m A \
" : ; ‘l.*, . |
¥ T e e
5. Prof. dr hab. med. Marek Grabiec 1 73 f
~ | M Glabve '1‘
5 ‘ [l 4
6. Prof. dr hab. med. Zbigniew Wiodarczyk | - .l
' / 3 |
f : e ) il
7. | Drhab. n, med. Katarzyna Pawlak-Osiiska, pn;". UMK o TR
| i i } 5
I | ¥ ¢
8 x:.am.wmmmnmmw«f;n 0o f ‘
il ‘
A i |
9, Dr n. med. Radoslawa s:m-xmln} gl EI AL )
i : S |
10. Dr hab. n med. Maria Kiopocka , | Ase
, { I (1R |
i I T
11 Mgr prawa Patrycja Brzezicka ( : 9 (Ar—
1 1 A
\ i R H
12. Mgr prawa Joanna Poletek-Zygas 4 ; ’ |
} : A '
13. Mgr piel. Hanna Ziemniarska I : : )
. A i owlel
| ' B . »
| LI
A
.
I\ é‘l U
| bl
! !Il |1 ,; [8
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 Collegium Medicum im L. Rydygiera w Bydgo ¢
\ KOMISJA BlOETYCZNA | g '
Ul M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 536/2017 ., Byd "o%“izs 092018 r.

Dﬂdqucupodmwbwl)mwyzdnhswl nmmouwodmumutm.u 21997 r. Nr
28 poz. 152 (wraz z pdiniejszymi zmianami), zarzadzenia Ministra Zdrowia i Opieki Spo!em; z dnia 11 maja
1999, wmmemm%w&mdmmhlﬁmmmnmmmukqmiw&mmmmz
U. Nr 47 poz.480) oraz Zarzadzeniem Nr 21 Rektora UMK z dnia 4 marca 2009 v, z péZn. zm.wspnwkpowolanu
oraz zasad dzialania Komisji Bioetycznej Uniwersytetu Mikolaja Kopemika w Toruniu przy Collegium Medicum
im Ludwika Rydygiera w Bydgoszczy oraz zgodnie z zasadami zawartymi w ICH - GCP "é?‘ '

\ l' i1
Komisja Bioetyczna przy UMK w ‘l‘ornnlu, Collegium Medicum w By gouay

(kiérej skiad podano w zalaczeniu) na posiedzeniu w dniu 25.09.2018 r. gzya i izowala prosbe
0 wyrazenie zgody na rozszerzenie tematu badawczego w zakresie:

1. Wigczenia dodatkowych analiz, na Ieukocyuch ludzkiej krwi o{;wodowe;.v jqcych na celu

okreélenie dzialania nmmunostymulujqcego i zwigkszenia odpornoéci wrodzone;, (stamn

- mmuno#etekcyjnyml (ELISA); poziom ] TL-2i IL-10, 4 4

- testem MTT; wplyw na proliferacj¢ leukocytéw (odpornosé wmdzonl),

ktérg zlozyla:

= .}&"x’::_
= \‘rc'

TR 'ﬂ-"":‘-’xv; 1

dr n. med. Elzbieta Piskorska
Katedra Patobiochemii i Chemii Klinicznej
Collegium Medicum w Bydgoszezy

w sprawic badania: i

g5
»~Wplyw, suplementacji wiuminowej na przebieg supnnalu'ymj n

fizycznego oraz na zmiany wybranych pnnmetréw Inbontoryjuych:’ﬁ

uprawiajjcych sport.” ' k

;i

Po zapoznaniu si¢ ze zlozonym dokun‘)enm i w wyniku przepmmd’m sdyskusjl oraz
glosowania jawnego Komisja przyj¢la do wnadociloécl podane informacje | wyraza,
pod warunkami okreslonymi w uchwale Korms;i podjetej w dniu 13, 0620\7 r onz !ewemualnych

aneksach do tej2ze uchwaty. i !m
Zgoda na kontynuowanie przedmiotowe badania obowigzuje do kodcqz 0r,

Otrzymuje:

dr n. med, Eltbieta Piskorska

Katedra Patobiochemii i Chemii Klinicznej
Collegium Medicum w Bydgoszezy ‘
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"W . f ) .' f] J-
Lista obecnosci i ‘ i
I ’ 3 Qi
3 na posiedzeniu Komisji Bioetycznej = /1| !
v deo b 4 . '4
w dniu'25.09.2018 r. |
[ | SiE .
Lp. lmielqnzwisko £ Funkcja ' 1_ ; oqus
I Prof. dr hab. med. Karol Sliwka Pruwodmcuc} % 1
|
Z-ca
2, Mgr prawa Joanna Poletek-Zygas {
I ¥ ALY przewodniczgcego
[
3. | Prof. dr hab. med. Micczystawa Czerwionka-Szaflarska 1 i
! A | M } ' :
" Prof. dr hab. med. Anns Balcar-Borof B W 7
s, Prof. dr hab. med. Marck Grabiec .’ R
706 b
6. Prof. dr hab. med. Zbigniew Wiodarczyk f W
! N i, ¥
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Uniwersytet Mikolaja Kopernika w Torun!ii' bty
Collegium Medicum im L. Rydygiera w Bydgot‘ic'zy ’
5 KOMISJA BIOETYCZNA
Ul M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz, tel.(052) 585-35-63.j fax.(052) 585-38-11

KB 536/2017 | Bydgoszez, 29.01.2019 .

Dzialajac na podstawie art.29 Ustawy z dnia 5 grudnia 1996 roku o zawodzie lekarza (Dz. U, z 1997 r. Nr
28 poz. 152 (wraz z pééniejszymi zmianami), zarzadzenia Ministra Zdrowia i Opicki Spolecznej z dnia 11 maja
1999 r. w sprawie szczegblowych zasad powolywania i finansowania oraz trybu dziatania k&nus.u bnoetycmyd: (D2
U. Nr 47 poz.480) oraz Zarzgdzeniem Nr 21 Rektora UMK z dnia 4 marca 2009 1. z pdZn. zm. w sprawie powolania
oraz zasad dzialania Komisji Biocetycznej Uniwersytetu Mikolaja Kopernika w Toruniu przy Collegium Medicum
im Ludwika Rydygiera w Bydgoszczy oraz zgodnie z zasadami zawartymi w ICH - GCP | |
| v

> SRR
Komisja Bioetyczna przy UMK w Toruniu, Collegium Medi}égm_vy Bydgoszezy

(ktérej skiad podano w zalaczeniu) na posiedzeniu w dniu 29.01.2019 r. ‘pr‘mnalizowﬂa prosbe
o wyrazenie zgody na: n
. rozszerzenie zespolu badawezego o lek. Mikolaja Pernaka omz Flllpa Graczyka

ktdrg zlozyla:

dr n. med. Elzbieta Piskorska
Katedra Patobiochemii i Chemii Klinicznej
Collegium Medicum w Bydgoszezy

w sprawie badania:

»Wplyw suplementacji witaminowej na przebieg snpr'a:htiin'y’inalnego wysilku
fizycznego oraz na zmiany wybranych parametréw hbontoryjnyfh u os6b regularnie
uprawiajjcych sport.” ’ il 51

Po zapoznaniu si¢ ze zlozonym dokumentem i w wyniku prchmkvadzonej dyskusji oraz
glosowania jawnego Komisja przyj¢la do wiadomosei podane informacje t wymza zgode na powyzsze
pod warunkami okreslonymi w uchwale Komisji podjgtej w dniu 13. 062017 roraz w ewentualnych
aneksach do tejze uchwaly, i

Zgoda na kontynuowanie przedmiotowego badania obowigzuje do kofica 2020r.
(it el
Prof. dr hab. med. K*@:l Siwka

Otrzymuje: it
dr n. med. Elzbicta Piskorska |

Katedra Patobiochemii i Chemii Klinicznej {l |
Collegivm Medicum w Bydgoszezy I
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Lista obecnosci
na posiedzeniv Komisji Bioetycznej
w dniu 29.01.2019 r,

Imig i nazwisko Funkcja
I Prof. dr hab. med. Karol $liwka Przewodnic2gcy
Mer prawa Joanna Poletek-2 i
wa Joanna - .
* " i praewodniczacego

Prof. dr hab. med, Mieczyslawa Czerwionka-Szaflarska

Prof_ de hab, med. Anna Balcar-Boros

s, Prof. dr hub. med. Murck Grabiec

6. Prof. dr hab. med, Zbigniew Wiodsrczyk

7. | Drhab. n. med, Katarzyna Pawlak-Osifiska, prof. UMK

8. Dr hab. n med. Maris Klopocka

9 Ks. dr hab, Wojciceh Szukalski, prof. UAM
10. Drn, mcd-. Radoskawa Staszuk-Kowalska
1, Mgr prawa Patrycja Brzezicka

&

i2, Mgr farm. Aleksandra Adamezyk
13.

Mgr Lidia Iwitiska-Tarczykowska

Lo




