Full text English translation of this article is available at the end of this document

Chem. Listy /75, 595-601 (2021)

Referat

0 ZAZRACNE MOCI ,,KORENE JELENA MARALA“*

MICHAL JURASEK?, LUBOMIiR OPLETAL",
JURAJ HARMATHA, KAREL SLAMA®
a PAVEL DRASAR?

“ Ustav chemie pFirodnich ldtek, Vysokd skola chemicko-
technologicka, Technickd 5, 166 28 Praha 6, ® Katedra
farmaceutické botaniky, Farmaceuticka fakulta v Hradci
Kradlové, Univerzita Karlova, Heyrovského 1203, 500 05
Hradec Kralové, ¢ Ustav organické chemie a biochemie
AV CR, Flemingovo 2, 166 10 Praha 6, Laborator fyzio-
logie hmyzu, Evropska 674, 160 00 Praha 6
drasarp@vscht.cz

Doslo 3.5.21, pfijato 15.5.21.

Klicova slova: marali koten, Lou Lu, parcha saflorovita,
orientalni medicina, lidové 1écitelstvi, latky zvySujici
proteosyntézu, 20-hydroxyekdyson

Obsah

1. Botanické zafazeni a pouziti v tradi¢ni mediciné
2. Parcha v dnesni farmakologii a fytoterapii

3. Obsahov¢ latky parchy

4. 20-Hydroxyekdyson

5. Biologické ucinky 20-hydroxyekdysonu

6. Poznamky na zavér

1. Botanické zai‘azeni a pouziti v tradi¢ni
mediciné

Jiz davni jihosibif$ti osadnici (stejné jako davni Ri-
mané, ktefi natirali lokomotivy suiikem') zjistili, Ze jeleni
maralové (Cervus elaphus sibiricus,
Caspian red deer, oneH-mapai) se po
dlouhé a vycerpavajici zim¢ obvykle
zivi a tim 1 posiluji vyhrabavanymi
kofeny viceleté rostliny podobné
bodlaku maralu ¢ili parchy safloro-
{ vité/saflorové (Rhaponticum cartha-
moides (Willd.) Iljin, nékdy téZ Leu-
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{zea carthamoides (Willd.) DC.,
4 ‘ | { Cnicus carthamoides Willd.,
b [TOYTA CCCPH*% Stemmacantha carthamoides

(Willd.) Dittr.), endemické na Sibifi,

Obr. Wikipedie nyni péstované na celém svéte,

a upeviji si tak své zdravi. Mezi Sibifany bylo dlouho
znamo, ze tato bylina ,,omlazuje” a pomaha udrzovat
,»well-being®. Orientalni medicina pouzivala kotfeny par-
chy jiz pred tisicovkami let k potlaceni tepla (podle tradic-
ni ¢inské mediciny (TCM)) a toxickych otokil, zanétu,
infekce, jako antivirdlni a antibakterialni prostredek; téz ke
zvySeni produkce moc¢i a matefského mléka. Byly také
pouzivany” pii onemocnéni ledvin a plic, hepatitidé nebo
tonsilitidé (angina)3. TCM tuto rostlinnou drogu zné jako
Lou Lu (/™ ¢i JsE, i kdyZz n&kdy jde o kofeny podob-
nych rostlin jako Echinops latifolius Tausch. ¢i Rhapon-
ticum uniflorum (L.) DC; taxonomie téchto rostlin neni
jednoducha*®). Encyklopedie TCM udava, Ze , &isti teplo®
a ,,odstrafuje toxicitu®; 1é¢i absces a odblokuje meridiany,
podporuje laktaci, uvoliiuje §lachy a odblokuje krevni fe-
Cisté. Dale je indikovan na bolest prsu a prsni absces
s bolestivym otokem, krticnatost a bolaky; galaktostazu
(zastavu tvorby mléka), bolesti zpiisobené vihkosti (dle TCM)
a kiece. Doporucuje nalev z 5-9 g. Nedoporucuje podavat
téhotnym Zenam.

2. Parcha v dneSni farmakologii a fytoterapii

Koncem léta a na podzim se zpracovavaji a susi hlav-
n¢ dratovité koteny (Leuzeae radix, Rhizoma cum radici-
bus Leuzeae, nékdy oznacované i jako Radix Rhapontici,
¢i ,,Uniflower Swisscentaury Root“). Tyto susené kotfeny
jsou v dal§im textu oznacovany jako parcha. Droga obsa-
huje ekdysteroidy, steroly a jejich estery, triterpeny, silici,
uhlovodiky, polyiny, tfisloviny, kumariny, flavonoidy
a seskviterpenové laktony, thiofeny, anthocyany, triacyl-
glyceroly, fenolové kyseliny, mastné kyseliny a N-feruloyl-
serotoniny®’.

Parcha je uvedena v ruském Iékopise od roku 1961
a pouziva se jako rostlinna droga v 1ékafstvi i v naSich
krajich®®. Vyznamnym zastincem jejiho pouzivani je
N. Timofeev'®. Uzivanou &asti je kofen, ale miZe se uZit
i list. Prokazuje tonizacni a imunostimulac¢ni ucinky po-
dobné zensenu. Povzbuzuje mentalni aktivitu, stimuluje
zivotni procesy, poméhd v adaptaci organismu na stres,
piiznivé ovlivituje innost srdce a cév'"'?. Popsano je zvy-
Seni proteosyntézy (né€kdy nazyvané jako ucinek anabolic-
ky)"*™'® aniz, na rozdil od androgennich steroidnich anabo-
lik, by vyzadoval spolu s administraci i fyzickou zatéz. Je
popsano odstranéni syndromu chronické Unavy, snizeni
unavy nervi a svali, zlepSeni procest vyuziti paméti
a zlepseni pozornosti'®, protizanétlivé pasobeni'’, pouziti
jako neurostimulatoru, afrodisiaka a obecné pfi psychické
a fyzické zatézi organismu. Pisobi velmi dobfe pfi astenii

*V ¢lanku je pro steroidy pouzito ,.ekdysteroidarské polotrivialni nazvoslovi
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a depresich, coz ji predurcuje k vyuziti v psychiatrické
a neurologické praxi. Byla také s tispéchem pouzita pfi
lécbe diabetu, pfedevsim leh¢ich forem. Podporuje travent
a odstrailuje nechutenstvi, uzivd se pifi rekonvalescenci
a bolestech hlavy. Mirn€ zvySuje krevni tlak, avSak nékte-
ré klinické pokusy ukazaly naopak antihypertenzni G€inky.
Dobrych vysledkd bylo dosazeno také pii 1é¢eni pacientil
s pohlavni impotenci. Snizuje hladinu cukru, tukt a cho-
lesterolu v krvi, ma ptiznivy vliv na ¢innost jater a také na
kardiovaskularni systém. Velmi zajimava je schopnost
usnadiiovat vybaveni dynamického stereotypu, urcitou
dobu necvic¢eného, zlepSeni uceni a paméti bez vedlejSich
ucinkd na organismus. Je pouZita i jako slozka smési pod-
porujicich muzské sexualni funkce'®, p¥ipadné pro zvyseni
libida kanci'. Nelze se divit, Ze v asech koronavirové
pandemie byl mj. zkouman i extrakt z parchy jako antivi-
rovy a imunomodulaéni prostiedek” k 1é¢eni osob
s infekci COVID-19. Prokdzdn byl i antimikrobidlni,
a antioxidaéni efekt oleje z kofenti parchy?.

Zajimavé vysledky” byly zaznamenany pouZitim
ethyl-acetatového extraktu parchy na nadorové linie dlaz-
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dicovych bunék jazyka (SCC-15). Podobné vysledky byly
popsany iulinie plicni rakoviny®” (Calu-1). Extrakt
z parchy u krys fungoval jako profylaktikum vzniku nado-
1 indukovanych radioaktivnim zafenim**.

Pro pouzivani parchy existuje né€kolik upozornéni.
Téhotné a kojici Zeny by se pro jistotu mély parchy vyva-
rovat (coz je v rozporu s TCM). Lidé alergicti na rostliny
z Celedi hvézdnicovitych by méli zvazit konsultaci se spe-
cialistou. Parcha mlze zpomalit srazeni krve, tudiz by
nerr;c?la byt pouzivana min. 2 tydny pfed planovanou ope-
raci”.

3. Obsahové latky parchy

Hlavni obsahové latky parchy jsou polyhydroxylova-
né steroly nazyvané ekdysteroidy (obr. 1). Zde bychom
radi upozornili na velmi dobfe udrZzovanou databazi Ecdy-
base®, ktera obsahuje vice nez 500 polozek jak fyto-
ekdysteroidii, tak zooekdysteroidii, z nichz né¢které jsou
hmyzi hormony svlékani a metamorfézy ¢lenovcil.
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20-hydroxyekdyson-2,3-monoacetonid

Obr. 1. Hlavni ekdysteroidy parchy (kromé 20-hydroxyekdysonu)

20-hydroxyekdyson-20,22-monoacetonid
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Ususené koteny parchy obsahuji kolem 16 % bilko-
vin, 2,5 % tukd, 16 % vlakniny a 11 % mineralnich latek.
Kofeny obsahuji, krom¢ ekdysteroidli, nepatrné mnozstvi
alkaloidd, az 0,9 % silice, 5-10 % tfislovin, 12—-13 % inu-
linu, déle pryskyfici, kumariny a flavonoidy. Nejvice latek
z rostliny se dostane do tinktury, kdy kofen je eluovan 50
az 60% ethanolem”’. Mezi hlavni fytoekdysteroidy z par-
chy patii 20-hydroxyekdyson, polypodin B, makisteron A,
ajugasteron C, 20-hydroxyekdyson-2,3-acetonid, 20-hydro-
xyekdyson-20,22-acetonid, 20-hydroxyekdyson-2,3;20,22-di-
acetonid, polypodin-B-20,22-acetonid a isovitexiron®**’.
Béhem pozd¢jsi doby pak byla izolovana a identifikovana
jesté¢ série dalSich minoritnich ekdysteroidii z kofent
L. carthamoides®®”'. Ecdybase udava razné obsahové
ekdysteroidy pro Rhaponticum carthamoides a pro Leuzea
carthamoides, nezbyva tedy uvést jejich pranik (jsou pone-
chany anglické nazvy, podle abecedy): (5a)-20-hydroxy-
ecdysone (epiecdysterone), 14-epi-ponasterone a 22-glu-

coside, 15-hydroxyponasterone A a C, 1B-hydroxy-
makisterone C, 20-hydroxyecdysone  2,3;20,22-di-
acetonide,  20-hydroxyecdysone  2,3-monoacetonide,

20-hydroxyecdysone 20,22-monoacetonide, 22-deoxy-28-
-hydroxymakisterone C, 22-0x0-20-hydroxyecdysone,
24(24"[Z]-dehydroamarasterone B, 24(24')-dehydro-24*-
-hydroxymakisterone C, 24(28)-dehydromakisterone A,
24-hydroxy-24,28-dihydrocarthamosterone, 26-hydroxy-
makisterone C, 3-epi-20-hydroxyecdysone, ajugasterone
C, carthamoleusterone, carthamosterone a A a B, dacryhai-
nansterone (5-deoxykaladasterone), inokosterone
20,22-acetonide, integristerone A, integristerone A
20,22-acetonide, isovitexirone, lesterone, leuzeasterone,
makisterone A a C (podecdysone A, lemmasterone), poly-
podine B, polypodine B 20,22-acetonide, polypodine B
22-benzoate, poststerone, rapisterone B a C a D, rapistero-
ne D 20-acetate, rubrosterone, taxisterone, turkesterone.

Podobné slozeni obsahovych latek, hlavné co se tyce
hlavnich ekdysteroidd, ma i fada ptibuznych rostlin, lze
i fici, ze schopnost produkovat ekdysteroidy je v rostlinné
tisi Siroka, nebot’ se soudi, ze funguji mj. jako protipoZero-
véa ochrana rostlin. V rostlindch a houbach péstovanych
pro potravinaiské ucely se obecné¢ mnoho ekdysteroidu
nenaléza s vyjimkou quinoy a Spenatu; zde je zfejmé ana-
bolicka aktivita 20-hydroxyekdysonu podstatou fyzické
zdatnosti bajného Pepka namotnika®?.

4. 20-Hydroxyekdyson

idem  je 20-hydroxyekdyson: (2B,3B,5B,22R)-
-2,3,14,20,22,25-hexahydroxycholest-7-en-6-on. V litera-
tufe muzeme latku najit i pod dal$imi nazvy: (+)-20-
-hydroxyecdysone, (+)-ecdysterone, commisterone, crus-
tecdysone, B-ecdysone, ecdysten, ecdysterone, ekdisten,
isoinokosterone, polypodine A, polypodine C, THE 7,
viticosterone, 20E, 20-OHE.

597

Referat

20-hydroxyekdyson

20-Hydroxyekdyson je diilezity steroidni hmyzi hor-
mon, ktery reguluje embryondlni vyvoj, lihnuti, meta-
morfézu a reprodukci ¢lenti kmene Arthropoda. Dobie
byla prostudovana jeho biochemie u hmyzu. Jeho prekur-
zor ekdyson je syntetizovan z cholesterolu v potravé
v prothorakalnich zlazach hmyzu, je vylu¢ovan do hemo-
lymfy a oxidovan na 20E v perifernich tkanich, jako jsou
tukové tkan&™. Halloween geny, které koduji monooxyge-
nasy cytochromu P450, jsou zapojeny do n€kolika kroki
biosyntézy. 20-Hydroxyekdyson aktivuje geny souvisejici
se svlékanim a metamorfézou prostfednictvim heterodime-
ru EcR/USP, ktery patii do nadrodiny jadernych receptori
(genomova akce). Také moduluje intracelularni signalizac¢-
ni kaskady prostfednictvim specifickych transmembrano-
vych span GPCR (negenomova akce). Mezi hlavni reakce
prispivajici k jeho deaktivaci (metabolismu) patfi epimeri-
zace, tvorba kyseliny ekdysonové, fosforylace, acylace
mastnymi kyselinami a glukosylace®.

Biosyntéza 20-hydroxyekdysonu zacina, napf. u octo-
milky obecné, u cholesterolu. Zpocatku je modifikovan
cholesterol ~ 7-desaturasou za  vzniku  7-dehydro-
cholesterolu. V endoplazmatickém retikulu je dale modifi-
kovan cytochromem p450 307al za vzniku diketolu. Dike-
tol muze také spontanné tvofit 3f,5B-ketodiol, ktery je
modifikovan v endoplazmatickém retikulu cytochromem
p450 306al za vzniku 3B,5B-ketotriolu. V mitochondriich
je potom 3B,5B-ketotriol modifikovan cytochromem p450
302al za vzniku 2-deoxyekdysonu a poté cytochromem
315al za vzniku ekdysonu, ktery je ekdyson 20-mono-
oxygenasou v mitochondriich oxidovan na
20-hydroxyekdyson™. V rostlindch (4juga) je biosyntéza
podobna®, ale misto 7-dehydrocholesterolu probihd pies
3B-hydroxy-5B-cholest-7-en-6-on.

Ziskavani 20-hydroxyekdysonu je odkazano na rost-
linnou ¥i3i*’. Jako jeho zdroj miiZze byt pouZito mnoho
druht rostlin (i semennych) véetnd hub®®, mechorosti
a kapradin®. Vyskytuje se i v fi§i Zivo&igné, napt. v bourci
morusovém, langusté Jasus lalandii a mnoha ¢Elenovcich
a bezobratlych, mékkysich, v parasitickych &ervech
a moiské sasance Zoanthus®. Nejvétsi obsah v rostlinné
droze (téméf 2 %) byl nalezen v opét bodlaku podobné
rostling Serratula coronata (hvézdnicovité)®. Nase parcha
obsahuje v nadzemnich ¢astech 0,02-0,4 % a v kofenech
0,04-0,24 % 20-hydroxyekdysonu.

I pfes 7 kyslikatych substituci na skeletu steroidu ma
20-hydroxyekdyson malou rozpustnost ve vodé (pouze
84 mg I™"). Rozpustnost se zvysi 105krat vytvorenim kom-
plexu s B-cyklodextrinem*'. Podstatné rozpustn&jsi je
v alkoholech (MeOH 75 g1, EtOH 5 g1 a 70% EtOH
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61 g1™), stejnd jako dalsi hydroxylované steroidy se roz-
pousti dobfe i ve smésich jako chloroform-MeOH (2:1,
32g1™), cit.*”. 20-Hydroxyekdyson je vyuzivan jako
emulgétor a povrchové aktivni latka®.

Cisty 20-hydroxyekdyson o Cistoté az 99 % se da
dnes v Ciné& koupit za rozumnou cenu. Jedna se o produkt
izolovany z riznych druh@ Cyanotis (Commelinaceae,
ktizatkovité). Na kvalitu je tfeba dat pozor a vyzadat si
pfed nakupem analyticka data.

7 7 we

5. Biologické ucinky 20-hydroxyekdysonu

Toxicita ekdysonu je velmi nizka LDso (my3) 6,4 g kg™
intraperitonealn&* a >9 g kg™ oraln&*, coz umoziuje jeho
Siroké pouzivani. Nékdy je téZ oznacovan za legalni do-
ping nejen vychodni Evropy*®*.

20-Hydroxyekdyson patfi mezi vyznamné adaptoge-
ny. Jeho podavani mize pomoci dosahnout nespecifického
stavu vysoké odolnosti organismu. Hypotetickym mecha-
nismem ucinku adaptogenil jsou prostressory, které snizuji
nadmérné zvySeni mediatorti stresu pii nasledujici expozi-
ci stresu'®.

Recentné byl publikovan obsahly piehled vyuziti
20-hydroxyekdysonu v humanni medicin&*®. Nékteré uéin-
ky jsou uvedeny i v tomto piehledu. 20-Hydroxyekdyson
byl pouzit pro vyvoj novych pristupii k 1écbé sarkopenie,
Duchennovy muskularni dystrofie a dalsich stavii ochabo-
vani svali®™®, ziejmé pro zvyseni syntézy bilkovin a rege-
neraci kosterniho svalstva™. Zlep3eni stavu svalstva mize
byt spojeno s Gcinkem na zvySeni produkce ATP ve sva-
lech®. V roce 2018 byl schvalen jako 16&ivy piipravek pro
vzacna onemocnéni podle natizeni Evropského parlamentu
a Rady (ES) & 141/2000 (cit.>®). Latka byla pouzita
v mnoha studiich k potlaceni disledkd estrogenni deficien-
ce”. Bylo publikovano pouziti 20-hydroxyekdysonu proti
filariim™. V letech 2019-2020 prob&hly té2 klinické testy
s cilem prozkoumat moZnost zlep$eni stavu prediabetiki™.
V roce 2021 byl zahajen klinicky test®® na zlepseni dycha-
cich funkci i u pacientt s COVID-19. Bylo popsano, Ze
zlepSuje metabolické a kardiovaskularni funkce u potkand
s ovariektomii na diet¢ svysokym obsahem tukd
a fruktosy’’, muize fungovat jako hepatoprotektivum’®
a imunoadjuvantni latka®. Byla zaznamenana i jeho akti-
vita proti viru dengue typ 2 (DENV-2)* a moznost pouziti
pii 1éCeni bobii horecky, giardiazy, infekce v tenkém stie-
v& zphsobend parazitem Giardia lamblia®, hymenole-
piasie zptisobené parazitem Hymenolepis®'. Studovan byl
ivliv na experimentalni arytmie, zmény hemodynamiky
a kontraktility myokardu produkovaného okluzi koronarni
arterie®”. Imunomodulaéni vlastnosti 20-hydroxyekdysonu
ani jeho bézné dostupnych derivati nebyly prokdzany na
jedné strand® a na druhé strané jinymi autory byly popsa-
ny*%. Bylo prokazano, e zlepSuje sexualni funkce
u muzi trpicich nizkym poétem spermii, Spatnou pohybli-
vosti spermii, erektilni dysfunkci nebo nizkym libidem pti
zotaveni z infarktu®. Popsano bylo pouziti ekdysteroidd
pro pripravu dermatologickych nebo kosmetickych pro-
stiedki proti vypadavani viasa® a k 16¢eni ran®®.
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Jiz od roku 1979 probiha intenzivni vyzkum ptisobeni
20-hydroxyekdysonu na nejrizn€js$i nadory. K nejzaji-
mavéj§im vysledklim patii vyzkum 20-hydroxyekdysonu
k potlageni rezistence nadort k protinddorovym lékiim®*"°,
coz bylo pozorovéno i u jeho syntetickych derivata’"’2.

Obecn¢ 1ze ekdysteroidy zatadit mezi ptirodni latky,
u kterych probiha intenzivni vyzkum moznosti 1é¢eni rako-
viny”™ a leukemie’; zajimavé je pouziti ekdysteroidd
kléeni tdchto chorob’’” spoleéné s bufadienolidy’®.
V roce 2019 byl 20-hydroxyekdyson popséan jako vitamin
DI (cit.”’). Vitamin D1 (CAS RN 520-91-2) byl popiso-
van®® od roku 1932 jako ekvimolarni smés (komplex) er-
gokalciferolu (vitaminu D2) s lumisterolem (stereoisomer
ergosterolu s opacnou konfiguraci na atomech C-9
a C-10), coz bylo zjisténo i na zaklad¢ krystalografické
studie®'.

lumisterol

ergokalciferol (vitamin D2)

Sbératel mize zakoupit plySovy model vitaminu D od
firmy Giant Microbes za 9,95 USD.
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6. Poznamky na zavér

Lécivé a hlavné adaptogenni ucinky cajl, extraktil
a jinych produktd ziskavanych z parchy se nemusi opirat
jen o jejich obsahové latky ekdysteroidniho typu. Dal§imi
faktickymi nositeli G¢inkd mohou byt i obsahové latky
typu polyfenolového. Napiiklad lignanové a feruloylsera-
toninové derivaty ziskané ze semen L. carthamoides®
projevily protizanétlivé Géinky v testech na artritidu® nebo
ochranné ucinky v pribéhu oxidacniho stresu v lidskych
neutrofilech®. Neméné zajimavou je i prokdzand moznost
potlaceni vnimani bolesti a stavu uzkosti ¢i neklidu u ex-
perimentalnich laboratornich zvifat®*¢. Podobné uéinky
mohou vyznamné pomahat v adaptaci organismu na stres
pfedevsim po vycerpani organismu dlouhodobym hladem,
fyzickym vycerpanim, ¢i tfeba extrémnim vykonnostnim
sportem.

Modemni pfistupy ktzv. ,repurposingu®, pouziti
schvalenych 1ékovych substanci k 1éceni chorob, pro které
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puvodné nebyly urceny, je jednou z cest, jak lacinym
a efektivnim zplisobem pfispét v ramci lékarskych véd
k vSeobecnému prospéchu. Pokud se tak €ini s pfirodni
latkou ziskanou z obnovitelnych zdrojii, kterd ma navic
zanedbatelnou toxicitu, téméf nulové Kkontraindikace
a ktera je lidstvem pouzivana po tisice let, je jen dobie.

Pfinasime tento prispévek jako text popisujici rizné
zajimavé aspekty chemie piirodnich latek®”® i proto, ze
chceme takto reagovat na mnozstvi smyslenek, polopravd
anesmysll, které jsou kolem piirodnich sloucenin dnes
Sifeny. Je nabiledni, Ze zkouméni pfirodnich latek, jakoZto
latek z obnovitelnych zdrojii, je jednou z cest, jak lacinym
aefge()k()toivnim zpisobem pfispét k vSeobecnému prospé-
chu™™.
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Rhaponticum carthamoides, maral root, is being used,

namely in Orient, for centuries. The focus of interest of
medicinal chemists has recently been pointed to its chemi-
cal components, namely 20-hydroxyecdysone, a herbal
drug with very low toxicity. It is registered in the EU to
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cure, e.g., Duchenne muscular dystrophy. Moreover, being
recognised as an adaptogen, it has been in use to cure pre-
diabetes and can be classified as a natural substance, for
which intensive research into cancer and leukaemia treat-
ment is running, in some cases together with bufadi-
enolides. Ecdysteroids also have the ability to affect drug
resistance in the treatment of tumours. The paper brings
the digest of the most interesting information, mainly from
the human health research.

Full text English translation is available in the on-line
version.

Keywords: maral root, Lou Lu, Rhaponticum car-
thamoides (Willd.) Iljin, oriental medicine, folk medicine,
substances increasing proteosynthesis, 20-hydroxy-
ecdysone
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1. Botanical classification and use in traditional
medicine

Already the ancient South Siberian settlers (as well as
the ancient Romans who painted
{locomotives with minium') found
{ that the red deer (Cervus elaphus
{ sibiricus, Caspian red deer, oien-
5 mapain) usually feed after a long and
exhausting winter the roots of a
plant similar to thistle, maral
(Rhaponticum carthamoides (Willd.)
Iljin, sometimes also Leuzea car-
4 thamoides (Willd.) DC., Cnicus

T carthamoides Willd., Stemmacantha
'H()‘{TA‘EEJC z carthamoides (Willd.) Dittr.), en-
demic in Siberia, now cultivated all
over the world, and thus consolidat-

LA A oo o a o o o

BVHIMBOJOUDVO BIEFIU § <

Fig. Wikipedia

ing their health. It has long been known among Siberians
that this herb "rejuvenates" and helps maintain "well-
being." Oriental medicine has used maral roots for thou-
sands of years to suppress heat (according to traditional
Chinese medicine (TCM)) and toxic swelling, inflamma-
tion, infection, as an antiviral and antibacterial agent; also
to increase the production of urine and breast milk. They
have also been used in kidney and lung disease?, hepatitis or
tonsillitis (angina)’. TCM knows this herbal drug as Lou
Lu (& 7 or J% J, although sometimes it is the roots of
similar plants such as Echinops latifolius Tausch. or
Rhaponticum uniflorum (L.) DC; the taxonomy of these
plants is not simple*®). The TCM encyclopedia states that
it "cleans heat" and "removes toxicity"; cures abscess and
unblocks meridians, promotes lactation, relaxes tendons
and unblocks the bloodstream. It is also indicated for
breast pain and breast abscess with painful swelling, mole
and sores; galactostasis (arrest of milk production), pain
caused by moisture (according to TCM) and convulsions.
It recommends an infusion of 5-9 g. It is not recommend-
ed for pregnant women.

2. Maral root in today's pharmacology and
phytotherapy

At the end of summer and in autumn, mainly wire
roots (Leuzeae radix, Rhizoma cum radicibus Leuzeae,
sometimes referred to as Radix Rhapontici, or "Uniflower
Swisscentaury Root") are processed and dried. These dried
roots will be referred to as maral in the following text. The
drug contains ecdysteroids, sterols and their esters, triter-
penes, essential oils, hydrocarbons, polyins, tannins, cou-
marins, flavonoids and sesquiterpene lactones, thiophenes,
anthocyans, triacylglycerols, phenolic acids, fatty acids
and N-feruloylserotonins®’.

Maral has been listed in the Russian Pharmacopoeia
since 1961 and is used as a herbal drug in medicine and in
our regions®”. An important supporter of its use is N.
Timofeev'®. The part used is the root, but the leaf can also
be utilised. Demonstrates toning and immunostimulatory
effects similar to ginseng. It stimulates mental activity,
stimulates life processes, helps in the body's adaptation to
stress, has a positive effect on the activity of the heart and
blood vessels'""'2. An increase in proteosynthesis (sometimes
referred to as an anabolic effect) is described'* ", unlike
androgenic steroid anabolics, it would not require physical
activity along with administration. Elimination of chronic
fatigue syndrome, reduction of nerve and muscle fatigue,
improvement of memory utilization processes and im-
provement of attention are described'®, anti-inflammatory

* The article uses "ecdysteroid" semi-trivial nomenclature for steroids
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action'’, use as a neurostimulator, aphrodisiac, and in gen-
eral in mental and physical stress. It works very well in
asthenia and depression, which predestines it for use in
psychiatric and neurological practice. It has also been used
successfully in the treatment of diabetes, especially milder
forms. It supports digestion and eliminates anorexia; it is
used for convalescence and headaches. It slightly increases
blood pressure, but some clinical trials have shown antihy-
pertensive effects. Good results have also been obtained in
the treatment of patients with sexual impotence. It lowers
blood sugar, fat and cholesterol levels, has a beneficial
effect on liver function and on the cardiovascular system.
Very interesting is the ability to facilitate the equipment of
a dynamic stereotype, untrained for some time, improving
learning and memory without side effects on the body. It is
also used as a component of mixtures that support male
sexual function'®, possibly to increase the libido of boars'’.
It is not surprising that at the time of the coronavirus pan-
demic, e.g. maral extract as an antiviral and immunomodu-
latory agent™ for the treatment of persons with COVID-19
infection has been investigated. The antimicrobial and
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antioxidant effect of oil from maral roots has been demon-
strated”.

Interesting results were recorded using ethyl acetate
maral extract on tongue squamous cell carcinoma tumour
lines (SCC-15)*. Similar results have been reported for
the lung cancer line (Calu-1)*. Maral extract in rats acted
as a prophylactic for the development of radiation-induced
tumours™.

There are several warnings for using a maral. Preg-
nant and breastfeeding women (which is contrary to TCM)
should avoid it for safety. People allergic to asteraceae
plants should consider consulting a specialist. The maral
can slow down blood clotting; therefore, min. 2 weeks
before the planned operation® it should be avoided.

3. Maral content
The main constituents of maral are polyhydroxylated

sterols called ecdysteroids (Fig. 1). Here we would like to
draw attention to the very well-maintained Ecdybase data-

OH

HO

HO H H
H | OH
HO
HO o
polypodine B

20-hydroxyecdysone 2,3-monoacetonide

Fig. 1. Main maral ecdysteroids (except of 20-hydroxyecdysone)

20-hydroxyecdysone 20,22-monoacetonide
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base®®, which contains more than 500 entries of both phy-
toecodysteroids and zooecodysteroids, some of which are
hormones of insect moulting and arthropod metamorpho-
ses.

Dried maral roots contain about 16 % protein, 2.5 %
fat, 16 % fibre and 11 % minerals. The roots contain, in
addition to ecdysteroids, a small amount of alkaloids, up to
0.9 % essential oil, 5-10 % tannins, 12—13 % inulin, resin,
coumarins and flavonoids. It is possible to extract most of
the substances from the plant in the form of a tincture,
when the root is eluted with 50 to 60% ethanol?’. The ma-
jor phytoecodysteroids from maral include
20-hydroxyecdysone, polypodine B, makisterone A, aju-
gasterone C, 20-hydroxyecdysone 2,3-acetonide,
20-hydroxyecdysone 20,22-acetonide,  20-hydroxyecdy-
sone 2,3;20,22-diacetonide, polypodine B 20,22-acetonide,
and isovitexirone®®?. Later, a series of other minor ecdy-
steroids from the roots were isolated and identified L. car-
thamoides™'. Ecdybase gives different content ecdyster-
oids for Rhaponticum carthamoides and for Leuzea car-
thamoides so it is necessary to state their intersection
(according to the alphabet): (5a)-20-hydroxyecdysone
(epiecdysterone), 14-epi-ponasterone and 22-glucoside,
15-hydroxyponasterone A and C, 1B-hydroxymakisterone C,
20-hydroxyecdysone  2,3;20,22-diacetonide, 20-hydroxy-
ecdysone 2,3-monoacetonide, 20-hydroxyecdysone 20,22-
-monoacetonide, 22-deoxy-28-hydroxymakisterone C,
22-0x0-20-hydroxyecdysone, 24(24"Z-dehydroamara-
sterone B, 24(24")-dehydro-24*-hydroxymakisterone C,
24(28)-dehydromakisterone A, 24-hydroxy-24,28-dihydro-
carthamosterone, 26-hydroxymakisterone C, 3-epi-20-
-hydroxyecdysone, ajugasterone C, carthamoleusterone,
carthamosterone A and B, dacryhainansterone (5-deoxy-
kaladasterone),  inokosterone  20,22-acetonide, in-
tegristerone A, integristerone A 20,22-acetonide, iso-
vitexirone, lesterone, leuzeasterone, makisterone A and C
(podecdysone A, lemmasterone), polypodine B, poly-
podine B 20,22-acetonide, polypodine B 22-benzoate,
poststerone, rapisterone B, C and D, rapisterone D
20-acetate, rubrosterone, taxisterone, turkesterone.

A number of related plants have a similar composi-
tion of ingredients, especially as regards the main ecdy-
steroids, and it can be said that the ability to produce ecdy-
steroids is broad in the plant kingdom, as they are thought
to work e.g. as fire protection for plants. In general, many
ecdysteroids are not found in plants and fungi grown for
food, with the exception of quinoa and spinach; here, the
anabolic activity of 20-hydroxyecdysone appears to be the
essence of the physical fitness of the legendary Popeye™.

4. 20-Hydroxyecdysone

The most abundant and most frequently studied phy-
toecodysteroid is 20-hydroxyecdysone: (2B,38,58,22R)-
-2,3,14,20,22,25-hexahydroxycholest-7-en-6-one. In the
literature, we can find the substance under other names:
(+)-20-hydroxyecdysone, (+)-ecdysterone, commisterone,
crustecdysone, B-ecdysone, ecdysten, ecdysterone, ekdis-
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20-hydroxyecdysone

ten, isoinokosterone, polypodine A, polypodine C, THE 7,
viticosterone, 20E, 20-OHE.

20-Hydroxyecdysone is an important steroid insect
hormone that regulates embryonic development, hatching,
metamorphosis and reproduction of members of the Ar-
thropoda strain. Its biochemistry in insects has been well
studied. Its precursor ecdysone is synthesized from dietary
cholesterol in the prothoracic glands of insects, is secreted
into hemolymph and oxidized to 20E in peripheral tissues
such as adipose tissue>®. The halloween genes that encode
cytochrome P450 monooxygenases are involved in several
steps in biosynthesis. 20-Hydroxyecdysone activates genes
related to moulting and metamorphosis via the EcR/USP
heterodimer, which belongs to the nuclear receptor super-
family (genomic action). It also modulates intracellular
signalling cascades through specific transmembrane span
GPCRs (non-genomic action). The main reactions contrib-
uting to its inactivation (metabolism) include epimeriza-
tion, ecdysonic acid formation, phosphorylation, fatty acid
acylation and glucosylation™*.

The biosynthesis of 20-hydroxyecdysone begins, e.g.
in Drosophila, in cholesterol. Initially, cholesterol is modi-
fied by 7-desaturase to form 7-dehydrocholesterol. In the
endoplasmic reticulum, it is further modified by cyto-
chrome p450 307al to form diketol. Diketol can also spon-
taneously form 3p,5B-ketodiol, which is modified in the
endoplasmic reticulum by cytochrome p450 306al to form
3B,5B-ketotriol. In mitochondria, 3B,5B-ketotriol is then
modified with cytochrome p450 302al to form
2-deoxyecdysone, and then cytochrome 315al to form
ecdysone, which is oxidized to 20-hydroxyecdysone by
ecdysone 20-monooxygenase in mitochondria®>. In plants
(Ajuga) the biosynthesis is similar, but instead of
7-dehydrocholesterol it takes place via 3B-hydroxy-5f-
~cholest-7-en-6-one*®.

The sources of 20-hydroxyecdysone depend on the
plant kingdom®”. Many species of plants (including seeds)
can be used as its source, including fungi*®, mosses and
ferns®. It also occurs in the animal kingdom, such species
as the silkworm, the crawfish Jasus lalandii and many
arthropods and invertebrates, molluscs, parasitic worms®®
and the sea anemone Zoanthus®’. The highest content in
the plant drug (almost 2 %) was found in the thistle-like
plant Serratula coronata (Asteraceae)®. Our maral contains
0.02-0.4 % in the aboveground parts and 0.04-0.24 % of
20-hydroxyecdysone in the roots.

Despite 7 oxygen substitutions on the steroid skele-
ton, 20-hydroxyecdysone has low solubility in water (only



Chem. Listy /75, 595-601 (2021)

84 mg L™). The solubility is increased 105-fold by com-
plexation with p-cyclodextrin®'. It is much more soluble in
alcohols (MeOH 75 g L', EtOH 5 g L™ and 70% EtOH
61 g L™, like other hydroxylated steroids, it dissolves well
in mixtures such as chloroform-MeOH (2:1,32 g L’l), ref. .
20-Hydroxyecdysone used as emulsifier and surfactant®.

Pure 20-hydroxyecdysone with a purity of up to 99 %
can be bought in China today at a reasonable price. It is an
isolated product of various species of Cyanotis
(Commelinaceae). You need to pay attention to quality and
request analytical data before buying.

5. Biological effects of 20-hydroxyecdysone

Ecdysterone toxicity is very low LDs, (mouse) 6,4
gkg! intraperitoneally* and >9 gkg' orally”’, which
allows its wide use. It is also sometimes referred to as le-
gal doping not only in Eastern Europe*®*’.

20-Hydroxyecdysone is one of the important adap-
togens. Its administration can help to achieve a non-
specific state of high resistance of the organism. The hypo-
thetical mechanism of action of adaptogens are prostress-
ors, which reduce the excessive increase in stress media-
tors during subsequent stress exposure'’.

A comprehensive review of the use of
20-hydroxyecdysone in human medicine has recently been
published®. We will also list some of the effects in this
review. 20-Hydroxyecdysone has been used to develop
new approaches to the treatment of sarcopenia, Duchenne
muscular dystrophy and other muscle wasting condi-
tions®*®, apparently to increase protein synthesis and skele-
tal muscle regeneration™. Improving muscle status may be
associated with an effect of increasing muscle ATP pro-
duction®'. In 2018, it was approved as an orphan medicinal
product under Regulation (EC) No 141/2000 of the Euro-
pean Parliament and of the Council®’. The substance has
been used in many studies to suppress the consequences of
estrogen deficiency’>. The use of 20-hydroxyecdysone
against filarial worms has been reported®®. In the years
2019-2020, clinical trials were also conducted to explore
the possibility of improving the condition of prediabet-
ics®®. In 2021, a clinical trial was started to improve respir-
atory function in patients with COVID-19 (ref.*). It has
been reported to improve metabolic and cardiovascular
function in ovariectomized rats on a high fat and fructose
diet’’, may act as a hepatoprotective agent®® and immuno-
adjuvans™. Its activity against dengue virus type 2 (DENV
-2) has also been reported* and possibility of use in the
treatment of beaver fever, giardiasis, infection in the small
intestine caused by a parasite Giardia lamblia® and hyme-
nolepiasia caused by the parasite Hymenolepis®. The ef-
fect on experimental arrhythmias, changes in hemodynam-
ics and myocardial contractility produced by coronary
artery occlusion was also studied®’. The immunomodulato-
ry properties of 20-hydroxyecdysone and its commonly
available derivatives have not been demonstrated ® but
have been described by others®*®*. It has been shown to
improve sexual function in men suffering from low sperm
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count, poor sperm motility, erectile dysfunction or low
libido during recovery from a heart attack®®. The use of
ecdysteroids for the preparation of dermatological or cos-
metic compositions against hair loss has been described ¢/
and to treat wounds **.

Intensive research into the effects of 20-hydroxy-
ecdysone on various tumors has been under way since
1979. One of the most interesting results is the research of
20-hydroxyecdysone to suppress the resistance of tumors
to anticancer drugs®’’, which was also observed for its
synthetic derivatives’"’2.

In general, ecdysteroids can be classified as natural
substances for which intensive research into cancer’>’* and
leukemia’ treatment is under way; interesting is the use of
ecdysteroids to treat these diseases’®”” together with bufa-
dienolides’®.

lumisterol

ergocalciferol (vitamin D2)

In 2019, 20-hydroxyecdysone was described as vita-
min D1 (ref.”®). Vitamin D1 (CAS RN 520-91-2) has been
described®, since 1932, as equimolar mixture (complex)
of  ergocalciferol  (vitamin D2)  with lumisterol
(stereoisomer of ergosterol with opposite configuration at
carbons C-9 and C-10), what was declared®' also on the
basis of the X-ray crystallography.

A hobbyist can buy a plush model of vitamin D from
Giant Microbes for USD 9.95.
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6. Concluding remarks

The healing, and especially adaptogenic, effects of
teas, extracts and other products obtained from worm do
not have to be based solely on their ecdysteroid-type con-
stituents. Polyphenol-type constituents can also be other
factual carriers of the effects. For example, lignan and
feruloylseratonin derivatives obtained from seeds L. car-
thamoides® showed anti-inflammatory effects in arthritis
tests® or protective effects during oxidative stress in hu-
man neutrophils®*. Equally interesting is the proven possi-
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bility of suppressing the perception of pain and a state of
anxiety or restlessness in experimental laboratory ani-
mals®®. Effects of a similar type can significantly help in
the adaptation of the organism to stress, especially after
exhaustion of the organism by long-term hunger, physical
exhaustion, or even extreme performance sports.

Modern approaches to so-called "repurposing", the
use of approved drug substances to treat diseases for which
they were not originally intended, is one of the ways to
contribute cheaply and effectively to the general good in
the medical sciences. When this is done with a natural
substance obtained from renewable sources, which, more-
over, has negligible toxicity, almost zero contraindications
and which has been used by mankind for thousands of
years is only good.

We present this paper as a text describing various inter-
esting aspects of the chemistry of natural substances®”*® also
because we want to react in this way to the amount of ide-
as, half-truths and nonsense that are spread around natural
compounds today. It is clear that the study of natural sub-
stances, as substances from renewable sources, is one of
the ways to contribute cheaply and effectively to the gen-
eral good®**".
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Abstract

Rhaponticum carthamoides, maral root, is being used,
namely in Orient, for centuries. The focus of interest of
medicinal chemists has recently been pointed to its chemi-
cal components, namely 20-hydroxyecdysone, a herbal
drug with very low toxicity. It is registered in the EU to
cure, e.g., Duchenne muscular dystrophy. Moreover, being
recognised as an adaptogen, it has been in use to cure pre-
diabetes and can be classified as a natural substance, for
which intensive research into cancer and leukaemia treat-
ment is running, in some cases together with bufadi-
enolides. Ecdysteroids also have the ability to affect drug
resistance in the treatment of tumours. The paper brings
the digest of the most interesting information, mainly from
the human health research.
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