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SEZNAM ZKRATEK
AD Alzheimerova choroba

ADINACO  Alzheimer’s Disease and Natural Compounds

ACh Acetylcholin

AChE Acetylcholinesterasa

AMK Aminokyselina

APP Amyloidni prekurzorovy protein
AB B-amyloidni peptid

BACE-1 [3-sekretasa

BuChE Butyrylcholinesterasa

CNS Centralni nervovy systém

HUAChE Lidska erytrocytarni acetylcholinesterasa
HuBuUChE Lidska sérova butyrylcholinesterasa
HEB Hematocefalickd bariéra

ChAT Cholinacetyltransferasa

GSK-3p Glykogen syntdza kinasa 33

NFK Neurofibrilarni klubka

NMDA N-methyl-D-aspartat

ROS Reaktivni formy kysliku

sAPPa Rozpustny o amyloidovy prekurzorovy protein
SAPPpB Rozpustny B amyloidovy prekurzorovy protein
SP Senini plaky
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PREDMLUVA K DISERTACNI PRACI
Vzhledem Kk poétu publikovanych praci na feSené téma je tato disertacni prace pojata jako

komentai k ¢lankiim, které byly publikovany v pribéhu doktorského studia.
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1. UVOD

Rostlny produkuji téméf nepieberné mnozstvi sekundarnich metaboliti se Sirokym
spektrem biologickych aktivit. Toto poznani, a¢ ne ptesné Vtakovéto podobé¢, je staré snad
jako lidstvo samo. Rostliny slouzily od pradavna jako zdroj potravy a tak postupné empiricky
byly odhalovany i jejich 1é&ivé, respektive toxické Gginky’.

Ackoliv by se dnes na prvni pohled mohlo zdat, Ze pirodni latky nejsou rovny
synteticky pripravenym 16¢ivim, & nejsou dostate¢nd u¢inné, opak je pravdou®. Organicka
chemie dnes sice dokaze syntetizovat vétSinu pifrodnich latek o malé molekule, totalni
syntéza je vSak Casto finanéné velmi nakladna. Syntetickych postupli se dnes vyuziva spiSe
pro tUpravu piirodnich molekul (napiiklad uprava namelovych alkaloidti na dihydroderivaty
zdivodu lepsi terapeutické vyuzitelnosti) nebo feSeni problémil jiného druhu. Zde je dobrym
prikladem syntéza morfinu zthebainu za uUCelem eliminace péstovani opiového maku
v n¢kterych oblastech.

Vyse zminéna fakta nejsou jedinymi aspekty duleztosti pifrodnich latek a navratu
K jejich takzvanému znovuobjeveni. Globalizace svéta, piichod informa¢ni doby a neustaly
pokrok Iékarské védy pinasi mnoho zmén ve spole¢nosti, na které je nutno reagovat i na poli
novych potencialnich Civ. Oproti minulym stoletim se vyraznym zplisobem prodluzuje
délka zivota a charakter onemocnéni prevladajici ve spolecnosti. Zatimco v 19. stoleti byly
nejvétsi hrozbou infekéni onemocnéni, ve 20. stoleti jsou to onemocnéni kardiovaskularni a
nadorova, ve 21. stoleti jimi budou onemocnéni neurodegenerativni’.

Srostouci délkou zivota se projevuji piedevSsim choroby, které se v minulosti
nestaCily zhlediska Cetnosti rozvinout. Jednou ztéchto chorob je 1 Alzheimerova choroba
(AD). Jedna se o neurodegenerativni onemocnéni, jehoz klinickymi projevy jsou postupny
upadek kognitivnich finkci, ktery vede az k naprostému rozkladu osobnosti a neschopnosti se
0 sebe postarat. VVzhledem k faktu, Ze v souasnosti neexistuje kauzalni 1é¢ba®; a je tak mozno
pouze zpomalit progresi choroby lécbou symptomatickou, jedna se o velmi zivazny problém.
Charakter onemocnéni navic predstavuje velkou zat€z pro pacienty, rodiny nemocnych i
celou spolecnost.

Vyskyt AD je diky starnuti populace a delSi stfedni délce zvota stdle castéjsi.
Incidence AD je vyraznda prevazné u starSich lidi Po 65. roce wveku se kazdych 5 let
zdvojnasobuje a u lidi nad 85 let v&ku je postiZeno vice nez 30 % populace’. Poget
nemocnych se navic stale zvySuje a ocekava se, z2 do roku 2050 miize pocet nemocnych

celosvétoveé dosahnout az 114 miliond®.
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Etiologie AD dosud neni pln& zndma®. Z hlediska patofyziologickych procest, které
vmozku pifi AD probihaji, se d4 na onemocnéni nahlizet ze dvou hlavnich uhli pohledu. Na
tomto zaklad® také vznikly dvé hlavni hypotézy vanku AD. Podle amyloidni hypotézy’ je
primarni piicinou vznik tzv. B-amyloidu (APB), ktery vmozku vytvaii senilni plaky (SP). Ve
zdravém mozku dochazi ke S$tépeni membranového amyloidového prekursorového proteinu
(APP) enzymem a-sekretasou a nasledné vy-sekretasou. Timto S$tépenim vznikne a-
prekurzorovy protein (sAPPa), ktery je rozpustny a ma své dilezité¢ fyzologické role, napf.
pfi zajiStovani neurondlni plasticity. V membrané zistdvd proteinovy zbytek C83, ktery je
Stépen y-sekiretasou za vzniku proteinu P3 cit®. Za patologickych podminek je APP
nadmémé S$té€pen enzymem beta-site amyloid precursor protein-cleaving enzym 1 (BACE-1,
B-sekretasa). To ma za nasledek $tépeni APP na jiném mist¢ (tzv. pf-misto), a vysledkem
tohoto Stépeni je kratsi fragment - rozpustny B-prekurzorovy protein (SAPPP) - a vV membrané
zustava delsi zbytek C99. Zbytek C99 je poté Stépen y-sektretasou za vzniku amyloidnich
peptidt, které jsou tvofeny 38-43 aminokyselinami® a v prib&hu nemoci vytvaii toxické
oligomery, protofibrily, fibrily a v kone¢né fazi SP.

Dalsim patofyziologickym ndlezem jsou neurofibrilarni klubka (NFK). Ve zdravé
tkani se piirozené vyskytuje tzv. t-protein. Ten se podii na stavbé¢ mikrotubuli a
vezikularnim transportu. Pfi patologickych procesech ovSem dochaz k jeho hyperfosforylaci
a takto fosforylovany protein se stava nerozpustnym, piestava se vazat na mikrotubuly a
shlukuje se do zdvojenych helikalnich struktur®. Na rozdil od AB se NFK tvoii uvnitf
neuronu. Tyto intraneuronalni agregaty vedou ke smrti neuronti a tim k ubytku mozkovych
bun€k. Nekteti autofi uvadéji vank NFK jako dusledek nerovnovdhy mezi produkci a
odstratiovanim AR,

V disledku pittomnosti vySe popsanych patologickych utvar dochazi k dalsimu jevu
— tzv. excitotoxicitt. To ma za nasledek nadmémé uvolovani glutamatu a daKich
excitatnich AMK, v nepostizenéjSich korovych oblastech dochazi ke snizenému zpétnému
vychytdvani glutamatu. Ten se poté nadmémé vaze na receptory napf. ionotropni receptor
tyou NMDA  (N-methyl-D-aspartatovy receptor), dochdzi k nadmémému otevieni
vapnikovych kandli a ke zvySenému vstupu véapenatych iontd do neuronll. Tento proces ma
za nasledek aktivaci kaskady déji, které v konecném disledku vedou k neuronalni apoptdze.
NMDA receptory navic realizuji jeden ze zakladnich déji uceni - dlouhodobou potenciaci a
pravé tento d&j je hyperexcitaci NMDA receptort rusen' 2.

Cholinergni  teorie  popisuje  predevSim snizeni hladiny acetylcholinu (ACh)
v centrdlnim nervovém systému (CNS) jako hlavni picinu upadku kognitivnich funkci®®. Je

6
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popisovan tbytek enzymu cholinacetyltransferasy (ChAT), enzymu, ktery syntetizuje ACh*
a také snizeny vstup prekurzord (cholin a acetylkoenzym A) pro tvorbu ACh do neuront.
Vzhledem ke snizené tvorbé ACh existuje snaha prodlouzit plsobeni existyjicho ACh
vpostizeném mozku. Ciem se stal enzym, ktery ACh odbourava, a tim je
acetylcholinesterasa (AChE). V pribéhu onemocnéni vSak dochazi také k ubytku tohoto
enzymu a Vvzavéreénych stadiich nemoci je prevladajicim enzymem butyrylcholinesterasa
(BUChE), ktera $t&pi ACh podobnym zptisobem, jako AChE'®.

Vzhledem ke komplexnosti a stile ne plné jasné etiologi, je medikamentozni zasah
do patofyziologickych procesi velmi nesnadny®®. ZtSchto diovodi dnes dostupnd a
aplikovana 1é¢iva u pacientd s AD, vychazeji z cholinergni teorie a terapie je zaméfena na CO
nejdelSsi udrZzeni kognitivnich funkci.

Historicky prvnimi pouzivanymi é¢ivy byly inhibitory acetylcholinesterasy a ty i
nadale zlstavaji nejvyznamngjSi terapii AD. Centralné pulsobici mnhibitory cholinesteras musi
prochazet hematocefalickou bariérou, specificky ovlivilovat mozkové cholinesterasy a museji
byt také dobie tolerovany. VétSina dosud pouZivanych inhibitori cholinesteras —inhibuje
ACHhE, néktera mhibuji caste¢né i BuChE.

Inhibice  cholinesteras mize probihat reverzibilnim nebo  pseudoreverzibinim
zpisobem. Irreverzibini inhibitory se vpraxi nevywzivaji zdavodu velkého mnozstvi
nezadoucich u¢inkd. V CR jsou dnes prakticky vyusvany galanthamin, rivastigmin  a
donepezil. Takrin se pro svou hepatotoxicitu piestal pouzivat'’. Krom¢ inhibitort
cholinesteras se k 1é¢be strednich a tézSich stadii AD pouziva inhibitor NMDA receptora —
memantin.

Tato disertacni prace je veénovana izolaci, identifikaci a predevsim biologické aktivité
alkaloidi rostlin Celedi Amaryllidaceae. Ztéto celedi byl izolovan jiz zminény terapeuticky
vywvany galanthamin.  Galanthamin  je terciarni alkaloid ptvodné izolovany z cibuli
snézenky Woronowii Galanthus woronowii Losinsk z ¢eledi Amaryllidaceae. Pozd&ji byl
izolovan také z dalSich rostin této Geledi’®. Jedni se o selektivni reverzibilni inhibitor
acetylcholinesterazy, ktery zaroven allostericky moduluyje acetylcholinové  nikotinové
receptory.

V ramci pracovni skupiny ADINACO Research Group'® jsem se na Katedie
farmaceutické botanikky a ekologie, Farmaceutick¢ fakulty v Hradci Kralové vénovala
alkaloidam rostlin Zephyranthes robusta a Chlidanthus fragrans. Protoze 1écba AD se musi
posunout od symptomatické ke kauzalni, je tfeba u izolovanych latek sledovat vice aspektt,

nez jen inhibici cholinesteras. Skupina ADINACO ve spolupraci s Centrem pokrocilych
7
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studii Fakulty vojenského I€kaistvi Univerzity Obrany v Hradci Kralové zacala u
planuje Vvramci zavedeni novych biologickych testli a spoluprace, identifikace 1 dalSich
biologickych aktivit tizce souvisejicich s AD, jako je napiiklad inhibice BACE-1 a glykogen
syntazy kinazy 3P (GSK-3p).
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2. CiL PRACE

Cilem této prace bylo:

1)

2)

3)
4)

5)

6)

piiprava alkaloidnich extraktli z vybranych rostlin celedi Amaryllidaceae, stanoveni
biologickych aktivit jednotlivych extrakti a provedeni GC-MS analjzy za ucelem
identifikace jednotlivych slozek,

na zdkladé wvysledkll screeningové studie provedeni vybéru vhodnych rostlin pro
fytochemické studie,

piiprava alkaloidnich extraktii z vybranych rostln, izolace alkaloidi v Cistém stavu
stanoveni zakladnich fyzikalné-chemickych vlastnosti izolovanych latek (opticka
otaCivost) a struktury MS a NMR analyzou,

provést stanoveni vybranych biologickych aktivit Cistych izolovanych latek (inhibice
lidské erytrocytarni acetylcholinesterasy a lidské sérové  butyrylcholinesterasy,
inhibice prolyloligopeptidasy),

po vypo¢tu hodnot ICsq (statistickym programem GraphPad Prism 5.02 software)
navrhnout nejuémnéjsi latky pro hlubsi biologické studium z hlediska vlivu na

neurodegenerativni onemocnéni typu Alzheimerovy choroby.
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3. LITERARNI PREHLED

3.1 Cholinergni systém

Acetylcholin je jeden zhlavnich neurotransmiterd v lidském organismu. V perifernim
nervovém systému hraje roli neurotransmiteru na nervosvalové ploténce, kde se vaze
k nkotnovym ACh receptorim. Zde zprosttedkovava otevieni ligandem fizeného
sodikového kandlu. Na svalovych vldknech srde¢ntho svalu ovSem pifes muskarinové ACh
receptory naopak inhibuje kontrakci svalovych vlaken?®.

V autonomnim nervovém systému funguje jako neurotransmiter jak V pregangliovych,
tak postangliovych neuronech parasympatiku a také v pregangliovych neuronech sympatiku.
Modifikovana gangliovd sympatickd vldkna vdfeni nadledvin jsou stimulovany ACh
k produkci noradrenalinu a adrenalinu. Vyjimku tvofi na postgangliovych —synapsich
sympatiku pouze v potnich Zazach?®.

Z chemického hlediska je ACh esterem kyseliny octové a cholinu, jedna se o latku
skladnym nabojem. Je sSyntetizovan Vcytoplazmé cholinergnich neuront zcholinu a
acetylkoenzymu A, ve kterych je uchovavan uvniti vezikul Jeho syntéza probihd za pomoci
enzymu ChAT. Pfi probéhnuti akcntho potencidlu se pomoci exocytozy dostava do
synaptické Stérbiny, kde se vaze na cholinergni receptory. Vazba je pouze kratkodoba, ACh
je velmi rychle rozkladan cholinesterasami na acetat a cholin, ktery je dale vyuzt k opétovné
tvorbé¢ ACh. Role téchto enzymi je dilezitd pro odstrafiovani volného ACh a tedy pro
spravné fungovani nervového pfenosuzo.

Z fyziologického hlediska hraje cholinergni systtm v CNS velmi dilezitou tlohu
vmnoha slozitych a stale ne zcela jasnych procesech. Krom¢ samotného pienosu akéniho

1

potencialu slouzi jako neuromodulitor, je zodpovédny za pritok krve mozkem®, za aktivitu

mozkové kiry 22, cyklus bdéni a spanku?®, kognitivni finkce a pamt.

Z anatomického hlediska miZzeme cholinergni systém mozku mizeme rozdélit na
skupinu takzvanych projek¢nich neuronti, které se nachazeji predevSim v prednim mozku a
horni ¢asti mozkového kmene (nucleus interpeduncularis a nucleus Maynerti), a
interneurony, pittomné v nucleus caudate a v putamen, nucleus acumbens, v hippocampu,

25, Neurony bazilnich ganglii projikuji axony do celé

mozkové kiife, hypotalamu a miSe
mozkové kulry, neurony Septum verum a axony jader retikularni formace projikuji do

hippokampu a thalamu?®.

10
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Je dlouhou dobu zndmo, Ze podani tropanovych alkaloid (které blokuji muskarinovy
receptor) zpUsobuje ztratu paméti a kognitivni poruchy podobné tém, které se vyskytuyi u

27

riznych typt demenci’’. Rada studii potvrdila viiv acetylcholinu na vyvoj mozkové kiry a

jeho dilezitost vbudovani synaptick¢ sit¢ neuronti, ktera v dospélosti zajiStuje spravné
28,29

fungovani kognitivnich funkct Acetylcholin tak hraje vyznamnou roli ve strukturni a

funkéni remodelaci korovych okrskii a ma viiv na vizualni plasticitu mozkové kiry*%3t,
V pribéhu starnuti dochdzi k Gbytku a atrofi cholinergnich neuronti v pfednim
mozku, snizeni aktivity ChAT a celkovému chatrani cholinergntho systému, ktery se da

srovnat s procesem pozorovanym u stiedné té¢Zkych degenerativnich amén2,

Tyto zmény
vedou ve vyssim véku &asto k poruchdm paméti®®. Poruchy kognitivnich finkci viak nebyvaji
detekovatelné diive, nez je zniCeno kolem 30 % cholinergnich neurond. Cholinergni systém
tak vykazuje pomémé velkou kapacitu viiéi ubytku neurontr®?,

Ztrata funkce cholinergniho systému je pozorovana pii mmnoha neurodegenerativnich
onemocnénich, jako je Parkinsonova choroba, Downilv syndrom, Creutzfeldt-Jakobova

nemoc, ale i pii alkoholismu ¢&i traumatech®3®.

Pfi AD se vSak krom¢ degenerace
cholinergniho systému objewvuji také vmozkové kife a hippokampu extracelularné¢ A a
V cytoplazmé kortikalnich a pyramidovych neuroni NFK.

Prvnim ndznakem souvislosti mezi tvorbou AP a cholinergni dysfunkci byla
piitomnost cholinesteras a plakGi na stejnjch mistech mozku®®. 1 pies znatny pokrok
v pochopeni biochemickych procesti tvorby a ukladani B-amyloidovych plaki, neni stale
mama piicina degenerace cholinergnich neuronti. V poslednich letech se vsak zda, ze proces
tvorby a usazovani P-amyloidovych plakii a degenerace cholinergnich neuroni mize mit

uzkou souvislost. Nedavna studie zjistila, ze dlouhodobé potlaceni cholinergni muskarinové

transmise mie ovlivnit rovnovahu 3t&peni APP ve prospéch vzniku AB*’.

3.2 Cholinesterasy a jejich vyznam

V soucasné dobé jsou znamé dvé cholinesterasy, v piedeslych kapitolach jiz zminéné:
AChE, vdiivgjsi literatufe oznaCovana jako krevni cholinesterasa, a BuChE, ktera byvala
oznaCovana jako plazmatickd cholinesterasa. Nazvy vypovidaji o skute¢nosti, ze AChE je
pfitomna na povrchu erytrocyti a BuChE pfi zpracovani krve zistava v krevni plazmé ¢i
séru. Strukturnd obé& cholinesterasy nalezi do rodiny esteras — lipas=®.

AChE je zikladni soucasti cholinergnich synapsi a nervosvalovych spojeni, které se
podileji na Stépeni ACh. V téle savcu se AChE vyskytuyje ve tfech formach, které maji stejna

11



Komentar k souboru publikovanych praci

katalytickd mista, ale L§i se v C-termindlnich protenech. Monomerni rozpustnd forma (G1)
se vyskytuje piedevsim béhem vyvoje mozku; dimerni forma (G2) se nachaz v erytrocytech
a tetramerni forma (G4) vmozku a ve svalech®. V mozku zdravého &loveka previada forma
G4 a forma G1 je pittomna pouze v nizké koncentraci. U pacientti postizenych AD vyznamné
roste podil G1 formy a klesd mnozstvi formy G4.

BuChE je substratové méné specifickd a jeji role Vvorganismu neni doposud zcela
objasnéna®®*!. Hydrolyzuje butyrylcholin, néktera I6¢iva, mezi ndZ pati kokain &
acetylsalicylova kyselina. Je mozné, Ze se podii na regulaci proliferujicich bunck (napf.
vmozku). Nachazi se vplazmé, jatrech a lidském mozku. V lidském mozku se nachaz
vneuronech a gliovych buikach*!. Koncentrace a aktivita BUChE se vmozku zvysuje
svekem a je vyznamné zvySena u pacienti s AD, zatimco mnozstvi a aktivita AChE se
snizuje®. Na zikladé riznych modeldl (a u pacientdl s pokroGilou AD) se zd4, ¢ BuChE
ur¢itou mérou nahrazuje AChE pfi hydrolyze mozkového ACh a je pro dalsi studum velmi
perspektivni*? 4,

S ohledem na Kkatalytické puisobeni cholinesteras a pisobeni inhibitord hraji dtleZitou
roli nasledujici casti enzymi: aktivni centrum, aromatické hrdlo a periferni misto, téz
oznaCované jako [ anionické misto. Struktura aktivntho centra a piilehlych oblasti je
zobrazena na nasledujicim obrazku (Obrazek 1)*. Substrat musi pii své cest® k aktivnimu
centru minout nejprve [ anionické misto. Toto misto hraje vyznamnou roli pfedevSim u
AChE. U BuChE je vyvinut¢ mnohem mén&*®. Aromatické hrdlo obsahuje vys§i procento
rezidui aromatickych aminokyselin a je opét vyvinutéjsi u AChE, kde je pfitomno Ctrnact
rezidui aromatickych kyselin oproti osmi u BuChE*®. Toto aromatické hrdlo plni roli jakéhosi
molekulového sita determinujictho, které substraty nebo mhibitory proniknou do aktivniho
centra. Aktivni centra AChE a BuChE jsou velice podobna; jsou tvofena tzv. katalytickou
triddou aminokyselin serin 200 — glutamat 327 — histidin 440 a piedstavuji tzv. esterové resp.
esteratické misto, které je zodpovédné za hydrolytické §tpeni esterové vazby substratu’’.
Nepostradatelnou soucasti aktivniho centra je o anionické misto oznaCované také jako aktivni
anionické misto, kter¢ odpovida za spravnou orientaci substratu wiici aktivnimu centru’®.
Inhibitory vazajici se do o anionického mista jsou napiiklad v soucasnosti farmakologicky
vyuzivany galanthamin, donepezil a huperzin A, ktery je v Ciné jiz zaveden do praxe v 16¢bé
AD a vEvropd a USA by mél byt vbudoucnu zaveden jako dostupny 16k**°%°!, Cilovym
mistem u¢inku dalsi farmakologicky vyuzivané latky, rivastigminu, je esterové misto
enzymu’?.
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vitupsubstrata periferni (B) anionické misto

aromatické hrdlo

kavita s aktivnim centrem

v 3E a anionické misto
esterove misto

Obrazek 1. Schéma aktivniho centra acetylcholinesterazy.

4. ROSTLINY CELEDI AMARYLLIDACEAE A JEJICH SEKUNDARNI
METABOLITY

Celed Amaryllidaceae (Amarylkovité) je pomérné podetna Geled’ &itajici asi 75 rodd a
1100 druhi®®. Jedni se o jednod&lozné viceleté cibulovité rostliny, znichz vétina zistupct
se vyskytuje v subtropickém a tropickém pasmu. V CR roste v piirodé volné jen 5 druhd, 3
jsou puvodni a 2 zplan¢lé. Z puvodnich jsou jimi Galanthus nivalis L. (snéZenka
podsnéznik), Leucojum vernum L. (bledule jarni) a kriticky ohrozena Leucojum aestivum L.
(bledule letni), kterd se v CR nyni vyskytuje uZ jen v jihomoravskych luzich. U nas zplanglé
Narcissus poéticus L. (narcis bily) a Narcissus pseudonarcissus L. (narcis Zluty) pochazeji
pivodng z jihozapadni Evropy®*°°. Mnohé ze subtropickych zistupc se u nis péstuji jako
pokojové rostliny. Pikladem mohou byt rody Clivia, Haemanthus, Eucharis, Crinum a
Hippeastrum. Nutno podotknout, ze diky vysokému obsahu alkaloidd mohou byt tyto rostliny
zdrojem otrav.

Diky piitomnosti alkaloidi byly tyto rostliny dlouho vyuzivany v lidovém Iécitelstvi
Prehled wvyuzti rostlin Vvlidovém IéCitelstvi, kterym byla a je po fytochemické strance
vénovana pozornost na Katedfe farmaceutické botaniky a ekologie je shrnut v nize uvedené

tabulce (Tabulka 1). Kompletni piehled by byl velmi rozsahly, a piesahoval by ramec této
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kvalifikaéni prace. V souvislosti s nemocemi CNS je poticba zminit také pouzivani odvaru
zcibuli snéZenek a bleduli v oblasti Vychodni Evropy k lé€bé nemoci jako je poliomyelitida
a myastenia gravis®®. Detailni popis vywiti tSchto rostin v ldovém IKcitelstvi a tradicni

medicing je mono nalézt v nasledujici literatuie®’ >890,

Tabulka 1. Vyuzti vybranych rostlin ¢eledi Amaryllidaceae v tradicni medicing.

Rostlina VyuZziti Zemé Cit.
Zephyranthes candida Diabetes mellitus Jizni 61
Herb. Afrika
Zephyranthes parvula Kilip ~ Zhoubné nadory Peru 61
Zephyranthes rosea Lindl. Rakoviny prsu Cina 62
Zephyranthes flava (Herb.)  Siroké vyuziti Indie 63
Baker
Nerine bowdenii Watson Kasel, nachlazeni, neurodegenerativni Jizni 64
onemocnéni Afrika
Nerine filifolia Baker Bolesti zad, kaSel a nachlazeni, Jimni
. ., . 65
neplodnost, potize s ledvinami a jatry Afrika
Eucharis grandiflora Rany, nadory Peru, 66
Planch. & Linden Chile
Galanthus nivalis L. Zalude¢ni potize, 1éCba ran a otoki Turecko 67
Hymenocallis Salisb. Nadory Portoriko 65

Biologicka aktivita téchto latek je znacnda a Sirokd. K nejvyraznéjsi aktivit¢ patii

predevsim schopnost inhibice cholinesteras®®:°.

Dalsi neopomenutelné biologické aktivity
téchto alkaloidii jsou aktivita antivirovd, antimalarickd, antbakteridni’® a cytotoxicita
indukei apoptozy'™ 2. V dneini dob& je popsano pibling 500 Amarylidaceae alkaloidii a jak
se zda, tento pocet neni zdaleka konecny. Jen za posledni dva roky bylo izolovano a
strukturng popsano 26 novych alkaloidi této Geledi’. V pribshu poslednich Sesti let byly
popsany alkaloidy dvou dosud nezndmych strukturnich typa’®. Amaryllidaceae alkaloidy jsou
do maéné miry strukturné jedineéné. Nekteti autofi je zafazuji do skupiny isochinolinovych

alkaloidt’>'®, jelikoz isochinolinové jadro se ve vétsing molekul skutednd vyskytuje.

4.1 Strukturni rozdéleni a biosynteticky ptivod alkaloidi ¢eledi Amaryllidaceae

V dnesni dob¢ je zmamo 19 strukturnich typl téchto latek. Kazdoro¢né jsou ovsem
izolovany a strukturné popsany nové alkaloidy at' uz stavajicich strukturnich typt, Cci
strukturnich typi zcela novych. Prozatim poslednim novym strukturnim typem je typ
hostasininovy, ktery byl popsan diky izolaci hostasininu A z Hosta plantaginea (Lam.) Asch.

14
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(Lilliacae) vroce 20077, V &eledi Amaryllidaceae byl identifikovan aZ vroce 2011, kdy byl
izolovan z Lycoris albiflora Koidz’®. Zvlastnim typem je typ mesembranovy. Jednd se o typ
Siroce rozsiteny Vrostlinach rodu Sceletium (Aizoaceae), ale vceledi Amaryllidaceac byl
prozatim popsan jen u dvou zistupcti rodu Narcissus'®®°, dale u Hymenocalis arenicola
Northr.8' a Crinum oliganthum Urb.%2. Zakladem molekuly téchto litek neni isochinolin, ale
indol. Tento strukturni typ se dale deli na tfi podskupiny reprezentované mesembrinem,
joubertiaminem a skeletinem A4. U skeletinu A4 ovSem v molekule nachazime vedle indolu
také isochinolinovy skelet.

Plikaminovy a gracilaminovy strukturni typ obsahuji v molekule dva dusikové atomy,
vSechny ostatni strukturni typy obsahuji dusik jeden. Piehled vSech strukturnich typt, jejich
hlavnich zastupci a rodd, ze kterych byly izolovany ¢i identifikovany, shrnuje nasledujici
tabulka (Tabulka 2).

Biosyntéza téchto alkaloidi je svym zplisobem specifickd. Podle hlavniho
meziproduktu (ktery je také jednim ze strukturnich typil) se nazyvad norbelladinova cesta.
Témet vSechny ostatni alkaloidy s isochinolinovym jadrem vznikaji bud® zmolekuly L-
fenylalaninu ¢i L-tyrosinu. Na pocatku biosyntézy amarylkovitych alkaloidii stoji obé tyto
molekuly, které po n€kolika reakcnich krocich tvoii 4’-O-methylnorbelladin. Podobné za¢ina
syntéza také u kolchicinu, ovSsem produkt kondenzace obou molekul je jiny. Z norbelladinu
dale podle typu intramolekulového oxidativniho spojeni (,,para-ortho®; ,para-para®; ,ortho-
para®) vznikaji zakladni strukturni typy téchto alkaloidi pojmenované vzdy podle hlavniho
zastupce skupiny (Obrazek 2). Jsou jimi galanthaminovy, lykorinovy, o- a B-Krinanovy
(krinin a haemanthamin), dale pak mén¢ casto se vyskytyjici buflavinovy, cheryllinovy a
pankratistatnovy typ. Zoa- a B-krinanového  skeletu déale vznikaji  tazettinovy,
pankratistatinovy, augustaminovy, gracilinovy, plikaminovy a gracilaminovy strukturni typ®°.
Homolykorinovy typ je syntetizovan ze skeletu lykorinového. Biosyntetickd cesta nékterych,
predevsim méné se vyskytujicich zistupcti neni doposud plné objasnéna. Schéma biosyntézy

zakladnich strukturnich typt je znazornéno na nasledujicim obrazku (Obrazek 2).
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L-fenylalanin H ¢

L-tyrosin
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galanthamin ¢
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pankratistatin
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Obrazek 2. Biosyntetickd cesta hlavnich strukturnich typiti alkaloidd Amaryllidaceae®?.
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Tabulka 2. Piehled strukturnich typa alkaloidid celedi Amaryllidaceae a rody, ze kterych
byly izolovany.

Strukturni typ Hlavni zastupce Rod™™

1 | belladinovy OCH, belladin Crinum™™
Galanthus®’
Chlidanthus®®®®
Nerine®

krinin Ammocharis™
Brunsvigia®
Clivia®
Crinum®
Cyrtanthus®
o Eucharis®
haemanthamin | Galanthus®’
Hippeastrum®®®
Leucojum82
Lycoris 20!
Narcissus'??
Nerine'®
Zephyranthes'®*

7 | krininovy

galanthamin Crinum™
Cyrtanthus'®
Galanthus™
Leucojum’
Lycoris'®
Narcissus®
Zephyranthes'*®

3 | galanthaminovy

lykorin Ammocharis™
Brunsvigia®
Crinum®®
Cyrtanthus®
Galanthus™”’
Hippeastrum®
Chlidanthus®
Leucojum’
Lycoris*®
Narcissus®
Zephyranthes'*®

4 | lykorinovy

5 | galanthindolovy galanthindol Galanthus™’
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6 | homolykorinovy homolykorin Clivia™
Galanthus™®
Hippeastrum*™*
Leucojum’
Lycoris'®
Narcissus'®
7 | galasinovy galasin Galanthus™
8 | montaninovy montanin Hippeastrum'*
Lycoris'®
Pancratium™?
Scadoxus™®
9 | kripowellinovy kripowellin Al Crinum™*
Ri, Rp=
-CH,0OCH,-
kripowellin B
R1:R2:CH3
10 | cheryllinovy cheryllin Crinum™®
Narcissus®
11 | buflavinovy buflavin Boophane*™
12 | plikaminovy plikamin Galanthus™’
OH
13 | tazettinovy OCHj,4 tazzetin Clivia™
Eucharis®®

Galanthus®
Hippeastrum®
Chlidanthus®

Leucojum’

Zephyranthes'?®
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14 | gracilinovy gracilin Galanthus™
15 | augustaminovy augustamin Crinum™
16 | pankratistatinovy OH pankratistatin Boophane™”
HO. . .OH Haemanthus™®™*
Hymenocallis™*
Narcissus'®®
© O Pancratium'
NH Zephyranthes'**
OH O
17 | gracilaminovy CH racilamin Galanthus™*
gr vy 0] /C|'?3 g
18 | mesebranovy mesembrin Narcissus™*
CHs
CHs
N 0
H;C
joubertiamin
skeletin A4
CH;
CHs
NN
HsC U
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19 | hostasininovy hostasinin A Lycoris™

4.2 Biologicka aktivita

Jak jiz bylo uvedeno v predchazejicim textu, biologicka aktivita téchto latek je velice
Sirokd. Prace, na které jsem se vramci mého studia podilela, byla zaméfena na inhibici
cholinesteras a propyloligopeptidasy. Z tohoto divodu budou v této ¢asti podrobné rozebrany
biologické aktivity Amaryllidaceae alkaloidd, souvisejici s jejich potencidlnim  vyuzitim
v terapii AD.

Vyzkumu biologické aktivity alkaloidi Celedi Amaryllidaceae je vénovano velké
mnozstvi praci. Postup je vzdy podobny a ne jinak je tomu i vnasi laboratofi Zacind se
obwykle piipravou sumarniho alkaloidniho extraktu a testovanim jeho biologické aktivity.
Nasleduyje vybér vhodnych rostlin pro fytochemick¢ studie na zikladé vysledkd
screeningovych studil. V rdmci fytochemickych praci jsou izolovany latky v Cistém stavu.
Nasleduje jejich identifikace za vywzti fyzikdiné-chemickych metod (pfedevsim 1D-, 2D-
NMR, MS, HiRes-MS apod.). Cisté a identifikované latky jsou poté opdt podrobeny
biologickym testim. Abychom se vyhnuli izolaci latek, které jsou sice ucinné, ale jiz zndmé
(ptedevsim galanthamin u inhibice cholinesteras), nebo jiz byly vnasi laboratofi izolovany,
screening alkaloidnich extraktii na jejich mhibici vi¢i AChE a BuChE je vzdy doprovazen
GC-MS analyzou téchto extrakti a identifikaci jednotlivych slozek. Na ziklad¢ analyzy
vSech vysledkil (inhibicni aktivita, GC-MS analyza, dostupnost rostlinného materialu a jeho
cena) jsou vybrany rostliny vhodné pro fytochemické studie. V ramci téchto screeningovych
studii bylo v souvislosti s pfedlozenou dizertaéni praci studovano 17 riznych druhti rostlin
této Celedi zhlediska mhibicni aktivity wiici AChE tak BuChE. Vysledky téchto testll jsou
shrnuty ~ vnasledujici  tabulce s uvedenim biologické aktivity alkaloidnich — extrakth
testovanych rostlin (Tabulka 3). Vsechny testované extrakty byly podrobeny GC-MS
analyzZam a pro fytochemické prace byly, na zikladé zvazeni vSech experimentdlnich a
literarnich Udajt, vybrany 2 druhy rostlin celedi Amaryllidaceae: jmenovit¢ Zephyranthes
robusta Baker a Chlidanthus fragrans Herb. Duleztou roli pfi vybéru hrala i skute¢nost, Ze

jim zhlediska fytochemie nebyla doposud veénovana velka pozornost. Pro ilustraci jsou na
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obrazcich (Obrazek 3 a Obrazek 4) uvedeny GC-MS analyzy s identifikaci jednotlivych pika

u vybranych rostlin pro izolacni prace.

Tabulka 3. Inhibiéni aktivity vybranych alkaloidnich extraktt rostlin ¢eledi Amaryllidaceae
vici lidské erytrocytarni acetylcholinesterase (HUAChE) a lidské sérové butyrylcholiesterase

(HuBuChE) testovanych Vv ramci vlastni dizertani prace.

I1Cs0, HUAChE 1Cs0, HUBUChE

Rostlina (ng.ml™) (ng.ml™) Cit.
Chlidanthus fragrans Herb. 20,1 £2.9 136,8 £ 6,9 88,89
Narcissus lobularis Schult. 389,5 £212 280,3 £ 23,1 104
Narcissus nanus Steud. 38 +0,8 68,0 £5,7 104
Narcissus poeticus var. recurvus P. D.
Sell 6,0 £0,1 23.0+1,0 90
Narcissus pseudonarcissus cv. Sir W.
Churchil 230+£52 413+ 64 104
Narcissus pseudonarcissus cv. W. P.
Milner 2,7 £0,5 23,1 £2.1 104
Nerine bowdenii Watson 879 +3,5 14,8 £ 1,1 123
Nerine filamentosa W. F. Barker 216 £ 1,1 13,0 £0,7 90
Nerine filifolia Baker 18,5 £ 0,8 586 +1,3 90
Nerine undulata Herb. 143 £12 339+19 113
Scadoxus multiflorus Raf. 315,5 £ 10,5 543 +£3,1 113
Sprekelia formosissima Herb. 209,7 £5.6 > 500 113
Sternbergia lutea Ker Gawl. 469.8 £52 37+0,1 90
Zephyranthes candida Herb. 216,1 £ 89 89+09 124
Zephyranthes citrina Baker 106,8 £ 6,5 1042 £7,5 124
Zephyranthes grandiflora Lindl. 39,2 +£3,0 356,0 £9,3 125
Zephyranthes robusta Baker 359 +3,5 1909 £ 82 126,127
ICso” Galanthamin® 1,71 £ 0,06 423+13 104
ICso” Huperzin A” 0,03 £ 0,00 > 500 104

%(uM), ° Refenéni latka
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4.2.1 Inhibice cholinesteras

Uvedeni galanthaminu na trh znamenalo pro pacienty vyznamny posun v lé¢bé AD.
Tato litka byla na trh uvedena v roce 2001 pod nizvem Reminyl®. Galanthamin je
selektivnim inhibitorem AChE, vi¢i BuChE nevykazuje piilis velké inhibicni uCinky. Vedle
inhibice  AChE navic allostericky moduluyje nékteré formy nikotinovych receptort, ¢imz
potencuje cholinergni transmisi. Od zavedeni této latky do praxe je v€novana védeckou
komunitou zvySena pozornost i dalsim alkaloidim c¢eledi Amaryllidaceac. Byla izolovana
fada latek, které byly podrobeny biologickym testim a u nékterych byly pfipraveny a
testovany 1 polosyntetické derivaty.

Ve welké casti publikovanych studi, byly k biologickému testovani pouzity enzymy
nehumanniho ptvodu. V piipadé AChE je pouzivana piedev§im komeréné dostupna AChE
z elektrického thote, nebo izolovana z mySich mozkd. BuChE je nejCastéji pouzivana také
komer&ng dostupnd a to z koiského séra®®128. V nasi laboratofi jsou v ramei studii vyuzivany
lidské enzymy (erytrocytarni AChE a sérova BuChE)3%123126.127:129 7 qivodu ziskani co
mozna nejvySsi vypovidaci hodnoty o schopnosti inhibice cholinesteras testovanych latek.
Tyto enzymy jsou piipravovany pifimo na naSem pracovisti z krve dobrovolnych dérct.
Z literatury je patrné, Z¢ i vysledky inhibiéni aktivity galanthaminu se 1iSi pfi pouzti AChE
Z elektrického hofe v porovnani s lidskym enzymem®®*2°,

Ackoli Amaryllidaceae alkaloidy maji mnoho zistupcti strukturnich typt, Schopnost
inhibice cholinesteras je V literatufe spojovana predevs§im s galanthaminovym a lykorinovym
strukturnim typem. Jak bylo zminéno vysSe, galanthamin byl poprvé izolovan z Galanthus
woronowii Losinsk. vroce 1952 a pozd¢ji zmnoha dalkich rostin a rodu celedi
Amaryllidaceae. Soucasné¢ byl izolovan zrostlin jnych celedi, zde ale jeho obsah
neptekraduje 0,01%3C.

Galanthamin je terciarni alkaloid a pro jeho vazebné schopnosti k AChE nachazime v
molekule ¢tyfi kliova mista - hydroxylova skupina cyklohexenového kruhu, cyklohexenovy
kruh, tercidirni ammoskupma a methoxyskupina. Zménou riznych aspekti na téchto
klicovych mistech je mozmo modulovat U¢inek molekuly, ¢i pozorovat zménu u jnych
alkaloidd téhoZ strukturniho typu®*C.

Obménou methoxyskupiny a terciarni aminoskupiny lze piipravit derivaty s mnohem
vy$$i inhibicni aktivitou. Bohuzel, polarita téchto molekul Casto neumoziiuje prinik pies
hematocefalickou baricrou (HEB) a tudiz jejich potencidlni vyuzitelnost v 1écbe

neurodegenerarivnich  chorob neni vysoka. Vlv zamény methoxyskupiny je dobie
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pozorovatelny u jiného alkaloidu galanthaminového typu — sanguininu, izolovaného napf.
zLeucojum aestivum®!. V molekule nachizime misto methoxyskupiny hydroxyskupinu.
Jeho inhibiéni aktivita je 10 krat vyssi vporovnani s galanthaminem®. Podobny jev jako u
sanguininu, muzeme pozorovat u nékterych N-derivati galanthaminu, kdy je methylskupina
dusiku nahrazena allylem napf. N-allylnorgalanthamin, N-(14-methylallyl)-
norgalanthamin)*®2. Tyto alkaloidy byly prozatim izolovany pouze z Leucojum aestivum®?® a
v pipadé N-allylnorgalanthaminu i z Lycoris guangxiensis**®. Jejich schopnost inhibice
AChHE je az 5 krat vyssi nezli galanthaminu. Nevyhodou téchto latek a uvedeného sangumninu
je, vedle jejich nizStho distribuéniho koeficientu, také nizkd dostupnost v biologickém
materialu ve srovnani s galanthaminem.

Druhym dullezitym mistem pro vazbu galanthaminu je tercidrni aminoskupina.
Epinorgalanthamin, ktery terciarni aminoskupinu zcela postrada, vykazuje az 10 krat nizsi
inhibiéni  aktivitu®®.  Jako potencionalné slbné molekuly, Voblasti semisyntetickych derivatl
ptirodnich latek, se prozatim ukazuji nekteré N-substituované derivaty galanthaminu, kde je
nadéjnym zastupcem N-butylkarbamat galanthaminu. Jeho toxicita je nizi, neZ toxicita
galanthaminu, prochazi hematocefalickou bariérou a navic in vitro testy na inhibici AChE
prokdzaly  aktivitu  vhodnot®  85%  inhibice  galanthaminu'®*.  Dali  alkaloidy
galanthaminového  typu  potvrzuji  dulezitost  vySe  zminénych  kliCovych  mist
galanthaminového  skeletu. Lykoramin i epinorlykoramin postradaji dvojnou vazbu
cyklohexenového kruhu, coz pravdépodobné také zpusobuje ztratu jejich inhibi¢ni aktivity.

Za zajimavou latku byl zpohledu inhibice AChE povazovan chlidanthin.
V predchazejicich fytochemickych studiich byl identifkovan pomoci GC-MS v cibulich
vrostling Zephyranthes concolor’®®, zniz byl také vroce 2011 izolovan a detailnd popsan
zpohledu jeho struktury, absolutni konfigurace a inhibice vidi AChE (elektricky thot)!3®.
V nasich studiich byl identifkovan pomoci GC-MS metody vcibulich Chlidanthus
fragrans®®. Z této rostliny byl nasledng i izolovan spoleénd s dalimi deseti alkaloidy?®®. Tato
latka je polohovym izomerem galanthaminu, vnémZ jsou vzijemné zaménény pozice
hydroxy- a methoxyskupiny. Bohuzel jak naSe, tak i studie autort zroku 2011 shodné
ukézaly vyrazné niAi schopnost inhibice AChE této ltky ve srovnani s galanthaminem®®:13°,

Druhou strukturni skupinou téchto alkaloidd, které prokazaly jistou aktivitu vici
cholinesterasam, jsou alkaloidy lykorinového typu. Je popsano, ze klicovou roli tohoto
strukturniho typu hraje derivatizace na atomech C-1 a C-2, které urCuji prostorové usporadani
molekuly. Lykorin ma na téchto mistech hydroxyskupiny a sam o sob¢ inhibicni aktivitu
nevykazuje, ale jeho 1-O-acetylderivat je podle literarnich udaju 2 krat aktivn&j$i nez
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galanthamin?®. V pfipadé acetylace v poloze C-2, stejnd jako u dvojnisobné acetylace
vpolohich C-1 a C-2, dochdzi ke ztrat¢ aktivity. Na zdklad¢ téchto studii, je povaZovana
poloha C-1 u lykorinového strukturniho typu za dilezitou Votazce schopnosti inhibice AChE

téchto latek®®?®. To bylo potvrzeno i pripravou celé fady polosyntetickych analog
lykorinu®®-137.

HsCO

R4=H, R,=OCHj3 galanthamin
R4=H, R,=OH sanguinin
R4=CHsj, R,=OH chlidanthin
R4=0OH, R,=H lykoramin

N-allylnorgalanthamin

R= N-(14-methyl)norgalanthamin

OCH,

R4=H, Ro,=H lykorin
R4=Ac, Ry=H 1-O-acetyllykorin hippeastidin
R1=Ac, Ry=Ac 1,2-Di-O-acetyllykorin

Obrazek 5. Alkaloidy celedi Amaryllidaceae s inhibicni aktivitou vici AChE.

Ostatni strukturni typy nevykazuji podle literarnich udaji vyznamnou aktivitu vaci
cholinesterasam. Krininovy typ je v nékteré literatufe délen na krinanovy (resp. a-krinanovy)
a hemanthaminovy (resp. [-krinanovy) podle prostorové orientace 5,10b-ethanového
mistku*?®, V inhibicni aktivitd molekul by tento jev nemsl hrat rolit?®*3®, V nagi laboratofi se
ale oproti témto tvrzenim podafilo izolovat alkaloidy tohoto strukturntho typu se zajimavou,
dosud nepopsanou inhibiéni aktivitou. Jedna se o 8-O-demethylmaritidin a hippeastidin
izolované zcibuli Zephyranthes robusta'®®. Dali latkou tohoto strukturnho typu je
undulatin, ktery byl izolovan zcibuli Chlidanthus fragrans a vykazal, spole¢né s 8-O-
demethylmaritidinem, zajimavou mhibiéni aktivitu vi¢i AChE, ktera byla sice asi 10 nizsi
nez u galanthammnu, ale ukazalo se, ze i tato strukturni skupina alkaloidd je do jist¢ miry
schopna inhibice AChE®®. Inhibiéni aktivity a struktury latek zmindnych v pfedchazejicim
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textu, jsou uvedeny na nasledujicim obrazku (Obrazek 5) a v tabulce (Tabulka 4). Ostatni
izolované a testované latky zrostlin Zephyranthes robusta a Chlidanthus fragrans (vyjma
galanthaminu, ktery je jiz vywzivan vterapii AD) bohuzel nevykazaly takovou aktivitu vici
AChE, aby mohly byt povazovany za potencialné vywsitelné vterapii AD ¢i dalsich
neurodegenerativnich onemocnéni®®2°.

Ackoli inhibice BUChE se zd4 byt Zadanou aktivitou téchto latek, byla testovana zatim
u malého mnozstvi alkaloidii celedi Amaryllidaceae a tyto studie vychazeji pouze znasi

89126 Prozatim neni moxmé formulovat vztah mezi strukturou molekuly a jeji

laboratote
schopnosti inhibice BuChE, piedev§im z divodu, Ze se nam zatim nepodafilo izolovat latku
ztéchto rostlin, ktera by se vyznaCovala vyraznou schopnosti inhibice BUChE i kdyz nékteré
alkaloidni extrakty téchto rostlin vykazovaly velmi slibnou mnhibiéni aktivitu vici tomuto
enzymu. V literatufe je mozno dohledat prace zabyvajici se mnhibi¢ni aktivitou alkaloidd vaci
BUuChE, vzdy se ale jednalo o jiné strukturni typy (pfedevsSim steroidniho strukturniho typu

zCeledi Buxaceae) a vSechny testy byly provedeny na komeréné dostupné BuChE

Z konského séra

139,140,141

Tabulka 4. Inhibi¢ni aktivity vybranych alkaloidi vii¢i cholinesterazam.

|C50 AChE |C50 BuChE

Alkaloid Strukturni typ (uM) (uM) Cit.
sanguinin galanthaminovy 0,10 £0,01 - 68
galanthamin* galanthaminovy 1,07 £0,18 433+13 68,126
11-hydroxygalanthamin galanthaminovy 1,61 £0,21 - 68
N-allylnorgalanthamin galanthaminovy 0,18 - 132
N-(14-methylallyl)- galanthaminovy 0,16 - 132
norgalanthamin
chlidanthin* galanthaminovy 147 £ 6 422 + 15 89
epinorlykoramin galanthaminovy > 500 - 68
lykoramin galanthaminovy > 500 > 500 68,126
lykorin* lykorinovy > 500 neaktivni 68,839,126
1-O-acetyllykorin lykorinovy 0,96 + 0,04 - 128
1,2-di-O-acetyllykorin Tykorinovy 21T £ 10 - 128
2-O-acetyllykorin lykorinovy > 500 - 128
8-O-demethylmaritidin* krininovy 28,0 £0,9 neaktivni 126
hippeastidin* krininovy 99,7+4,1 900,0+35,0 126
undulatin* krininovy 230+10 neaktivni 89

* jzolace v nasilaboratofi v ramci feSené dizertaéni prace
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4.2.2 Inhibice propyloligopeptidasy

Zajimavym terapeutickym cilem a pomocnou lécbou u pacienti s AD by mohla byt
inhibice propyloligopeptidasy (POP). POP je cytosolova serinova peptidasa, ktera $tépi malé
peptidy obsahujici aminokyselinu prolin. Stépeni probihd na karboxy-konci prolinovych
zbytkl. Substraty tohoto enzymu jsou napiiklad substance P, vazopresin, ¢i nékteré
neuropeptidy. Pravé ty jsou znamy svou funkci modulatord kognitivnich funkci a jejich
degradace prostrednictvim POP miize urychlovat proces starnuti a piipadné hrat roli pfi

neurodegenerativnich onemocnénich*2.

V poslednich letech inhibice POP pfitahuje pozornost pii terapii schizofrenie,
bipolarni afektivni poruchy, ¢i kognitivnich poruch. Pravé ty se vyskytuji u pacienti trpicich
AD. Nékteré inhibitory POP se ukazaly efektivnimi K&ivy demenci'®®, a tudiz by mohla byt
inhibice POP vyuzita jako podptirna 1écba v terapii AD.

Ve spolupraci s Centrem pokrocilych studii Fakulty vojenského Ikatstvi v Hradci
Kralové, Univerzity obrany vBmé byly testovany alkaloidy izolované z Chlidanthus
fragrans. Zajimavou latkou pro tento typ aktivity se prozatim jevi undulatin (ICso = 1,96 +
0,12 mM), (Obrazek 6) ktery jako jediny ztestovanych latek vykazal relativné dobrou
aktivitu blizici se aktivit¢ pouzittho standardu baikalinu (ICsp = 0,61 + 0,02 mM).
Terapeuticky uZivany galanthamin tuto aktivitu postrédésg. Posledni latky, které¢ byly
nejnovéji testovany, jsou galanthin a 9-O-demethylgalanthin (Obrazek 6), obé& izolované
zcibuli Zephyranthes robusta. Tyto latky v biologickych testech na jejich inhibi¢ni schopnost
Vici cholinesterasam byly zcela neaktivni (ICsp ache, Buche > 500 pM), ale v testech vici POP
(ICs0:gatanthin = 1,49 + 0,14 mM; IC50:9-0-demethylgalanthin = 0,15 + 0,02 mM) vykazaly zajimavou
aktivitu, predevsim 9-O-demethylgalanthin, ktery byl 4 krat aktivngjsi inhbitor POP nez
pouity standard baikalin'?®. Pro formulaci uréitého zavéru, ktery strukturni typ tSchto latek
¢i strukturni detail molekuly je odpovédny za tuto schopnost, je potieba otestovat SirSi
spektrum latek. 'V souCasnosti jsou ve fazi studii zbyvajici alkaloidy izolované ze
Zephyranthes robusta a alkaloidy izolované zdalSich rostlin celedi Amaryllidaceae, kterym
je zfytochemického hlediska vénovana pozornost na katedie farmaceutické botanky a

ekologie. Jedna se o rostliny Nerine bowdenii a Narcissus pseudonarcissus cv. Pink Parasol.
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O
\OCH
OCH; W
@)
$ \
R=0OCH3; galanthin undulatin

R=0OH 9-0O-demethylgalanthin

Obrazek 6. Alkaloidy izolované z Celedi Amaryllidaceae s inhibi¢ni aktivitou vici POP.
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5. ZAVER

Ptirodni latky jsou skupmou velmi slozitou uz proto, Ze jejich zdrojem je zivy
organismus. V zivych organismech jsou vztahy mezi jednotlivymi latkami a dé&ji velmi
komplikované a dovoluyji si fict, Ze doposud odhalené jen z velmi malé ¢asti Biologicka
aktivita zkoumana izolovan¢ bez vztahu K ostatnim podminkam, litkdm a aktivitim
vorganismu je sice velmi ddlezitym a piinosnym zjiténim, slouzi ale jen jako jakysi
odrazovy mistek pro ziSténi charakteru dané latky, kterd ma byt néjakym zplisobem
terapeuticky prospésna. Je proto dulezité stanovit aktivitu v riznych oblastech a mozné
ucinky propojit, aby terapeuticky uzitek mohl byt co nejvetsi.

Jak jiz bylo uvedeno, alkaloidy celedi Amaryllidaceae jsou strukturné jedinecné a
biologicky velmi zajimavé latky. Pii svém studiu jsem se zabyvala piedev§sim jejich nhibicni
aktivitou vici lidskym cholinesterasam. Tato aktivita, jakkoli se mize zdat jiz prozkoumana a
vycerpana, je velmi dilezitd predevSim pro klinické pouziti pti é¢beé AD. PredevSim je
potfeba rozsitit portfolio latek, které budou otestovany na mhibici BuChE (a tim najit latky
sdualni aktivitou), a také tyto latky testovat na dalsi biologické aktivity souvisejici
s neurodegenerativnimi chorobami. V souvislosti s timto faktem byly nckteré izolované latky
testovany vramci spoluprace na jejich hibicni aktivitu vici POP. Vzhledem k izolaci
nékterych latek v dostatecném mnoZzstvi, které umoziuje piipravu polosyntetickych derivat
je zde dalki moznost, jak rozsifit portfolio testovanych latek. V pifpadé lykorinu jiz tyto
derivaty byly pfipraveny a testovany a nékteré znich se vyznaCovaly zajimavou aktivitou
vici BUChEY4. V nejblizi dob& se na katedfe farmaceutické botaniky a ekologie planuje
zavedeni biologickych testi, kter¢é by mohly byt potencialné vyuzitelné¢ v terapii AD. Jedna
se predevSim o inhibici enzymu GSK-3fB, ktery se uplatiiuyje v procesu hyperfosforylace t-
protemu a ma za nasledek destabilizaci mikrotubull, nasledné tvorbu neurofibrildrnich
klubek a v kone¢né fazi apoptozu neuronu***14¢147:148 Dyle se uvazuje i o zavedeni inhibice
vici BACE-1, kterd ma za nasledek tvorbu alzheimerovskych plak, kterd jsou mistem dalsi

toxicity a neurodegenerace!*®1°0-151:152,

O téchto biologickych aktivitach alkaloidii Celedi
Amaryllidaceae neni v literatufe prozatim nic zndmo.

Vzhledem ke skutecnosti, Ze tato prace byla zbiologického hlediska vénovana testim
souvisejicim s AD, by byla Skoda se alesponn zavérem nezminit o dalsi biologické aktivite,
kterou se vyznacuji tyto alkaloidy. Jednd se o protinddorovou aktivitu indukci apoptozy.
Velkou vyhodou téchto latek je znacnd selektivita k nddorovym bunkam a nizka toxicita

k butkam zdravym a klidovym'®®. Tato biologicka aktivita, stejné jako v piipadé inhibice
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AChE, je spojena surCitym strukturnim typem téchto latek. Vtomto piipade
nejzajimaveéj$imi  latkami jsou lykorin (lykorinovy typ) a pankratistatin (pankratistatinovy
typ), jejichz protinidorova aktivita byla prokdzina na celé fadé bunsénych Inii'®3. Ve
spolupraci s Katedrou biologickych a biochemickych véd, Fakulty chemicko-technologické,
Univerzity Pardubice byl objasnén mechanismus uU¢inku u alkaloidd haemanthaminu a
haemanthidinu v ptipadé T-lymfoblastové leukemie Jurkat, které byly izolovany vramci této
dizertatni prace zcibuli Zephyranthes robusta. Bylo zisténo, Z¢ dochazi k vyznamnému
ubytku bun€k v S fizi a jejich hromadéni v Gl fazi bunééného cyklu. Buiky se nejsou
schopné dostat pies vlastni replikaci DNA*.

Zuvedenych a diskutovanych divodl alkaloidy celedi Amaryllidaceae do
budoucnosti ur¢it¢ zistanou zajimavym tématem, kde je dostateCny prostor pro dalsi
védeckou praci 1 kdyz se nckdy objevuyji nazory, Ze tyto latky jiz byly dostatecné

prozkoumany.
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6. ABSTRAKT

Univerzita Karlova v Praze, Farmaceuticka fakulta v Hradci Kralové
Katedra farmaceutické botaniky a ekologie

Kandidat: Mgr. Andrea Krejéi, roz. Kulhankova

Skolitel: Ing. Lucie Cahlikova, Ph.D.

Nézev disertacni prace: Alkaloidy vybranych druhii ¢eledi Amaryllidaceae, jejich toxicita

a biologicka aktivita (in vitro studie) I.

Klickova slova: AD, Amaryllidaceae, AChE, BuChg, POP, Zephyranthes robusta,

Chlidanthus fragrans.

Cibule rostlin Zephyranthes robusta a Chlidanthus fragrans byly vybrany pro
fytochemické prace na zikladé rozsahlé bio-guided studie za vyuzti spektrofotometrické
Ellmanovy metody a GC-MS analyz alkaloidnich extraktti jako zdroj biologicky aktivnich
Amaryllidaceeae alkaloidi. Cibule byly extrahovany ethanolem a sumarni extrakt byl
separovan pomoci sloupcové chromatografie za vyuzti ALOs jako stacionarni faze a
stupiiovit¢ eluce chloroform — ethanol. Sloupcova chromatografie, preparativni TLC a
krystalizace vedly kizolaci Cistych latek. Chemicka struktura té€chto latek byla urCena na
zékladé MS a 1D- a 2D-NMR analyz.

Z Cerstvych cibuli  Chlidanthus fragrans bylo izolovano 11 alkaloidd, z nichz
deoxypretazzetin, belladin, 3-epimakronin, ismin, undulatin, buphanisin a ambellin byly
zrodu Chlidanthus izolovany poprvé. Latky byly testovany na schopnost inhibovat lidskou
AChE, BUChE a POP. Zcibuli Zephyranthes robusta bylo izolovano 14 alkaloidti riznych
strukturnich typd. Galanthamin, 3-epimakronin, hippeastidin, lykoramin, galanthin, tazettin,
vittatin, 11-hydroxyvittatin, hammayn, 8-O-demethylmaritidin a 9-O-demethylgalanthin  byly
izolovany  poprvé  ztohoto  druhu, alkaloidy 3-epimakronin, hippeastidin, 8-O-

demethylmaritidin a 9-O-demethylgalanthin byly ziskany poprvé zrodu Zephyranthes. Latky
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byly testovany na jejich schopnost inhibice lidské AChE a BuChE, 9-O-demethylgalanthin
také na nhibici POP.

Cholinesterazova inhibi¢ni aktivita byla stanovena in vitro spektrofotometrickou
modifikovanou Ellmanovou metodou. Inhibice POP byla stanovena za vyuzti Z-Gly-Pro-p-
nitroanilidu jako substratu. Z testovanych latek je moZzné za zajimavé povazovat vedle
galanthaminu, ktery je jiz vterapi AD vyuwzivan, undulatin, 8-O-demethylmaritidin,
galanthin a 9-O-demethylgalanthin. Undulatin, alkaloid krininového strukturniho typu,
inhiboval AChE v koncentraci ICso = 23,2 + 1,1 uM a 8-O-demethylmaritidin, alkaloid
stejné¢ho strukturniho typu, v koncentraci ICsp = 28,8 £ 0,9 uM. Bohuzel, zadny z testovanych
alkaloidli nevykazoval zajimavou aktivitu vi¢i BuChE. Slibné vysledky byly zaznamenany
vpiipadé¢ inhibice POP. Nejaktivnéj$i byly undulatin (ICso = 1,96 += 0,12 mM) a dva
alkaloidy lykorinového strukturntho typu: galanthn (ICso = 1,49 + 0,14 mM) a 9-O-
demethylgalanthin (ICso = 0,15 + 0,02 mM), ktery vykazal 4x vy$$i inhibici, neZ pouZity
standard baikalin (1Cso =0,61 = 0,021mM).
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Supervisor: Ing. Lucie Cahlikova, Ph.D.

Title of Doctoral Thesis: Alkaloids from selected species of Amaryllidaceae family, their

toxicity and biological activity (in vitro study) I.

Keywords: AD, Amaryllidaceae, AChE, BuUChg, POP, Zephyranthes robusta, Chlidanthus

fragrans.

Zephyranthes robusta and Chlidanthus fragrans bulbs were chosen for phytochemical
study as biologically active Amaryllidaceae alkaloids source, based on bio-guided study
using spectrophotometric Ellman’s method and GC-MS analysis of alkaloid extracts. Bulbs
were extracted with ethanol and the summary extract was fractionated by column
chromatography with the use of ALO3; as a stationary phase and gradient elution chloroform —
ethanol. Column chromatography, preparative TLC and crystallisation led to isolation of pure
compounds the chemical structure of which was elucidated by MS and D1- and D2-NMR
analyses.

From fresh bulbs of Chlidanthus fragrans 11 alkaloids were isolated of which
deoxypretazzetine, belladine, 3-epimakronine, ismine, undulatine, buphanisine and ambelline
were reported for the first time from the genus Chlidanthus. Compounds were evaluated for
their human AChE, BuChE and POP inhibitory activity. From Zephyranthes robusta bulbs 14
alkaloids of sewveral structural types were isolated. Galanthamine, 3-epimakronine,
hippeastidine, lykoramine, galanthine, tazettine, vittatine, 11-hydroxyvittatine, hammayne, 8-
O-demethylmaritidine and 9-O-demethylgalanthine were reported for the first time from this
species and alkaloids 3-epimakronine, hippeastidine, 8-O-demethylmaritidine and 9-O-

demethylgalanthine were isolated for the first time from the genus Zephyranthes. All
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compounds were tested for their human AChE and BuUChE inhibitory activity, with 9-O-
demethylgalanthine there was also determined POP inhibitory activity.

The cholinesterase inhibitory activity was determined by in vitro spectrophotometric
modified Ellman’s method. Inhibition of POP was determined with the use of Z-Gly-Pro-p-
nitroanilide as a substrate. Besides galanthamine which is already used in therapy of AD
undulatine, 8-O-demethylmaritidine, galanthine and 9-O-demethylgalanthine were considered
as promising among the tested compounds. Undulatine — an crinine type alkaloid — inhibited
AChE in conentration of ICso = 23.2 £ 1.1 pM, 8-O-demethylmaritidine — alkaloid of the
same structural type — in concentration of 1Csp = 28.8 £ 0.9 uM. Unfortunately none of the
tested alkaloids showed significant inhibition of BuChE. Promising activities were, however,
achieved in the inhibition of POP study. The most active were undulatine (ICso = 1.96 + 0.12
mM) together with two alkaloids of lycorine structural type: galanthine (ICso = 1.49 + 0.14
mM) and 9-O-demethylgalanthine (ICso = 0.15 + 0.02 mM), which showed 4 times higher
activity compared to used standard baikaline (ICso=0.61 £ 0.021mM).
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Eleven Amaryllidaceae alkaloids (1-11) were isolated from fresh bulbs of Chlidanthus fragrans Herb. The chemical structures were elucidated by MS, and
1D and 2D NMR spectroscopic experiments. Complete NMR assignments were achieved for deoxypretazzetine (1). All compounds were evaluated for their
erythrocytic acetylcholinesterase and serum butyrylcholinesterase inhibition activity using Ellman’s method. In the prolyl oligopeptidase assay, Z-Gly-Pro-p-
nitroanilide was used as substrate. In biological assays, only the crinine type Amaryllidaceae alkaloid undulatine showed promising acetylcholinesterase and
prolyl oligopeptidase inhibition activity with ICs, values of 23.0 £ 1.0 uM and 1.96 + 0.12 mM, respectively. Other isolated compounds were considered

inactive.
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Plants of the Amaryllidaceae are known to produce structurally
unique alkaloids with a wide range of interesting physiological
effects, including antitumor, antiviral, acetylcholinesterase
inhibitory and immunostimulatory activities [la-1d]. These
alkaloids are restricted to this family and are best known due to
galanthamine, a selective and reversible inhibitor of
acetylcholinesterase that increases the levels of acetylcholine (ACh)
in the brain, and used, therefore, in the treatment of Alzheimer’s
disease (AD).

AD is the most predominant cause of dementia in the elderly,
affecting more than 20 million people worldwide and it is estimated
that this figure will increase to 114 million by 2040 [2a]. AD is the
fourth leading cause of death for people over 65 years in Western
industrial countries and is becoming more and more common. In
other words, increased life expectancy is directly related to the
increasing number of elderly people and consequently proportional
to the rising number of senile disorders, including
neurodegenerative diseases. The etiology of AD is still unknown,
but postmortem studies have shown two characteristic pathologic
hallmarks, senile plaques (SPs) and neurofibrillary tangles (NFTs).
SPs are an extracellular accumulation of beta-amyloid (AB)
surrounded by dystrophic neurites and microglia. A originates
from the proteolysis of the amyloid precursor protein (APP) through
sequential cleavage by beta-site amyloid precursor protein-cleaving
enzyme 1 (BACE-1, B(-secretase) and y-secretase [2b]. In AD
patients, deficit of the neurotransmitter acetylcholine in the cortex
results in deterioration of the level of cholinergic functions, and this
is responsible for the memory impairments [2c]. The principal role
of acetylcholinesterase (AChE) is the termination of nerve impulse
transmission at the cholinergic synapses by rapid hydrolysis of
ACh. However, not only AChE participates in the cholinergic

regulation of the central nervous system (CNS) in humans, but also
another enzyme, butyrylcholinesterase (BuChE), which is able to
hydrolyze ACh, as well as other esters [2d]. BuChE is associated
with the NFTs and SPs and its activity increases in the AD brain,
where it co-localizes with AB fibrils [2¢]. In severe AD, levels of
AChE and choline acetyltransferase are decreased by as much as
90% compared with normal stage, while the concentration of
BuChE increases [2f]. This fact has targeted BuChE as a new
approach to affect the progression of AD. Therefore, research into
new inhibitors with dual enzymatic activity is required. Currently,
acetylcholinesterase inhibition is the most used therapeutic
treatment for the symptoms of AD [2g].

Prolyl oligopeptidase (POP) is a cytosolic serine peptidase that
hydrolyzes small proline-containing peptides at the carboxy
terminus of proline-residues such as vasopressine, substance P, and
thyrotropin-releasing hormones that are involved in the process of
learning and memory [3a-3b]. These neuropeptides are known to be
important modulators in cognitive functions, and degradation of
these peptides by POP may accelerate the aging process and
possibly be involved in age-related neurodegenerative diseases [3c].
In recent years, POP has gained importance as a target for the
treatment of schizophrenia (SZ), bipolar affective disorder (BD) and
cognitive disturbances, such as those present in AD, mainly due to
its involvement in the metabolism of inositol-1,4,5-P3 (IP;), which
is a key molecule in the transduction cascade of neuropeptide
signaling. Some inhibitors of POP have been found to be potent
antidementia drugs [3d-3e], and, therefore, the inhibition of POP
could be an important supporting tool in the treatment of AD.

The genus Chlidanthus includes ten species of tender bulbs from
tropical South America, mostly native to the Andes. The botanical
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name of Chlidanthus fragrans comes from the Greek, meaning
‘delicate flower’ [4a]. Previous phytochemical study resulted in the
isolation of four main alkaloids, galanthamine, chlidanthine,
lycorine and tazettine [4b-4c]. Our previous GC/MS investigation
of the alkaloid extract of this species led to the identification of
fifteen alkaloids belonging to five structural-types of
Amaryllidaceae alkaloids, and this extract showed interesting
acetylcholinsterase inhibition activity, with an ICs, value of 20.1 +
2.9 uM [4d].

The important bioactivities of the Amaryllidaceae alkaloids,
together with the absence of a current phytochemical study of Ch.
fragrans, encouraged us to examine this species. Here we report the
isolation and identification of eleven Amaryllidaceae alkaloids from
the bulbs of Ch. fragrans. Extensive chromatographic purification
afforded the previously known alkaloids deoxypretazettine (1),
belladine (2), 3-epimacronine (3), ismine (4), undulatine (5),
buphanisine (6), tazzetine (7), galanthamine (8), chlidanthine (9),
ambelline (10) and lycorine (11). The isolated alkaloids belong to
the galanthamine (8 and 9), tazettine (1, 3 and 7), crinine (5, 6 and
10), lycorine (11), belladine (2) and narciclasine (4) structure types.
The structures were determined by comparison of their MS and
NMR spectra, and physical properties with literature values.
Alkaloids 1-6 and 10 are reported for the first time for the genus
Chlidanthus. Lycorine (11), tazzetine (7), ambelline (10),
galanthamine (8), undulatine (5), belladine (2) and ismine (4) are
common Amaryllidaceae alkaloids, which are synthesized by a
wide range of Amaryllidaceae species [4b, 5, 6]. Opposite to these
compounds, chlidanthine and deoxypretazettine are rare. The
structure of deoxypretazettine (1) was established in 1980, but only
limited '"H NMR spectroscopic data are available [7]. Here we
report the complete NMR assignments for deoxypretazzetine (1;
Figure 1), achieved through the use of two-dimensional NMR
techniques (COSY, gHSQC, gHMBC and ROESY). Chlidanthine
(9) is the second major compound of the studied plant species and
its chemotaxonomic marker. In previous phytochemical studies of
Zephyranthes concolor, Haemanthus multiflorus and Hippeastrum
aulicum, chlidanthine (9) was isolated only in small amounts
[8a-8c].

Figure 1: The structure and key gHMBC correlations of deoxypretazettine (1).

The isolated compounds were assayed for their inhibitory activity
against erythrocytic acetylcholinesterase (HuAChE), serum
butyrylcholineserase (HuBuChE) and prolyl oligopeptidase (POP)
(see Table 1). Galanthamine hydrobromide, huperzine A and
eserine were used as the positive controls in the HuAChE and
HuBuChE assays, and Z-Pro-prolinal and baicaline in the POP
assay. The strongest HuAChE and HuBuChE inhibition activity was
demonstrated by galanthamine (8), the hydrobromide of which is
approved for the treatment of AD as a long acting, selective,
reversible and competitive AChE inhibitor [2c, 9]. It is reported
that, among plants of the Amaryllidaceae, the AChE (electric eel)
inhibition activity in vitro is associated mainly with galanthamine
and lycorine type skeleta (with the exception of lycorine itself), but
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Table 1: HuAChE, HuBuChE and POP inhibitory activity of the tested Amaryllidaceae
alkaloids expressed as ICsy (n=4).

Alkaloid ICsp, HUAChE (uM)*  ICsg, HuBuChE (uM)*  ICso, POP (mM)*
Deoxypretazzetine (1) 609 + 20 628 £25 nm’
Belladine (2) 699 + 19 315+ 10 >1000
3-Epimacronine (3) 89+3 425+ 14 nm°®
Ismine (4) 82+4 170 £7 >1000
Undulatine (5) 23+1 >1000 1.96 +0.12
Buphanisine (6) 99 +4 >1000 nm®
Tazzetine (7) >1000 >1000 >1000
Galanthamine (8) 2+0 55+2 >1000
Chlidanthine (9) 147+ 6 422+ 15 >1000
Ambelline (10) 169+ 7 985 +£25 >1000
Lycorine (11) >1000 >1000 >1000
Eserine” 0.063 £ 0.001 0.13 +£0.004 nm®
Galanthamine® 1.71 4 0.06 423+13 nm°
Huperzine A® 0.033 +£0.001 >1000 >1000
Z-Pro-prolinal® nm° nm* 3.27E-6 £ 0.02E-6
Baicaline” nm® nm° 0.610 +0.021

“The data are means + standard deviations obtained from four independent
experiments; *Reference compounds, “nm: not measured.

not with the haemanthamine, homolycorine and tazettine classes [9,
10]. Lycorine type compounds are less active inhibitors than the
galanthamine type and their activity is associated with substitution
at positions C-1 and C-2 [9]. Regarding the galanthamine type
alkaloids, until now three more potent than galanthamine (8) have
been found. The loss of the methyl group at C-9, as in sanguinine,
leads to about a 10-fold increase of the AChE inhibitory activity [9].
The activity is completely lost in molecules of the galanthamine
type with hydrogenated C4-C4a double bonds (lycoramine and
epinorlycoramine). The existence of an intramolecular hydrogen
bond between the hydroxyl on C-3 and the oxygen of the
dihydrofuran ring of galanthamine (8) has been considered to play a
major role in its acetylcholinesterase inhibitory activity [11]. In the
case of chlidanthine (9), which is a positional isomer of
galanthamine, the ability to inhibit acetylcholinesterase is strongly
reduced (ICsy = 147 = 6 uM). Crinine type alkaloids are reported to
possess only weak inhibition activity. The haemanthamine and
crinine type alkaloids differ only in the position of the 5,10b-ethano
bridge, but it appears that the stereochemistry of this bridge has no
effect on the inhibition of AChE activity [10]. Contrary to these
conclusions, the HUAChE inhibition activity of undulatine (5, ICs,
=23 £ 1 uM) is interesting and, together with the results of the POP
assay, where only undulatine (5) possessed inhibition activity (ICso
=1.96 = 0.12 mM), which was comparable with that of the standard
baicaline (ICso = 0.610 = 0.021 mM), could make this an important
structure in the search and development of new active compounds
for the treatment of AD. Of the other crinine type alkaloids, 8-O-
demethylmaritide, which we previously isolated from Zephyranthes
robusta [12], also showed important HuAChE inhibition activity
with an ICsy value of 28.0 £ 0.9 uM. In the current study, 3-
epimacronine (3), ismine (4) and buphanisine (6) also showed some
HuACHE inhibition activity. According to their ICs, values, they are
only weak inhibitors in comparison with the used standards. The
other alkaloids were considered inactive. Unfortunately, the
obtained amounts of compounds 1, 3 and 6 were insufficient to
determine an ICsj in the POP assay.

As mentioned above, BuChE plays an important role in the late AD
stages, but only a limited number of Amaryllidaceae alkaloids have
been tested so far for their BuChE inhibition activity. Therefore, it
is impossible to draw conclusions on the influence of particular
functionalities on the BuChE inhibition activity of Amaryllidaceae
alkaloids as yet. In this study, only galanthamine (8) and the
narciclassine type alkaloid ismine (4) showed moderate HuBuChE
inhibition activity. A wider range of these compounds must be
isolated and tested first.
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In conclusion, Ch. fragrans is an important source of
Amaryllidaceae alkaloids with biological activities. Complete NMR
assignments were achieved for deoxypretazettine (1), through the
use of two-dimensional NMR techniques. Important HuAChE
inhibition activity was shown by the crinine type alkaloid
undulatine. This alkaloid also possessed POP inhibition activity
comparable with that of the used standard, baicaline. Some
alkaloids were isolated in amounts that will allow preparation of
new derivatives for biological assays. AChE and BuChE continue to
be attractive targets for rational drug design and discovery of
mechanism-based inhibitors for the treatment of AD. POP has been
suggested to play an important role in the biological regulation of
peptide hormones and is recognized to be involved in learning and
memory.

Experimental

Plant materials: The fresh bulbs of Ch. fragrans Herb. were
obtained from the herbal dealer Lukon Glads (Sadska, Czech
Republic). Botanical identification was performed by Prof. L.
Opletal, CSc. A voucher specimen is deposited in the herbarium of
the Faculty of Pharmacy in Hradec Kralové.

Materials: Acetylthiocholine iodide (ATChI), butyrylthiocholine
iodide (BuTChlI), eserine, prolyl oligopeptidase (POP) and its
substrate, Z-Gly-Pro-p-nitroanilide, were purchased from Sigma-
Aldrich, Czech Republic, galanthamine hydrobromide from
Changsha Organic Herb Inc., China, and huperzine A from Tai’an
zhonghui Plant Biochemical Co., Ltd., China. The red blood cell
ghosts used as a source of acetylcholinesterase (HuAChE), and
human plasma as a source of butyrylcholinesterase (HuBuChE)
were prepared in our laboratory.

General experimental procedures: NMR spectra were recorded for
CDCl; and THF-dg solutions at ambient temperature on a VNMR
S500 NMR spectrometer operating at 500 MHz for 'H and 125
MHz for ¥C. Chemical shifts were recorded as & values in parts per
million (ppm), and were indirectly referenced to tetramethylsilane
(TMS) via the solvent signal (7.26 ppm for 'H and 77.0 ppm for *C
for CDCls, and 3.30 ppm for 'H and 49.0 ppm for "*C for CD;0D).
Coupling constants (J) are given in Hz. For unambiguous
assignment of 'H and "C signals 2D NMR spectra (COSY,
gHSQC, gHMBC and ROESY) were measured using standard
parameter sets and pulse programs delivered by the producer of the
spectrometer. The EI-MS were obtained on an Agilent 7890A GC
5975 inert MSD operating in EI mode at 70 eV (Agilent
Technologies, Santa Clara, CA, USA). A DB-5 column (30 m x
0.25 mm x 0.25 pum, Agilent Technologies, USA) was used. The
temperature program was: 100 — 180°C at 15°C/min, 1 min hold at
180°C and 180 — 300°C at 5°C /min and 5 min hold at 300°C,
detection range m/z 40-600. The injector temperature was 280°C.
The flow-rate of carrier gas (helium) was 0.8 mL/min. A split ratio
of 1:10 was used. Optical rotation was measured on an ADP 220 BS
polarimeter, in either CHCI; or EtOH solution. TLC was carried out
on Merck precoated silica gel F,s4 plates, and silica gel 60 (Merck)
was used for CC. Compounds on the plate were observed under UV
light (254 and 366 nm) and visualized by spraying with
Dragendorff’s reagent.

Extraction and isolation of alkaloids: Fresh bulbs (6 kg) were
crushed and exhaustively extracted with EtOH (96% v/v, 2 x) at
room temperature for 48 h and the combined macerate was filtered
and evaporated to dryness under reduced pressure. The bulb crude
extract (350 g) was acidified to pH 2 with 2% HCI, defatted with
diethyl ether (4 x 300 mL), and alkalized to pH 9-10 with 25%
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ammonia. Then, the alkaloids were extracted with CHCl; (4 x 300
mL). The extract was evaporated under vacuum and tested for
alkaloids on TLC (silica gel 60; To: Et;,NH 95:5, 2 x). The extract
(6.5 g), which was Dragendorff positive, was further fractionated by
CC (aluminum oxide), eluting with light petrol gradually enriched
with CHCl; and then CHCI; enriched with EtOH. Fractions of 150
mL were collected and monitored by TLC; 6 main fractions
containing alkaloids were obtained (I-VI). Fraction I (260 mg) was
subjected to preparative TLC (To: Et,NH, 95:5) to give 2
subfractions Ia (50 mg) and Ib (120 mg). Both subfraction were
again subjected to preparative TLC (cHx: Et,NH, 9:1, 3 x) and from
Ia were isolated compounds 1 (2.6 mg) and 2 (15 mg), and from
subfraction Ib compounds 3 (5 mg) and 4 (18 mg). From fraction II
(180 mg) compound 5 (55 mg) was obtained by crystallization from
EtOH. The mother liquor was subjected to preparative TLC (To:
cHx: Et2NH, 65:30:5) and compounds 3 (2 mg) and 6 (3 mg) were
isolated. Compound 7 (2.9 g) crystallized spontaneously from
fraction IIT (3.25 g). The mother liquors of fractions III and IV
were combined and subjected to preparative TLC (To: Et,NH, 9:1,
2 x) and compound 8 (75 mg) was obtained and recrystallized from
acetone. From fraction V (1.3 g), compound 9 (850 mg) was
obtained by crystallization from CHCl;: EtOH, 1:1. Fraction VI
(320 mg) was subjected to preparative TLC (To: CHCIl;: Et,NH,
5:5:1) and compounds 10 (25 mg) and 11 (90 mg) were obtained.

Deoxypretazettine (1)

White crystals.

'H NMR (500 MHz, CDCl;) &: 6.77 (1H, s, H-12), 6.49 (1H, s,
H-9), 5.89 (2H, d, J=8 Hz, O-CH,.0), 5.87 (1H, d, J=10.5 Hz, H-2),
5.65 (1H, d, J/=10.5 Hz, H-1), 5.03 (1H, d, /=15 Hz, H-8), 4.96 (1H,
d, /=15 Hz, H-8), 4.17 (1H, bs, H-3), 3.88 (1H, dd, J=11 Hz, J=7
Hz, H-6a), 3.43 (3H, s, O-CH3), 2.99-2.92 (2H, m, H-4a, H-6), 2.66
(1H, t, J=8 Hz, H-6), 2.54-2.50 (1H, m, H-4), 2.50 (3H, s, N-CHj3),
1.82-1.77 (1H, m, H-4) [7].

'H NMR (500 MHz, CD,0D) &: 6.73 (1H, s, H-12), 6.55 (1H, s,
H-9), 5.88 (2H, d, J=3.8 Hz, O-CH,.0), 5.81 (1H, d, J=10.5 Hz, H-
2), 5.63 (1H, d, J/=10.5 Hz, H-1), 4.99 (1H, d, J=15 Hz, H-8), 4.93
(1H, d, /=15 Hz, H-8), 4.18-4.14 (1H, m, H-3), 3.91 (1H, dd, J=11
Hz, /=7 Hz H-6a), 3.42 (3H, s, O-CHj3), 2.98 (1H, bs, H4a), 2.86
(1H, dd, J=11 Hz, J=10 Hz, H-6), 2.66 (1H, dd, /=10 Hz, J=7.5 Hz,
H-6), 2.56-2.50 (1H, m, H-4), 2.49 (3H, s, N-CHj),

1.83-1.77 (1H, m, H-4).

3C NMR (125 MHz, CDCly) &: 146.3 (C10), 146.2 (C11), 133.8
(C12a), 129.3 (C1), 128.2 (C2), 126.5 (C8a), 105.4 (C12), 104.6
(C9), 100.9 (O-CH,-0O), 79.4 (Cé6a), 73.1 (C3), 69.8 (C8), 64.4
(C4a), 56.1 (O-CHs;), 54.4 (Co), 46.0 (C12b), 43.3 (N-CHj3), 30.2
(C4).

C NMR (125 MHz, CD;0D) &: 148.0 (C10), 147.8 (C11), 134.8
(Cl12a), 131.0 (C1), 128.9 (C2), 128.1 (C8a), 106.1 (C12), 105.8
(C9), 102.3 (O-CH,-0O), 80.5 (Cé6a), 74.4 (C3), 70.8 (C8), 66.1
(C4a), 56.3 (O-CHs;), 55.4 (Co6), 47.3 (C12b), 43.9 (N-CHj3), 31.0
(C4).

EI-MS, (m/z): 315 (15), 300 (8), 231 (100), 211 (42), 197 (11), 181
(8), 169 (7), 152 (9).

The other alkaloids were identified by comparison with published
data: belladine (2) [5]; 3-epimacronine (3) [6]; ismine (4) [13];
undulatine (5) [14]; buphanisine (6) [15]; tazzetine (7) [16];
galanthamine (8) [17]; chlidanthine (9) [8a]; ambelline (10) [14];
lycorine (11) [18]. Copies of the original spectra are obtainable
from the author for correspondence.

Acetylcholinesterase and butyrylcholinesterase assay, preparation
of red blood cell ghosts: The same procedures were used as in our
previous report [12].
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Prolyl oligopeptidase assay: POP was dissolved in phosphate
buffered saline (PBS: 0.01 M Na/K phosphate buffer, pH 7.4
containing 137 mM NaCl and 2.7 mM KCl); the specific activity of
the enzyme was 0.2 U/mL. The assays were performed in standard
polystyrene 96-well microplates with a flat and clear bottom. Stock
solutions of tested compounds were prepared in DMSO (10 mM).
Dilutions (10° M — 107 M) were prepared from the stock solution
with deionized water; the control was performed with the same
DMSO concentration. POP substrate, Z-Gly-Pro-p-nitroanilide, was
dissolved in 40% 1,4-dioxane (10 mM). For each reaction, PBS
(170 pL), test compound (5 pL) and POP solution (5 puL) were
incubated for 5 min at 37 °C. Then, substrate (20 pL) was added
and the microplate was incubated for 30 min at 37°C. The formation
of p-nitroaniline, directly proportional to the POP activity, was
measured spectrophotometrically at 405 nm using a microplate
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ELISA reader (EL800, Bio-Tek Instruments, Inc., Winooski, VT,
USA). Inhibition potency of the tested compounds was expressed as
ICso value (concentration of inhibitor, which causes 50% POP
inhibition).
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Amaryllidaceae species are known as ornamental plants. Some contain galanthamine, an acetylcholinesterase inhibitor. The chemical
composition of the alkaloid extract of bulbs of Nerine bowdenii Watson has been analyzed by means of GC/MS. Twenty-two compounds
were detected and nineteen of them identified, one of which was belladine. The alkaloid extract showed promising cholinesterase inhibitory
activities against human blood acetylcholinesterase (HuAChE; ICso= 87.9+3.5 pug/mL) and human plasma butyrylcholinesterase (HuBuChE;
ICso = 14.8£1.1 pg/mL). Belladine inhibited HUAChE and HuBuChE in a dose-dependent manner with I1Csy values of 781+12.5 pM and

284.8+4.2 uM, respectively.

Keywords: Nerine bowdenii, GC/MS, belladine, acetylcholinesterase, butyrylcholinesterase.

Alzheimer’s disease (AD) is the most common form of
dementia. Epidemiological data indicate a considerable
potential increase in the prevalence of the disease over the
next two decades [1]. Although the pathogenesis of AD is
complicated and not fully established, two major
hypotheses (amyloid cascade and cholinergic) are currently
under consideration regarding the molecular mechanism.

In AD patients, deficit of cholinergic functions, which
results in decreased levels of the neurotransmitter
acetylcholine (ACh) in the cortex, is responsible for the
memory impairments [2a]. The principal role of
acetylcholinesterase (AChE) is the termination of nerve
impulse transmission at the cholinergic synapses by rapid
hydrolysis of ACh. Inhibition of AChE serves as a strategy
for the treatment of AD, senile dementia, ataxia,
myasthenia gravis, and Parkinson’s disease [2b]. In the
healthy brain, AChE is the most important enzyme
regulating the level of ACh, while another enzyme,
butyrylcholinesterase (BuChE) plays only a minor role.
Moreover, in late AD stages, levels of AChE have declined
by up to 85% and BuChE represents the predominant
cholinesterase in the brain. BuChE, primarily associated
with glial cells, but also with specific neuronal pathways,
cleaves ACh in a manner similar to that of AChE to
terminate its physiological action [2c]. Galanthamine,
which is used for the treatment of AD, has been shown to

be much less potent against BuChE than AChE [2d]. This
fact has targeted BuChE as a new approach to intercede in
the progression of AD and requires research into new
inhibitors with dual enzymatic activity. Currently,
cholinesterase inhibition is the most used therapeutic
treatment for the symptoms of AD [2e, f].

Extracts from plants belonging to the Amaryllidaceae
family have long been used as herbal remedies. These
plants are known to synthesize a particular type of
bioactive compound known as Amaryllidaceae alkaloids
[3]. Some species of this family contain galanthamine, a
long-acting, selective, reversible and competitive
acetylcholinesterase inhibitor, as well as other alkaloids
with interesting pharmacological activities, such as
anticancer, antiviral, antimalarial, anti-inflammatory and
antiparasitic [4a-e]. Among the bulbs of Amaryllidaceae
plants screened previously for AChE inhibitory activity,
Nerine bowdenii showed strong inhibition [5a,b].

The genus Nerine, the second largest within
Amaryllidaceae with ca 30 species, is an autumn-flowering
perennial bulbous plant group, whose species inhabit areas
with summer rainfall and cool, dry winters [6]. Previous
investigations led to the isolation of more than 30
Amaryllidaceae alkaloids. Some of these have been tested
for their acetylcholinesterase inhibitory activity, but only
ungeremine and undulatine showed interesting inhibition
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activity with ICs, values of 0.35 uM [7a] and 37 uM [7b],
respectively. In both studies acetylcholinesterase from
electric eel was used.

The ethanolic extract of N. bowdenii bulbs exhibited
significant HUAChE and HuBuChE inhibition activity
(61.5% =+ 4.0% for HuAChE and 89.8% + 5.2% for
HuBuChE, respectively) at a concentration of 500 pg/mL,
thus indicating the presence of cholinesterase inhibitors in
this plant taxon. The crude extract from the bulbs was
concentrated into an alkaloid fraction and, as expected, this
possessed a promising activity with an ICs, value of 8§7.9
3.5 pg/mL for HuAChE and 14.8 + 1.1 pg/mL for
HuBuChE (values for reference compounds: belladine 781
+ 12, galanthamine 6.9 £ 0.3, huperzine A 0.25 £+ 0.01
pug/mL for HuAChE, and 285 + 5, 156 + 2.9, > 500 pg/mL,
respectively, for HuBuChE).

In order to identify the compounds in the complex alkaloid
fraction of N. bowdenii bulbs, capillary GC/MS was
employed. In the bulb extract, twenty-two alkaloids of the
crinine, lycorine, belladine and haemanthamine types were
detected by GC (Fig. 1); nineteen of them were identified
based on their retention times (RT) and mass spectra as
buphanisine (1,2), crinine (3), belladine (4), caranine (5),
N-demethylbelladine (7), acetylfalcatine (8), buphanidrine
(9), buphanamine (10), crinamine (11), powelline (12),
undulatine (15), 11-O-acetylambelline (16), ambelline
(17), 3-acetylnerbowdine (18), crinamidine (19),
bowdensine (20), and 11-O-acetyl-1,2-epoxyambelline
(21) (Table 1). Compound 2 showed a longer retention
time than buphanisine (1) by GC-MS, but its MS pattern
was the same, indicating that it is an isomer of 1.
Compounds 13, 14 and 22 remained unidentified.
Considering the low concentration of 13 and 14 (< 1% of
TIC) and the complexity of the alkaloid mixture, their
isolation and structural elucidation could be problematic.
The mass spectrum of compound 22 was not found either
in the databases or in the literature. For the identification
of this compound, one of the major components of the
alkaloid extract (6.8% of TIC), isolation in larger amount
and structure elucidation is needed. The haemanthamine
and crinine series of Amaryllidaceae alkaloids only differ
in the position of the 5,10b-ethano bridge [8a]. The
alkaloids of belladine type, which are biosynthetic
precursors of Amaryllidaceae alkaloids [8b], have been
previously reported only in the genera Nerine (N. filifolia)
and Crinum [8c,d]. For N. bowdenii, belladine (4) and N-
demethylbelladine (7) are reported here for the first time,
which is quite surprising when considering their
domination of the alkaloid mixture and the number of
previous phytochemical investigations of the species.
Alkaloids of the lycorine type (5, 6 and 8) were identified
only as minor components in the mixture. The relative
proportion of each alkaloid was determined as a percentage
of the total ion current. The alkaloid pattern of bulbs of N.
bowdenii was dominated by belladine (4; 49.9 % of TIC),
ambelline (17; 9.1 % of TIC) and N-demethylbelladine
(7; 8.5 % of TIC).

Cahlikova et al.

A wide range of Amaryllidaceae alkaloids belonging to
various ring types has been evaluated in recent studies for
their in vitro AChE inhibitory activity with either
galanthamine or physostigmine as a positive control [7b,
9a-c]. Results of these studies showed that the AChE
inhibitory activity is associated mainly with galanthamine-
and lycorine-type alkaloids. The lycorine-type compounds
are less active inhibitors than the galanthamine type and
their activity is associated with a substitution at positions
C-1 and C-2 [9d]. Crinine-type alkaloids have only a weak
activity against AChE and it appears that the
stereochemistry of the 5,10b-ethanobridge has no effect on
the inhibition of AChE activity [9c]. In comparison with
our previous studies on other Amaryllidaceae plants, such
as Zephyranthes robusta [9¢], Z. grandiflora [9f] and
Chlidanthus fragrans [9g], the alkaloid extract from M.
bowdenii showed the weakest AChE inhibition activity,
which is in agreement with the above mentioned
conclusions, because galanthamine-type alkaloids were not
detected and the lycorine-type alkaloids represented only a
minor fraction (2.9 % of TIC). The alkaloid extracts of Z.
robusta, Z. grandiflora and Ch. fragrans were dominated
by galanthamine- and lycorine-type alkaloids, and
consequently the HuAChE inhibition activity of these
extracts was markedly stronger. On the other hand, the
extract of N. bowdenii showed promising inhibition
activity against HuBuChE with an ICs, value of 14.8 + 1.1
pg/mL. As mentioned, BuChE plays an important role in
the late AD stages, but only a limited number of alkaloids
have been tested for their BuChE inhibitory activity so far.
There are no data on BuChE inhibition activity of pure
Amaryllidaceae alkaloids.

Relatively surprising was the weak cholinesterase activity
of the isolated alkaloid belladine (4), previously isolated
only from N. filifolia [8c], in comparison with the alkaloid
extract due to its dominant amount in the mixture (49.9%
of TIC) of N. bowdenii, and the very good HuBuChE
inhibition activity of this extract. It is clear that the BuChE
inhibition activity of N. bowdenii must be connected to
some compound/compounds present in a smaller amount.
The isolation and identification of this/these alkaloids will
be the next step in searching for new bioactive natural
compounds with BuChE inhibition activity.

Experimental

Plant materials: The fresh bulbs of Nerine bowdenii were
obtained from Lukon Glads (Sadska, Czech Republic). The
botanical identification was performed by Prof. Lubomir
Opletal, CSc. A voucher specimen is deposited in the
Herbarium of the Faculty of Pharmacy at Hradec Kralové.

Extraction of alkaloids: Fresh bulbs (150 g) were
extracted 3 times with EtOH (150 mL) at room
temperature for 24 h. The solvent was evaporated under
reduced pressure and the residue dissolved in 50 mL 2%
HCI. After removing the neutral compounds with diethyl
ether (3 x 50 mL), the extract was basified with 25%
ammonia solution and the alkaloids extracted with EtOAc
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Table 1: Alkaloids identified by GC/MS in bulbs of Nerine bowdenii.
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Retention time," [M"] and characteristic ions Reference
Compound (min) m/z (% relative intensity) % for MS data
1 Buphanisine, isomer I 25.34 285 (100), 270 (23), 253 (25), 230 (28), 215 (80), 201 (22), 187 (20), 157 (15) 1.4 NIST 08, [10c]
2 Buphanisine, isomer II 25.47 285 (100), 270 (23), 253 (25), 230 (28), 215 (80), 201 (22), 187 (20), 157 (15) 0.7 NIST 08, [10c]
3 Crinine 26.45 271 (100), 254 (8), 242 (8), 228 (25), 216 (14), 199 (48), 187 (43) 1.3 NIST 08, [10c]
4 Belladine 26.65 315 (2), 194 (70), 152 (90), 151 (100), 135 (10), 121 (18), 107 (18) 49.9 NIST 08, [10d], ¢
5 Caranine 27.10 271 (86), 270 (46), 252 (52), 250 (10), 240 (12), 227 (48), 226 (100), 212 (5) 0.2 NIST 08
6 Acetylcaranine 27.24 313 (80), 270 (5), 253 (20), 252 (95), 250 (15), 240 (10), 225 (40), 226 (100) 2.6 NIST 08
7 N-Demethylbelladine 27.64 301 (2),299 (3), 273 (1), 195 (6), 180 (20), 151 (100), 138 (4), 128 (2), 121 (9), 107 (6) 8.5 [8¢c]
8 Acetylfalcatine 28.49 343 (75), 300 (5), 283 (25), 282 (80), 266 (30), 257 (77), 256 (100), 241 (12) 0.1 NIST 08
9 Buphanidrine 28.82 315 (100), 300 (26), 287 (30), 272 (10), 260 (45), 245 (60), 231 (30), 228 (22) 29  NIST 08, [10c]
10 Buphanamine 28.94 301 (100), 286 (12), 284 (14), 272 (14), 256 (18), 231 (25), 218 (18), 204 (18) 1.1 NIST 08
11 Crinamine 29.34 301 (1), 269 (100), 240 (35), 225 (20), 224 (25), 211 (17), 181 (58) 1.9 NIST 08
12 Powelline 29.67 301 (100), 284 (8), 272 (7), 258 (20), 246 (12), 244 (12), 229 (80), 217 (40) 0.3 NIST 08
13 A13° 30.07 331 (22), 313 (10), 299 (28), 287 (100), 284 (14), 282 (10), 270 (20), 255 (45) 0.4 -
14 A14° 30.19 373 (90), 314 (72), 299 (38), 284 (20), 270 (20), 254 (54), 242 (50), 226 (38), 216 (20), 115 (25) 0.3 -
15 Undulatine 31.14 331 (100), 316 (6), 302 (9), 300 (6), 286 (20), 272 (5), 260 (18), 258 (40) 3.6 [10c]
16 11-O-Acetylambelline 31.24 373 (100), 358 (15), 342 (15), 330 (10), 314 (70), 313 (69), 298 (30), 282 (55),270 (25) 45 [10c]
17 Ambelline 31.49 331 (100), 316 (5), 299 (30), 287 (55), 270 (25), 260 (50), 257 (35), 255 (23),241 (27) 9.1 NIST 08
18 Acetylnerbowdine 32.10 361 (75), 318 (30), 302 (60), 273 (20), 254 (50), 244 (25), 43 (100) 0.7 NIST 08
19 Crinamidine 32.62 317 (75), 288 (100), 274 (5), 259 (22), 258 (25), 243 (28), 244 (30), 230 (25), 217 (40), 205 (40) 0.4 NIST 08
20 Bowdensine 32.75 403 (82), 344 (80), 288 (75), 284 (50), 272 (40), 230 (40), 217 (42), 189 (28), 173 (50), 43 (100) 29 NIST 08
21 11-O-Acetyl-1,2- 33.52 389 (60), 330 (75), 316 (100), 274 (30), 256 (55), 231 (40), 228 (12), 205 (25), 203 (27), 190 (18) 0.4 [10e]
epoxyambelline
22 A22° 33.87 329 (100), 314 (18), 300 (8), 286 (12), 270 (6), 231(28), 218 (15), 204 (20), 190 (10) 6.8

*For GC conditions see the Experimental section, ® Values are expressed as a percentage of the total ion current (TIC), “not identified, ‘standard.

(3 x 50 mL). The organic solvent was evaporated and 10
mg of alkaloid extract was removed for HuAChE and
HuBuChE assay. 10 mg of the dry alkaloid fraction was
dissolved in MeOH to a final concentration of 10 mg/mL
for further analysis. The rest of the fraction (180 mg) was
used for the isolation of pure alkaloids.

GC/MS analysis and identification of alkaloids: The
GC/MS analysis of alkaloids from N. bowdenii was carried
out on a gas chromatograph (Focus Thermo Scientific,
USA) with a splitless injector (280°C) and a mass detector
(200°C, GC-MS MD 800 Fisons, Manchester, UK). A DB-
SMS column (30 m x 0.25 mm x 0.25 um, Agilent
Technologies Santa Clara, CA, USA) and helium gas
(constant flow 1 mL/min) were used for separation. The
temperature program was: 100 - 180°C at 15°C/min, 1 min
held at 180°C, and 180 — 300°C at 5°C /min and 5 min
held at 300°C, detection range m/z 40-600. The injector
temperature was 280°C. The alkaloids were identified by
comparison of their MS with those in the NIST library and
with those reported in the literature [8c, 9a, 10a-¢].

Isolation and identification of belladine: The alkaloid
extract of N. bowdenii was subjected to preparative TLC
(silica gel 60, F,s4, Merck) and eluted with toluene:Et,NH
(95:5, 3 times) to give 4 subfractions A/1-A/4. Subfraction
A/l (35 mg) was further subjected to preparative TLC
(cHx: Et,NH, 95:5, 3 times), which led to the isolation of
compound 4 (20 mg). Because of the small amount of
other subfractions, they were not used for the isolation of
other alkaloids. The structure of belladine (4) was
determined by comparison of its spectral data with those

reported in the literature [8c]. NMR spectra were recorded
on a Varian VNMRS500 spectrometer, operating at 500
MHz ('H) and at 125 MHz ("*C). ESI-MS were measured
on a Thermo Finnigan LCQDuo spectrometer.

Preparation of red blood cell ghosts: Ghosts were
prepared from freshly drawn blood (taken from healthy
volunteers), to which 1 mL of sodium citrate per 10 mL of
blood was added, according to the method of Steck and
Kant [11a], with slight modification. Briefly, plasma
(HuBuChE) was removed from the whole blood by
centrifugation at 4000 rpm in a Boeco U-32R centrifuge
with a Hettich 1611 rotor. Red blood cells were transferred
to 50 mL tubes and washed 3 times with 5 mM phosphate
buffer (pH 7.4) containing 150 mM sodium chloride
(12000 rpm, Avanti J-30I, rotor JA-30.50). The washed
erythrocytes were stirred with 5 mM phosphate buffer (pH
7.4) for 10 mins to ensure lysis. The lysed cells were
centrifuged at 20,000 rpm for 10 mins and then the ghosts
(HuAChE) were washed 3 times with phosphate buffer.

Acetylcholinesterase and butyrylcholinesterase assay:
HuAChE and HuBuChE activities were determined using a
modified method of Ellman ef al. [11b] at concentrations
of 0.5, 2.5, 5, 12.5, 25, 50, 125, 250 and 500 pg/mL using
acetylthiocholine iodide and butyrylthiocholine iodide as
substrates, respectively. Galanthamine and huperzine A
were used as positive standards. The % inhibition was
calculated according to the formula: %I = 100-
(AAgL/AAsA)*100, where AAg; is increase of absorbance
of blank sample and AAg, the increase of absorbance of
the measured sample.
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Statistical analysis: The 1Cs, values were calculated with Acknowledgments — This project was supported by grants
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The bulbs of Zephyranthes robusta (Amaryllidaceae) have been extensively analyzed for their
chemical constituents, resulting in the isolation of 13 alkaloids. The chemical structures of the isolated
compounds were elucidated by mass-spectrometric, and 1D- and 2D-NMR spectroscopic experiments.
The complete NMR assignments were achieved for hippeastidine. All isolated alkaloids were evaluated
for their erythrocytic acetylcholinesterase and serum butyrylcholinesterase inhibitory activities using the
Ellman’s method. Significant acetylcholinesterase inhibition activity was exhibited by 8-O-demethyl-
maritidine (/Cs,(HuAChE) 28.0£0.9 um).

Introduction. — Plants of the Amaryllidaceae family are known for their ornamental
value, but also for the alkaloids they produce. Amaryllidaceae alkaloids, the object of
many studies, include a wide range of chemical structures with interesting biological
activities, including antimalarial [1], cytotoxic [2][3], anti HIV-1 [4], and acetylcho-
linesterase inhibition properties [5][6]. Some species of this family contain galanth-
amine, a long-acting, selective, reversible, and competitive acetylcholinesterase
(AChE) inhibitor. The search for more potent and effective AChE inhibitors from
natural sources has led to the isolation of further Amaryllidaceae alkaloids, such as
sanguinine, habranthine, and 1-O-acetyllycorine, which possess either similar or
stronger activities than galanthamine [5].

Alzheimer’s disease (AD) is the most predominant cause of dementia in the elderly,
affecting more than 20 million people worldwide [7]. The etiology of AD is still
unknown, but postmortem studies have shown two characteristic pathologic hallmarks,
senile plaques (SPs) and neurofibrillary tangles (NFTs). SPs are an extracellular
accumulation of amyloid beta (Af) surrounded by dystrophic neurites and microglia.
Ap originates from the proteolysis of the amyloid precursor protein (APP) through
sequential cleavage by beta-site APP-cleaving enzyme 1 (BACE 1, 3-secretase) and y-
secretase [8]. In AD patients, deficit of the neurotransmitter acetylcholine (ACh) in
the cortex results in a deterioration of the level of cholinergic functions, and this is
responsible for the memory impairments [9]. The principal role of acetylcholinesterase
(AChE) is the termination of nerve impulse transmission at the cholinergic synapses by
rapid hydrolysis of acetylcholine (ACh). However, not only AChE participates in the
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cholinergic regulation of the central nervous system (CNS) in humans, but also another
enzyme, butyrylcholinesterase (BuChE), which is able to hydrolyze ACh, as well as
other esters [10]. BuChE is associated with the NFTs and SPs, and its activity increases
in the AD brain, where it co-localizes with Ag fibrils [11]. In severe AD, levels of AChE
and choline acetyltransferase are decreased by as much as 90% compared with the
normal stage, while the concentration of BuChE increases [12]. This fact has targeted
BuChE as a new approach to affect the progression of AD. Therefore, research into
new inhibitors with dual enzymatic activity is required. Currently, acetylcholinesterase
inhibition is the most used therapeutic treatment for the symptoms of AD [13].

Zephyranthes HERB. (Amaryllidaceae) is an American-Antillean genus with ca. 60
species, currently placed in the American tribe Hippeastreae [14]. Several Zephyr-
anthes species are widely used as folk medicine in many countries for multiple effects.
The decoction of leaves of Z. candida has been used in South America as a remedy for
diabetes mellitus [15]. Z. parulla appears in the history of Peru for treating tumors, and
Z. rosea has found use in China for breast cancer [16][17]. In a previous phytochemical
study of Z. robusta, only the three alkaloids lycorine, haemanthamine, and maritidine
were isolated [18]. Our GC/MS investigation of the alkaloid extract of this species led
to the identification of seven alkaloids belonging to four structural types of
Amaryllidaceae alkaloids, and this extract showed interesting AChE- and BuChE-
inhibition activities, with /Cs, values of 35.9+3.5 and 190.9+8.2 pg/ml for human
AChE (HuAChE) and HuBuChE, respectively [19]. The important bioactivities of the
Amaryllidaceae alkaloids, together with the absence of phytochemical reports on Z.
robusta, encouraged us to examine this species.

Results and Discussion. — Isolation, Identification, and Characterization. We now
report the isolation and identification of 13 Amaryllidaceae alkaloids from the bulbs of
Zephyranthes robusta BAKER. Extensive chromatographic purification afforded the
known alkaloids galanthamine (1), 3-epimacronine (2), hippeastidine (3), lycoramine
(4), galanthine (5), haemanthamine (6), tazzetine (7), vittatine (8), lycorine (9), 11-
hydroxyvittatine (10), haemanthidine (11), hamayne (12) and 8-O-demethylmaritidine
(13). Their structures were determined by comparison of their mass and NMR spectra,
and additional physical properties with literature values (Fig. ). The isolated alkaloids
belong to the galanthamine, lycorine, tazzetine, haemanthamine, and crinine types.
Other Zephyranthes species studied have displayed mainly the presence of lycorine-
type alkaloids [15][17][20-23]. Alkaloids 1-5, 7, 8 and 10-13 were isolated for the
first time from this species, and alkaloids 2, 3, 4, and 13 are reported for the first time for
the genus Zephyranthes. 3-Epimacronine (2), lycoramine (4), and 8-O-demethylmar-
itidine (13) are biosynthesized by several Amaryllidaceae species [24][25]. Hippeast-
idine (3) has only been reported once previously, in 1978, from one species, namely
Hippeastrum ananuca, in addition to the present occurrence in Z. robusta. Hippeast-
idine (3) is a crinine-type alkaloid with the unusual feature of a OH group at C(10). Its
structure has been established, but only limited 'H-NMR spectroscopic data (60 MHz)
are available [26]. Here, we report the complete NMR assignments for 3, achieved
through the use of 2D-NMR techniques (COSY, gHSQC, gHMBC, and ROESY). The
mass spectrum showed a molecular-ion peak at m/z 319 (100%). The fragmentation
was very similar to that of dihydroamaryllisine, a crinine-type alkaloid prepared by
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Hamayne (12) R=R3*=H,R'=R?=0H

Lycorine (9) 8-0O-Demethylmaritidine (13)

Fig. 1. Structures of isolated compounds from bulbs of Zephyranthes robusta

hydrogenation from amaryllisine (isolated from Amaryllis belladonna in the same
study), and indicated a crinine-type derivative [27]. The presence of 24 H- and 18 C-
atoms was confirmed by the 'H- and *C-NMR experiments ( Table 1). The 'H-NMR
spectrum exhibited one s of an aromatic H-atom (H—C(7)) (6 6.11 ppm) and a broad s
(0 6.24 ppm) of a phenolic OH group. Employing '"H-NMR and gHSQC experiments,
signals corresponding to three MeO, six CH,, and two CH groups were observed in the
aliphatic range. The structure of 3 was unequivocally corroborated by 2D-NMR
(COSY, gHSQC, and gHMBS). All important correlations are shown in Fig. 2. The
spectra were recorded in CDCl; and CD;OD. The assigments of the 'H and *C
chemical shifts in both solvents are compiled in 7able 1.

HuAChE and HuBuChE Inhibitory Activities. The isolated alkaloids were tested for
their HUAChE- and serum HuBuChE-inhibition activities (7able 2). The best Hu-
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Table 1. 'H- and ®C-NMR Data of Hippeastidine (3). 6 in ppm, J in Hz. Arbitrary atom numbering as indicated

in Fig. 2.
Position J6(H) o(C)
in CDCl, in CD;0D in CDCl; in CD;OD

3.21-3.03 (m), 1.78 (td, J=14.4,4.6) 3.36-3.19 (m), 1.78 (td, J=14.4,43) 264 274
la 43.7 454
2 2.09-2.01 (m), 1.52-1.40 (m) 2.09-2.02 (m), 1.49-1.37 (m) 27.7 28.3
3 3.21-3.03 (m) 3.36-3.19 (m), 77.2 78.1
4 2.44-225 (m), 1.31-1.19 (m) 2.26-2.18 (m), 1.35-1.22 (m) 32.7 332
4a 3.21-3.03 (m) 3.36-3.19 (m), 68.0 69.3
6 4.51 (d,J=16.7),3.86 (d, J=16.7) 4.57 (d, J=16.0), 3.98 (d, /=16.0) 61.6 61.5
6a 127.6 126.5
7 6.11 (s) 6.25 (s) 101.2 102.2
8 150.5 153.0
9 1342 136.7
10 147.0 149.5
10a 124.8 125.5
11 2.44-225 (m),2.01-1.92 (m) 2.48-2.38 (m), 2.02-1.94 (m) 35.7 358
12 3.55 (t,J=10.6), 2.93-2.83 (m) 3.66-3.57 (m), 3.14-3.04 (m) 52.0 53.0
13 3.81 (s) 3.78 (s) 55.7 56.2
14 3.88 (s) 3.74 (s) 61.0 61.1
15 3.37 (s) 3.37 (s) 55.8 56.1

OH 6.24 (br. 5)

Fig.2. Key gHMBC (H—C) and COSY (=) features of
hippeastidine (3)

AChE inhibition activity was exhibited by galanthamine (1), the hydrobromide of
which is approved for the treatment of Alzheimer’s disease as a long-acting, selective,
reversible and competitive AChE inhibitor [13]. It is reported that, among plants of the
family Amaryllidaceae, the AChE (electric eel) inhibition activity in vitro is associated
mainly with the galanthamine- and lycorine-type skeleta (with the exception of lycorine
itself), but not with the haemanthamine, homolycorine and tazzetine classes [5][28].
Lycorine-type compounds are less active inhibitors than the galanthamine type, and
their activity is associated with substitution at C(1) and C(2) [5]. Crinine-type alkaloids
are reported to possess only weak inhibition activities. The haemanthamine- and
crinine-type alkaloids differ only in the position of the 5,10b-ethano bridge, but it
appears that the configuration of this bridge has no effect on the AChE inhibition
activity [28]. Contrary to these conclusions, the HuAChE inhibition activity of 8-O-
demethylmaritidine (13; /C5,(HuAChE) 28.02+0.91 um) is interesting. Compound 13
is a crinine-type alkaloid, the structural analogs of which, maritidine and O-
methylmaritidine, isolated from Cyrtanthus falcatus, showed no inhibition activities
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Table 2. HuAChE and HuBuChE Inhibitory Activities of the Tested Amaryllidaceae Alkaloids

Alkaloid 1Cs [um]*)

HuAChE HuBuChE
Galanthamine (1) 2.5+0.1 533+19
3-Epimacronine (2) 87.7+£3.2 452.0+13.0
Hippeastidine (3) 99.7+4.1 900.0+35.0
Lycoramine (4) 553+2.8 na
Galanthine (5) 606.0+15.0 na
Haemanthamine (6) na na
Tazzetine (7) na na
Vittatine (8) 643.0+20.0 na
Lycorine (9) na na
11-Hydroxyvittatine (10) na na
Haemanthidine (2 epimers; 11) na na
Hamayne (12) 829.0+19.0 na
8-O-Demethylmaritidine (13) 28.0+0.9 na
Huperzine A®) 0.03340.001 na
Eserine®) 0.063 £0.001 0.130£0.004
Galanthamine®) 1.710£0.065 42.300+1.300

) Expressed as means + standard deviations; n=3; na, Not active. °) Positive control. ¢) Standard.

against AChE (electric eel) in an in vitro study [28]. Crinine alkaloids have been shown
to exhibit a range of biological activities, primarily cytotoxicity, but not AChE
inhibition activity. The cytotoxicity of crinamine to the malaria parasite and to a series
of tumor cell lines has been previously described [29], while 6-hydroxycrinamine was
shown to be active against mouse melanoma cells [30]. The selective apoptosis-
inducing activity of crinine-type alkaloids has also been reported. Crinamine and
haemanthamine have been indicated to be potent inducers of apoptosis in tumor cells
at uM concentrations [3]. The explanation of the interesting AChE-inhibition activity
of compound 13 may lie in using different types of tested enzymes. All previous studies
were performed with AChE from electric eel (Sigma-Aldrich). Lycoramine (4),
hippeastidine (3), and 3-epimacronine (2) also possessed some inhibition activity.
According to their ICs, values, they showed only weak inhibition capacity in
comparison with the used standards. Other isolated alkaloids were considered inactive.

As mentioned above, BuChE plays an important role in the late AD stages, but only
a limited number of alkaloids have been tested for their BuChE inhibition activity so
far. There is no information about the BuChE inhibition activity of the Amaryllidaceae
alkaloids, with the exception of belladine, the biosynthetic precursor of the
Amaryllidaceae alkaloids, which is considered inactive [31]. In the current study, only
galanthamine exhibited moderate HuBuChE inhibition activity with an ICs, value
42.30+1.30 um, and, therefore, it is so far impossible to draw conclusions on the
influence of particular functionalities on the BuChE inhibition activity of Amarylli-
daceae alkaloids. A wider range of these compounds must be isolated and tested first.

Antioxidant Activity. Oxidative stress plays a critical role in the pathogenic
mechanism of several neurodegenerative disorders, including AD. Af, A fibrils, and
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Ap oligomers play very important roles in the pathogenesis of AD [32], and they are
well known to induce oxidative stress, which is associated with their cytotoxicity. For
this reason, we also investigated the antioxidant activity of the isolated compounds
using the DPPH test [33]; unfortunately all the tested alkaloids were inactive (ECs,>
1 mm).

Conclusions. — In conclusion, Z. robusta is a rich source of Amaryllidaceae alkaloids
with important biological activities. The complete NMR assignments were achieved for
hippeastidine (3), by means of 2D-NMR techniques (COSY, gHSQC, gHMBC, and
ROESY). Important HuAChE-inhibition activity was exhibited by the crinane-type
alkaloid 8-O-demethylmaritidine (13). Some alkaloids were isolated in amounts that
will allow preparation of new derivatives for biological assays. AChE and BuChE
continue to be attractive targets for the rational drug design and discovery of
mechanism-based inhibitors for the treatment of Alzheimer’s disease.

Experimental Part

General. TLC: Merck precoated silica gel Fjs, plates; visualization under UV light (254 and 366 nm)
and by spraying with Dragendorff's reagent was used for Column chromatography (CC): silica gel 60
(Merck). GC/MS: a gas chromatograph (Focus Thermo Scientific, USA) with a splitless injector (280°)
and a mass detector (200°, GC/MS MD 800 Fisons, Manchester, UK). A DB-5MS column (30 m x
0.25 mm x 0.25 pm, Agilent Technologies, Santa Clara, CA) was used for separation. The temp. program
was: 100-180° at 15°/min, held 1 min at 180°, 180—300° at 5°/min, and held 5 min at 300°; detection range,
mi/z 40—-600. The injector temp. was 280°. The flow rate of carrier gas (He) was 1 ml/min. A split ratio of
1:10 was used. Optical rotation: ADP 220 BS polarimeter, in either CHCl; or EtOH soln. NMR Spectra:
CDCl; and (Dg)THEF solns. at r.t. on a VNMR S500 NMR spectrometer operating at 500 (‘H) and
125 MHz (**C); chemical shifts as ¢ values in ppm, indirectly referenced to Me,Si (TMS) via the solvent
signal (7.26 (*H) and 77.0 ppm (**C) for CDCl;, and 3.30 (*H) and 49.0 ppm (**C) for CD;0D); coupling
constants (J) given in Hz. For unambiguous assignment of 'H and 3C signals, 2D-NMR spectra (COSY,
gHSQC, gHMBC, and ROESY) were recorded using standard parameter sets and pulse programs
delivered by the producer of the spectrometer.

Acetylthiocholine iodide (ATChI), butyrylthiocholine iodide (BuTChI), and eserine were
purchased from Sigma-Aldrich, Czech Republic, galanthamine hydrobromide from Changsha Organic
Herb Inc., China, and huperzine A from Tai’an zhonghui Plant Biochemical Co., Ltd., China. The red
blood cell ghosts used as a source of acetylcholinesterase (HuAChE) and human plasma as a source of
butyrylcholinesterase (HuBuChE) were prepared in our laboratory.

Plant Material. The fresh bulbs of Zephyranthes robusta BAKER (Amaryllidaceae) were obtained
from the herbal dealer Lukon Glads (Sadska, Czech Republic). The botanical identification was
performed by L. O. A voucher specimen is deposited with the Herbarium of the Faculty of Pharmacy at
Hradec Kralové.

Extraction and Isolation of Alkaloids. Fresh bulbs (12 kg) were crushed and exhaustively extracted
with EtOH (96% (v/v), 2 x ) at r.t. for 48 h, and the combined macerate was filtered and evaporated to
dryness under reduced pressure. The bulb crude extract (650 g) was acidified to pH 2 with 2% HCI,
defatted with Et,0O (4 x 500 ml), and alkalized to pH 9-10 with 25% NHj;. Then, the alkaloids were
extracted with CHC; (4 x 500 ml). The extract was evaporated under vacuum and tested for alkaloids on
TLC (silica gel 60; toluene/Et,NH 95:5;2 x ). The extract (10.5 g), which was Dragendorff-positive, was
further fractionated by CC (silica gel 60; CHCl;, gradually enriched with EtOH). Fractions of 300 ml
were collected and monitored by TLC; eight main fractions were obtained, Frs. [-VIII. From Fr. [
(260 mg), compound 1 (60 mg) was isolated by crystallization from acetone. Fr. II (150 mg) was
subjected to prep. TLC (cyclohexene/Et,NH 95:5; 3 x ) to give compounds 2 (5 mg) and 3 (35 mg).
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Compound 4 (20 mg) was obtained by prep. TLC from Fr. III (cyclohexene/Et,NH 9:1; 3 x ). Fr. IV
(2.8 g) was subjected to repeated CC (silica gel 60; eluting with CHCI,/EtOH 9:1,4:1,3:2,and 1:4; each
300 ml) to afford compounds 5 (780 mg) and 6 (322 mg), which were further recrystallized from EtOH.
Compound 7 (652 mg) crystallized spontaneusly from Fr. V (1.25 g). Prep. TLC (cyclohexene/toluene/
Et,NH 5:1:1,2 x ) of the mother liquor of Fr. V (120 mg) led to the isolation of 8 (15 mg). Fr. VI (2.5 g)
was repeatedly subjected to CC (silica gel 60; CHCL,/EtOH 5:1, 3:1, 1:1, 1:3, each 300 ml), and two
subfractions, Frs. Vla (1.25 g) and VIb (450 mg) were obtained. Compound 9 crystallized from Fr. Via
(350 mg). The mother liquor was subjected to prep. TLC (toluene/Et,NH; 2 x ) leading to the isolation of
compound 10 (16 mg). Compound 11 (205 mg) was crystallized from MeOH from subfraction Fr. VIb.
Compound 12 (450 mg) was crystallized and recrystallized from Fr. VII (820 g). Fr. VIII (95 mg) was
subjected to prep. TLC (toluene/Et,NH; 3 x ), leading to the isolation of compound 13 (22 mg).

Preparation of Red Blood Cells Ghosts. Ghosts were prepared from freshly withdrawn blood (taken
from healthy volunteers) according to the method of Steck and Kant [34], with slight modification. One
ml of sodium citrate soln. (3.8%, Hoechst Biotika, Slovakia) was added to 10 ml of blood. Then, the
plasma (HuBuChE) was obtained by centrifugation at 2500g in a Boeco U-32R centrifuge. Red blood
cells were transferred into 50-ml tubes and washed 3 times with 5 mm phosphate buffer (pH 7.4; 5 ml
buffer/1 ml of erythrocytes) containing 150 mm NaCl (17500g, Avanti J-30I). The washed erythrocytes
were stirred with 5 mm phosphate buffer (pH 7.4) for 10 min to ensure lysis. The lysed cells were
centrifuged at 48000g for 10 min. Finally, the ghosts (HuAChE) were washed 3 times with phosphate
buffer.

AChE and BuChE Assay. HUAChE- and HuBuChE-inhibition activities were determined using a
modified Ellman’s method [35] at concentrations of 0.5, 2.5, 5, 12.5, 25, 50, 125, 250 and 500 pg/ml using
ATChI and BuTChl as substrates, resp. Briefly, 8—15 pl of either ghosts or plasma, 215 ul of 5,5-
dithiobis-2-nitrobenzoic acid (DTNB), and 8 pl of either the sample or appropriate solvent, as a blank
sample, were added to the microplate wells. The reaction was initiated by addition of substrate, either
ATChI or BuTChlI. The final proportion of DTNB to substrate was 1:1. The increase in absorbance at
436 nm (AA) was measured for 1 min using a Synergy™ HT Multi-Detection Microplate Reader (BioTek,
USA). Each measurement was repeated 3 times. Galanthamine, huperzine A, and eserine were used as
positive standards. The percentage inhibition (%) was calculated according to the formula: %7=100—
(AAg/AAg, ) - 100, where AAy, is the increase in absorbance of blank sample, and AAg, is the increase in
absorbance of the measured sample. The ICy, values calculated by GraphPad Prism 5.02 software (Graph
Pad Inc., San Diego) are presented as a mean +standard deviation.

Identifications of Alkaloids Isolated from the Bulbs of Zephyranthes robusta. Hippeastidine (3).
White crystals. M.p. 202-203° (uncorr.). [a]E = +330 (¢c=0.1, CHCl;). NMR: see Table 1. EI-MS (m/z):
319 (100), 318 (18), 304 (28), 288 (42), 276 (11), 258 (19), 246 (24), 234 (59), 233 (88), 218 (34), 206
(32), 163 (20), 115 (22), 91 (23), 58 (53).

Galanthamine (1): [a]} = —82.1 (¢c=0.1, CHCl;) [36]. 3-Epimacronine (2): [a]} = +188 (c=0.1,
CHCl,) [37]. Lycoramine (4): [a]3 = —100 (c=0.1, CHCl;) [36]. Galanthine (5): [a]5 = —84.1 (¢=0.1,
CHC;) [36]. Haemanthamine (6): [a]3 = +31 (¢=0.1, CHCL;) [38]. Tazzetine (7): [a]% = +188 (¢=0.1,
CHClLy) [39]. Vittatine (8): [a]E = +30 (¢=0.1, CHCL;) [40]. Lycorine (9): [a]E = + 188 (¢=0.1, CHCL;)
[29]. 11-Hydroxyvittatine (10): [a]5 = +19 (¢=0.1, MeOH) [41]. Haemanthidine (two epimers; 11):
[a]f = —14 (c=0.1, CHCL,) [42]. Hamayne (12): [a]¥ = +110.9 (c=0.1, CHCl,) [43]. 8-O-Demethyl-
maritidine (13): [a]} = 4275 (¢=0.1, CHCL,) [41].

Copies of the original spectra may be obtained upon request from the authors.

This project was supported by grants SVV UK 265 002, FRVS 664/2011, and Charles University grant
Nr.17/2012/UNCE.
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From the bulbs of Zephyranthes robusta Baker (Amaryllidaceae), seven known compounds, belonging to four structural types
of Amaryllidaceae alkaloids, were identified and quantified by GC-MS. The alkaloid extract from the bulbs showed promising
acetylcholinesterase and butyrylcholinesterase inhibitory activities against HUAChE (ICs = 35.9 + 3.5 pg/mL) and HuBUChE

(ICso = 190.9 + 8.2 pg/mL).

Keywords: Zephyranthes robusta, Amaryllidaceae, GC/MS, acetylcholinesterase, butyrylcholinesterase.

Zephyranthes robusta Baker is a bulbous plant
belonging to the family Amaryllidaceae, various
species of which are known as ornamental plants.
Some species of this family contain galathamine, an
acetylcholinesterase  inhibitor approved for the
treatment of Alzheimer’s disease [1,2], as well as other
alkaloids with interesting pharmacological activities
(antimalarial, antiviral and antiproliferative) [3-5].

Species of Zephyranthes are widely used as a folk
medicine in many countries. The decoction of leaves of
Z. candida has been used in South Africa as a remedy
for diabetes mellitus, and Z. parulla in Peru as a
treatment for tumors [6]. Z. rosea and Z. flava are used
for a variety of therapeutic purposes in India [7,8].

There have been relatively few phytochemical studies
of Zephyranthes species, and only one GC/MS
investigation. From Z. citrina, eight alkaloids
(galanthine, haemanthamine, lycorine, lycorenine,
oxomaritidine, maritidine, vittatine and narcissidine)
have been isolated [9,10]. In addition to these,
zefbetaine and zeflabetaine were isolated from Z. flava
[7], and pretazettine and carinatine, along with lycorine,
galanthine and haemanthanine from Z. carinata [11].

Previous phytochemical analysis of Z. robusta led to the
isolation of two alkaloids (lycorine and haemanthamine)
[12]. GC/MS analysis of extracts of bulbs of Z.
concolor showed the domination of galanthamine-type
Amaryllidaceae alkaloids and this extract possessed
promising AChE inhibitory activity [13].

Alkaloids of many different skeleton types (for
example, quinolizidine and isoquinoline) can be rapidly
identified by GC-EI-MS [14-16]. It has been found that
Amaryllidaceae alkaloids can be analyzed by GC
without prior derivatization and, with only few
exceptions, they show a mass spectral fragmentation
pattern very similar to those obtained under direct
insertion [15]. Several studies of the distribution of
galanthamine in different subspecies and populations
of mainly Galanthus and Narcissus species have
been published [17-20]. GC/MS analysis has been
successfully applied for the reliable and fast
identification of Amaryllidaceae alkaloids and for
comparative study of their percentage contribution in
the alkaloid mixtures [1].

In the present work we report the GC/MS investigation
of the alkaloid extract from the bulbs of Z. robusta and
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Table 1: Alkaloids identified by GC/MS in bulbs of Z. robusta.

Compound RT? [M*] and characteristic ions, m/z %’

Cahlikova et al.

Table 2: AChE and BUChE inhibitory activity of the alkaloid extract of Z.
robusta.

min (% relative intensity)

1 Galanthamine 21.24  287(90), 286 (100), 270 (20), 244 3
(30), 230 (5), 216 (45)

2 Lycoramine 21.72 289 (65), 288 (100), 274 (10), 232 27
(10), 202 (30)

3 Vittatine 22.77 271 (100), 252 (30), 199 (90), 187 5
(95), 173 (30)

4 Nerbowdine 24.77 319 (100), 302 (50), 272 (30), 254 2
(45), 232 (75)

5 Haemanthamine 25.39 301 (20), 272 (100), 240 (15),225 15
(10), 211 (15)

6 Tazzetine 25,52 331(20), 316 (20), 298 (30), 247 6
(100)

7 Galanthine 26.40 317 (30), 298 (15), 284 (15), 268 42

(15), 243 (100), 242 (95)

Concentration AChE? BuChE?
(ng/mL) inhibition (%) inhibition (%)

500 96.9+25 709+1,5
50 57.4+34 221+1.8
5 12.3+05 46+05
0.5 2.4+05 0
ICs (ng/mL) 35.9+35 190.9 +8.2
ICso° Galanthamine® 6.9+0.3 156 + 6.9
ICsy° Huperzine A” 0.25 +0.01 >1000

®For GC conditions see Experimental section.
® Values are expressed as a percentage of the total ion current (TIC).

the inhibitory effect of this extract on the activity of
erythrocytic AChE (HUAChE) and plasma BuChE
(HuBuChE) from human blood.

In the bulb extract, seven alkaloids were detected by GC
and identified from their retention times (RT) and mass
spectra as galanthamine (1), lycoramine (2), vittatine
(3), nerbowdine (4), haemanthamine (5), tazzetine (6),
and galanthine (7). Nerbowdine was identified for the
first time in the genus Zephyranthes. The relative
proportion of each alkaloid was determined as a
percentage of the total ion current. The major
components were lycoramine (2; 27% of TIC) and
galanthine (7; 42% of TIC) (Table 1). The area of the
GC/MS peaks depends not only on the corresponding
compounds, but also on the intensity of their MS
fragmentation, so the data given in the table are not true
quantification. However, they can be used for
comparison between samples.

The alkaloidal extract of Z. robusta, at a concentration
of 50 pg/mL, inhibited HUAChE (57.5% + 3.4%) and
HuBuUChE (22.2% + 2.3%), thus indicating the presence
of AChE and BuChE inhibitors. It is known, that among
species of Amaryllidaceae, AChE inhibitory activity is
associated mainly with galanthamine and lycorine type
alkaloids [17,21]. Therefore, the presence of the above
mentioned compounds explain the AChE inhibitory
activity of the extract of Z. robusta.

GC/MS analysis of bulbs of Z. concolor showed that
galanthamine-type alkaloids represented more than 90%
of the alkaloid mixture, which inhibited AChE from
electric eel by 88% + 0.2% at a concentration of 10
png/mL. Galanthamine (64% of TIC) and chlidanthine
were identified as the main components (24 % of TIC)
[13]. In our study, galanthamine presented only as a
minor component (3% of TIC), and chlidanthine was
not identified.

*Results are the mean of three replications; ® Reference compound [23];
c
(uM).

Experimental

Plant materials: The fresh bulbs of Zephyranthes
robusta Baker were obtained from Lukon Glads
(Sadska, Czech Republic). A voucher specimen is
deposited in the herbarium of the Faculty of Pharmacy
at Hradec Krélové.

Extraction of alkaloids: Fresh bulbs (3 x 15 g) were
extracted 3 times with EtOH (50 mL) at room
temperature for 24 h. The solvent was evaporated under
reduced pressure and the residue dissolved in 10 mL 2%
HCI. After removing the neutral compounds with
diethyl ether (3 x 15 mL), the extract was basified with
25% ammonia solution and the alkaloids extracted with
EtOAc (3 x 15 mL). The organic solvent was
evaporated and 10 mg of each alkaloid extract removed
for acetylcholinesterase and butyrylcholinesterase
assay. The rest of the dry alkaloid fraction was
dissolved in MeOH to a final concentration of 10
mg/mL for further

analysis.

GC/MS analysis: GC/MS analyses were carried out on
a gas chromatograph (CE 8000, Milano, Italy) with a
splitless injector (280°C) and a mass detector (200°C,
GC-MS MD 800 Fisons, Manchester, UK). A DB-5MS
column (30 m x 0.25 mm x 0.25 pm, Agilent
Technologies Santa Clara, CA, USA) and helium gas
(constant flow 1 mL/min) were used for separation. The
temperature program was: 100 - 180°C at 15°C/min, 1
min hold at 180°C and 180 — 300°C at 5°C /min and 5
min hold at 300°C, detection range m/z 40-600. The
injector temperature was 280°C.

Identification of alkaloids: The alkaloids were
identified by comparison of their MS with those in the
NIST library, with those reported in the literature [13,
15, 17-20], and with commercially available standards
(galanthamine, Changsha Organic).

Preparation of red blood cells ghosts: Ghosts were
prepared from freshly drawn blood (taken from healthy
volunteers), to which 1 mL of sodium citrate per 10 mL
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of blood was added, according to the method of Steck
and Kant [24], with slight modification. Briefly plasma
(HuBuChE) was removed from the whole blood by
centrifugation at 4000 rpm in a Boeco U-32R centrifuge
with a Hettich 1611 rotor. Red blood cells were
transferred to 50 mL tubes and washed 3 times with 5
mM phosphate buffer (pH 7.4) containing 150 mM
sodium chloride (12000 rpm, Avanti J-30I, rotor JA-
30.50). The washed erythrocytes were stirred with 5
mM phosphate buffer (pH 7.4) for 10 mins to ensure
lysis. The lysed cells were centrifuged at 20,000 rpm for
10 mins and then the ghosts (HUAChE) were washed 3
times with phosphate buffer.

Acetylcholinesterase and butyrylcholinesterase assay:
HUAChE and HuBuUChE activities were determined
with a modified method of Ellman et al. [22] at
concentrations 0.5, 5, 50 and 500 um/L (Table 2) using
acetylthiocholine iodide and butyrylthiocholine iodide
as substrates, respectively. Briefly, 25-50 uL of either
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ghosts or plasma, 650 uL of DTNB and 25 pL of either
the sample or appropriate solvent, as a blank sample,
were added to the semi-micro cuvette. The reaction
was initiated by addition of substrate (ATChl or
BuTChl). The final proportion of DTNB to substrate
was 1:1. The increase of absorbance at 436 nm (AA)
was measured for 1 min using a Shimadzu UV-1611
spectrophotometer. Each measurement was repeated 3
times. Galanthamine and huperzine A were used as
positive standards [23]. The % inhibition was calculated
according to the formula: %I = 100-(AAg /AAsa)*100,
where AAg, is increase of absorbance of blank sample
and AAga is increase of absorbance of the measured
sample.

Statistical analysis: The ICsy values were calculated
with the use of GraphPad Prism 5.02 software.

Acknowledgments — This project was supported by the
grants SVV-2010-261-002 and GA UK 122309.

(1]

Berkov S, Bastida J, Viladomat F, Codina C. (2008) Analysis of galanthamine-type alkaloids by capillary gas chromatography-mass
spectrometry in plants. Phytochemical Analysis, 19, 285-293.

Hostettmann K, Borloz A, Urbain A, Marston A. (2006) Natural product inhibitors of acetylcholinesterase. Current Organic
Campbell WE, Nair JJ, Gammon DW, Bastida J, Codina C, Viladomat F, Smith PJ, Albrecht CF. (1988) Cytotoxic and antimalarial

Szlavik L, Gyuris A, Minarovits J, Forgo P, Molnar J, Hohmann J. (2004) Alkaloids from Leucojum vernum and antiretroviral

Hohmann J, Forgo P, Molnar J, Wolfard K, Molnar A, Thalhammer T, Mathé |, Sharples D. (2002) Antiproliferative
Amaryllidaceae alkaloids isolated from the bulbs of Sprekelia formosissima and Hymenocalis x festalis. Planta Medica, 68,

Pettit GR, Gaddamidi V, Cragg GM. (1984) Antineoplastic agents, 105. Zephyranthes grandiflora. Journal of Natural Products, 47,
Ghosal S, Singh SK, Srivastava RS. (1986) Chemical constituents of Amaryllidaceae. Part 22. Alkaloids from Zephyranthes flava.
Ghosal S, Singh SK, Srivastava RS. (1985) Chemical constituents of Amaryllidaceae. Part 9. (+)-Epimaritidine, an alkaloid from
Boit HG, Dépke W, Stender W. (1957) Alkaloide aus Crinum, Zephyranthes, Leucojum und Clivia Arten. Chemische Berichte, 90,
Herrera MR, Machocho AK, Brun R, Viladomat F, Codina C, Bastida J. (2001) Crinane and lycorane type alkaloids from
Kobayashi S, Ishikawa H, Kihara M, Shingu T, Hashimoto T. (1977) Isolation of carinatine and pretazettine from the bulbs of
Rao KRV, Rao SJVLN. (1978) Occurrence of the rare alkaloid maritidine in Zephyranthes robusta and Z. sulphurea. Current
Berkov S, Bastida J, Nikolova M, Viladomat F, Codina C. (2008) Rapid TLC/GC-MS identification of acetylcholinesterase
Wink M, Meisner C, Witte L. (1995) Pattern of quinolizidine alkaloids in 56 species of the genus Lupinus. Phytochemistry, 38,

Kreh M, Matusch R, Witte L. (1995) Capillary gas chromatography-mass spectrometry of Amaryllidaceae alkaloids.

[2]
Chemistry, 10, 825-847.
[3]
alkaloids from Brunsvigia littoralis. Planta Medica, 64, 91-93.
[4]
activity of Amaryllidaceae alkaloids. Planta Medica, 70, 871-873.
[5]
454-457,
[6]
1018-1020.
[7]
Phytochemistry, 25, 1975-1978.
(8]
Zephyranthes rosea. Phytochemistry, 24, 635-637.
[
2203-2206.
[10]
Zephyranthes citrina. Planta Medica, 67, 191-193.
[11]
Zephyranthes carinata Herb. (Amaryllidaceae). Chemical & Pharmaceutical Bulletin, 25, 2244-2248.
[12]
Science, 48, 110-111.
[13]
inhibitors in alkaloid extract. Phytochemical Analysis, 19, 411-419.
[14]
139-153.
[15]
Phytochemistry, 38, 773-776
[16]

Suau R, Cabezudo B, Rico R, Najera F, Lépez-Romero J. (2002) Direct determination of alkaloid contents in Fumaria species by
GC-MS. Phytochemical Analysis, 13, 363-367.



1204 Natural Product Communications Vol. 5 (8) 2010 Cahlikova et al.

[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

Lopez S, Bastida J, Viladomat F, Codina C. (2002) Acetylcholinesterase inhibitory activity of same Amaryllidaceae alkaloids and
Narcissus extracts. Life Sciences, 71, 2521-2529.

Berkov S, Sidjimova B, Evstatieva L, Popov S. (2004) Intraspecific variability in the alkaloid metabolism of Galanthus elwesii.
Phytochemistry, 65, 579-586.

Berkov S, Bastida J, Sidjimova B, Viladomat F, Codina C. (2008) Phytochemical differentation of Galanthus nivalis and Galanthus
elwesii (Amaryllidaceae): A case study. Biochemical Systematics and Ecology, 36, 638-645.

Gotti R, Fiori J, Bartolini M, Cavrini V. (2006) Analysis of Amaryllidaceae alkaloids from Narcissus by GC-MS and capillary
electrophoresis. Journal of Pharmaceutical and Biomedical Analysis, 42, 17-24.

Houghton P, Ren Y, Howes MJ. (2006) Acetylcholinesterase inhibitors from plants and fungi. Natural Product Reports, 23, 181-
189.

Ellman GL, Courtney KD, Andres V, Featherstone RM. (1961) A new rapid colorimetric determination of acetylcholinesterase
activity. Biochemical Pharmacology, 7, 88-95.

Cahlikova L, Macakova K, Kune$ J, Kurflrst M, Opletal L, Cvacka J, Chlebek J, Blunden G. (2010) Acetylcholinesterase and
butyrylcholinesterase inhibitory compounds from Eschscholzia californica (Papaveraceae). Natural Product Communications, 5,
1035-1038

Steck TL, Kant JA. (1974) Preparation of impermeable ghosts and inside-out vesicles from human erythrocyte membranes.
Methods in Enzymology, 31 (Pt A), 172-180.



Piiloha 5

REVISED NMR-DATA FOR 9-O-
DEMETHYLGALANTHINE: AN ALKALOID FROM
ZEPHYRANTHES ROBUSTA (AMARYLLIDACEAE)

AND ITS BIOLOGICAL ACTIVITY

Safratova M, Novak Z, Kulhankova A, Kunes J,
Hrabinova M, Jun D, Macakova K, Opletal L,
Cahlikova L.

Nat. Prod. Commun. 2014, 9, 787-788
Cit. 129



NPC H Natural Product Communications

Revised NMR Data for 9-O-Demethylgalanthine: an Alkaloid from

2014
\L R

No. 6
787 - 788

Zephyranthes robusta (Amaryllidaceae) and its Biological Activity

Marcela Safratova®, Zden&k Novak®, Andrea Kulhdankova®, Jifi Kunes®, Martina Hrabinova®, Daniel Jun®,

Katefina Macikova®, Lubomir Opletal® and Lucie Cahlikova®

®ADINACO Research Group, Department of Pharmaceutical Botany and Ecology, bDepartment of Inorganic and
Organic Chemistry, Faculty of Pharmacy, Charles University, Heyrovského 1203, 500 05 Hradec Kralové, Czech
Republic; “Institute of Organic Chemistry and Biochemistry of the AS CR, Flemingovo nam. 2, 166 10 Praha 6,
Czech Republic; ¢ Centre of Advanced Studies, Faculty of Military Health Sciences, University of Defence,

Trebesska 1575, 500 05 Hradec Kralové, Czech Republic

cahlikova@faf.cuni.cz

Received: March 24™, 2014; Accepted: April 14", 2014

Ongoing studies of Zephyranthes robusta resulted in the isolation of the lycorine-type alkaloid previously called carinatine and 10-O-demethylgalanthine. The
NMR data given previously for this compound were revised and completed by two-dimensional *H-*H and *H-*C chemical shift correlation experiments. The
name of the isolated compound was corrected to 9-O-demethylgalanthine in accordance with the currently used system of numbering of lycorine-type
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assays (ICso> 500 M), but showed important prolyl oligopeptidase inhibition activity.
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Our previous phytochemical investigations of Zephyranthes robusta
led to the identification and isolation of thirteen Amaryllidaceae
alkaloids [la,b]. We now report on the isolation and structural
elucidation of compound 2 (9-O-demethylgalanthine), which is the
demethyl derivative of galanthine (1). Compound 2, was previously
isolated from Z. carinata in 1977, characterized as its picrate, and
named carinatine [1c]. The compound was also reported from
Habranthus brachyandrus by Jitsuno et al. in 2009 and named 10-
O-demethylgalanthine [2a]. This name is not in agreement with the
currently used system of numbering of lycorine-type alkaloids.
Jitsuno et al. used another system of numbering of the molecule,
which does not point to the biosynthetic formation of the ethylene
bridge (-C11-C12-). We have revised the NMR spectroscopic data
given previously for this compound. Also reported are the complete
assignments of the 'H NMR spectroscopic data for galanthine (1).

The complete assignment of the *H NMR spectral data of 2,
performed by 2D COSY and NOESY experiments, revealed a
compound with a lycorine type structure whose chemical shifts
were closely comparable with those of galanthine [1b]. The 'H
NMR spectra of 1 (Table 1) and 2 (Table 2) showed characteristic
singlets at 8 6.62 and 6.61, respectively (H7), and & 6.85 and 6.93,
respectively (H10), corresponding to aromatic protons, a multiplet
at 8 5.59-5.61 and 5.58-5.60 (H3), respectively, assigned to the
vinylic proton, another broad singlet at & 4.65 and 4.61 (H1),
respectively, for an aliphatic deshielded proton, and two doublets at
8 4.15 and 4.11 (H6pB) and 3.50 and 3.55 (H6a), respectively. The
'H NMR spectroscopic data of 2 revealed significant differences
from those of 1, especially the absence of a singlet for a methoxy
group at & 3.89 (C9-OCHy). The two remaining singlets of methoxy
groups at & 3.84 and 3.49 were assigned to C8 and C2, respectively,
by means of the NOESY and HMBC experiments (Figurel). The
two doublets at & 2.79 and 2.68 (/ = 10.6 Hz) were attributed to the
two methine protons H4a and H10b, respectively. The large
coupling constant supported a trans-fusion of the B/C rings. Axial

Figure 1: Key HMBC and NOESY (dashed) correlations of 2.

configuration of the hydroxyl group at C1 was deduced from the
COSY and NOESY experiments. The equatorial H1 resonated as a
broad singlet (or double doublet with J < 1Hz) and was coupled in
the COSY spectrum to H10b and weakly to H2. The near zero value
for 37 (H1, H10b) and the strong cross peak H1 with H10b in the
NOESY spectrum confirmed their orthogonal relationship.
Similarly, the equatorial H2 was coupled in the COSY spectrum to
H1 and to H3, and in the NOESY spectrum weakly to H4a. In
addition, a weak NOESY correlation between H10b and a methoxy
group (C2-OCHgj) confirmed the previous evidence. Finally, the
multiplet at & 2.65-2.60 was assigned to the aliphatic methylene
H11, the multiplet at & 2.48-2.40 to H12a, and the multiplet at
8 3.34-3.30 to H12B. The NOESY correlations between H12a, H6a
and Hd4a suggest their o—position. Therefore, the multiplet at &
3.34-3.30 (H12p) and the doublet at & 4.11 (H6B) were deshielded
by the B oriented electron lone pair on the nitrogen atom.

The *C NMR spectrum of 2 (Table 2), reported here for the first
time, together with the information from the coupled *C spectrum,
showed the presence of 17 carbon resonances, which could be
assigned to two methyl, three methylene, seven methine and five
quaternary carbon atoms, and from the HSQC experiment the
protonated carbon resonances could be unambiguously assigned.
From the HMBC spectrum, three bond correlations were observed
for H7 to C9 and to C10a, H10 to C8 and to C6a, and H2 to C4,
enabling us to identify the resonances of the quaternary carbons.
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Table 1: '"H ((500 MHz) ) and '*C NMR (125.7 MHz) spectroscopic data of compound 1 in CDCl;

Position  'H* (J in Hz) COSY NOESY Bcb HMBC*
H2,H3,H10b  H2, H10, HIOb, C2 - OCH; C3, C4a, C10a;
1 4.65,brs 68.7,d C2.C100; -
N 384382, m ML TMa HIL HIH3, 40, C2-OCH, o004 C4, cz-Cgc_Hj;c1,
3 5.61-5.59,m HI,H2, H4a, HI1  H2, H4a, HI1,C2-OCH;  1152,d Cl,C4a,Cll;-;-
4 144.0, s -

270, brd
(10.7)

60, 3.50,d (14.0)

4a

6B 4.15,d (14.0)

7 6.62.5
8
9
10 6.85,5
10a -
2.73,brd
10b (10.7)
n o 26528m
. 2.35, ddd
o (8.8,8.7.8.6)
3.35., ddd
128 (8.7,6.6.2.7)
C2-0CH, 3.52.53H
C8-OCH, 3.84,s 3H
C9-OCH, 3.89.s,3H

H2, H3, H10b
H6B, H7, H10b
Héo,, H7

Hé0,, H6B, C8 -
OCH;,

HI10b, C9 - OCH,

H1, Hda, H6a, H10
H2, H3, H12a,
HI2p,

HI1, HI28
HI1, HI2a
H7
HI0

H2, H3, H6a, H120L
H6p, H120, H4a, H7

H7, H6a, H12B

H6a, H6B, C8 - OCH;

H1, H10b, C9 - OCH,4

HI, HI0
H3, HI2B, H12a
HI1, H12p, H6a, Héa
H6B, H11, H12a

HI, H2, H3
H7
HI10

61.1,d
56.7,t

56.7,t
129.5,s
110.8,d

147.7,s
147.8,'s

107.4,d
126.1,s
41.7,d

28.6,t
53.9,¢

539t
57.6,q
55.9,q
56.0,q

C1,C6; Cl0b, C4; -

C7,Cl10a, C12;
Cé6a; -

C4a, C7, C10a; Cé6a;

C6, C9, C10a; Céa;
C10,C10b

Cé6a, C8, C10b;
Cl10a; C6, C7

-; Cl, C4a, Cl0a; -

C3,C4a;C4,Cl12; -

C6; C11; -
C4, C4a; C11; -
C2;-5-
C8;-; -
C9; -; -

8 500 MHz/CDCls; * 8 125.7 MHz/CDCls; ©J; 2J; %

Table 2: 'H ((500 MHz) ) and '*C NMR (125.7 MHz) spectroscopic data of compound 2 in CDCl,

Position 'H* (J in Hz) COSY NOESY Bcb HMBC®
] H2, H3, H10b H2, H10, H10b, C2 - C3, C4a, C10a;
1 4.61,brs OCH, 68.1,d C2.C10b; -
3 38358 m  HLHLHIL - HILH3H4a,C2-OCH; g0 g c4, Célf.(_)cnj;
3 5.60-5.58, m HI, H2, H4a, H11 H2, H11 115.6,d Cl, C4a; - ; -
4 - - - 143.8,s
4 2.(7196 lé;d H3, H10b H2, H6a, H120. 60.9.d ~.Clob; -
60, 355,d(13.7) H6B, H7,H1ob H6p, Hda, H7, H12a 56.6.t C7, cclg,_cn;
o 411,d(13.7) Hé6o, H7 H7, H6a, H10b 56.6.1 Cda, Ccég?ma;
6a - - 1284, s -
Hé6o, H6B, C8 - H6B, C8 - OCH,, H6ot C6, C9, C10a;
7 661,s OCH, 1102,d C6a, C8; C10b
8 - 145.4, s -
9 - - 144.5,s -
. H10b HI, H10b C6a, C8, C10b;
10 6.93,s 110.5,d €9, C10a: C6
10a - - - 127.1,s -
2.68,brd  HI, H4a, H6a, HI0O  HI, H10, H6B, C2 - -;Cl, C4a,
10b (10.6) OCHj; 41.4.d C10a; -
2.65-2.60,m  H2, H3, Hl20, H3, H12B, H12a o
11 o HI%, 28.7,t Cda ; C4;
120, 2.48-2.40, m HI11, HI2B H11, H12B, H6a, Hda 53.9,t C6; Cl1; -
128 3.34-3.30, m HI11, H12a HI1l, HI2a 53.9,t C4, Cda; C11; -
C2-OCH;  3.49,s,3H HI, H2, H10b 57.6,q C2i-:-
C8-OCH; 3.84,s,3H H7 H7 56.0,q C8;-;-

*$ 500 MHz/CDCl; ° § 125.7 MHz/CDCly; °*J: 2J: 47

The isolated alkaloids were tested for their acetylcholinesterase
(AChE), butyrylcholinesterase (BuChE) and prolyl oligopeptidase

References

(1]

Safratova ef al.

inhibitory activities (POP). Unfortunately, both compounds were
considered inactive in AChE/BuChE assays (ICso > 500 pM), but
showed important POP inhibition activity with ICsy values of 1.49 +
0.14 mM for 1 and 0.15 = 0.02 mM for 2. These obtained activities
are comparable with that of baicalin (ICso = 0.61 £ 0.02 mM),
which was used as a standard. Compound 2 is a four times more
potent inhibitor of POP than baicalin. Recent studies have
demonstrated that baicalin has a protective effect against brain
edema and cerebral ischemic damage [2b,c]. Some inhibitors of
POP have been found to be potent antidementia drugs [2d,3a], and
therefore, the inhibition of POP could be an important supporting
tool in the treatment of Alzheimer’s disease.

Experimental

General: NMR, Varian Inova VNMR S500 spectrometer; NOESY,
with a mixing time of 800 ms; ESI-HRMS, Waters Synapt G2Si
with hybrid mass analyzer quadrupole-time-of-flight (Q-TOF),
connected to a Waters Acquity I-Class UHPLC system. EI MS were
measured on a GC-MS system using an Agilent 7890A GC 5975
inert MSD operating in EI mode at 70 eV.

Plant material: Fresh bulbs of Zephyranthes robusta Baker,
obtained from the herbal dealer Lukon Glads (Sadska, Czech
Republic), were identified by Prof. L. Opletal, CSc. A voucher
specimen is deposited in the herbarium of the Faculty of Pharmacy
at Hradec Kralové.

Isolation of compounds: For compound 1, see the experimental
part of previous studies [la,b]. Compound 2 was isolated by prep
TLC (To: Et,NH, 95:5; 2x) from the mother liquor of fraction VL.
The detailed preparation of fraction VI is described in our previous
report [1b].

9-0O-Demethylgalanthine (2): 2,9—Dimeth0xy-2,3a1,4,5,7,1 1b-
hexahydro-1H-pyrrolo[3,2,1-de]phenanthridine-1,10-diol.

Orange crystals.

[a]p: - 32.4 (¢ 0.22, CHCl3).

"H NMR and "*C NMR (125 MHz, CDCl,): Table 2.

MS (EL 70 eV) m/z (%): 303 [M] " (23), 284 (10), 270 (12), 254
(17), 238 (5), 322 (8), 229 (90), 228 (100), 214 (8), 147 (9).
HRMS-Q-TOF MS ESI: m/z [M+H]" calc. for C;;H;NO;:
304.1549; found: 304.1559.

AChE, BuChE and prolyl oligopeptidase assays: The same
procedures were used as in our previous report [3b].
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