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Abstract

Corynantheine alkaloids with a tetracyclic indolefd]3&juinolizidine motif are an important

issue in academia and in the life science industries due to their broad bioactivity profile ranging
from antiarthritic, analgesic, anatiflammatory, antiallergic, antibacterial, to antiviral activities.

For that reasn, in the last decades, numerous efforts have been invested in the development of
novel synthetic strategies to obtain the indoleg;8uinolizidine systemThis review focuses

on the synthéc methodologiesleveloped to target the most important allddoof this family,

and highlights the potential use thiese alkaloids oanalogsto treatseveral diseases, ranging

from cancer tmeurodegenerative disorders.
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Introduction

Corynantheine alkaloids with a tetracyclic indolefa]3juinolizidine motif areof great interest

for academiaand pharmaceutical companies due to their broad bioactivity privfifact, his

type of indolealkaloids have been described with different biological activities, ranging from
antiarthritic, analgesicantrinflammatory,to anticanceractivities For this reasonin the last
decades, numerous efforts have been invested in the development of novel synthetic strategies
to obtain theindolo[2,3-a]quinolizidine system present in humerous monoterpedeit/ed
alkaloids[1-3] Since the chirality of the corynantheine alkaloids is crucial for the expression of
bioactivity, there is a huge interest in the development of new enantioselective synthesis to
obtainindolo[2,3-a]quinolizidine alkaloidsIn particular, several researchudies (development

of novel synthetic strategies and biological evaluation) have been conductedryiihntheine
alkaloids such as ithydrocorynantheine 1j, corynantheine 2), dihydrocorynantheol 3},
hirsutine @), hirsuteine §), and geissoschizine gl ether 6) (Figure 1).This review focus on

the pharmacological and therapeutic interest of indoledy8inolizidines and the most recent
advances in asymmetric synthetic strategies to obtain the main skeleton of these indole
alkaloids.All the papers described in this review were found using Scifitl@sMedand Web

of Science databases.
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Figure 1i Examples of corynantheine alkaloids.



1. Biological activities of indolo[2,3a]quinolizidine alkaloids

1.1 Arborescidine A and desbromoarborescidine A
In 1966, it was described the isolation h2,3,4,6,7hexahydrel12H-indolo[2,3-a]quinolizine
alkaloid (latter called desbromoarborescidine Apm Dracontomelum mangiferuid] The
cardiovascular activitiesf desbromoarborescidine &) andfive natural productinalogss-12
(Figure 2) were evaluatedby studying he effect of these alkaloids ihlocking Alphal and
Alpha2 adrenoceptordesbromoarborescidine &) showed a strong blocking activiof the
adrenoceptorsompared with the other 5 alkaloids.fact, the presence of a hydroxybgp at
position 1 led to loss of activifyp]
In 1993, it was described the isolation of the brominated indole alkaloid arborescidirg A
from the marine tunicaté’seudodistoma arboresce®] The antiproliferative activity of
desbromoarborescidine X)(andarborescidine A13) (Figure2) was evaluateth vitro against
several tumor cell lines (lung fibroblasts, gastric adenocarcinoma, leukemia and others).
Arborescidine A (13) showed an Ig value of 34.5 uM for leukemia, while

desbromoarborescidine &) was weakly active in all tumor cell lines testeds(l@igher than

50uM).[7]
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Figure2i Chemical structure afesbromoarborescidine X)( indoloquinolizidines8-12, and

arborescidine AX3).



1.2 Dihydrocorynantheine (1), corynantheine(2), and derivatives
I n t he | a teteal r8pdrted the@tieatsraj dihydrocorynantheidg (6eeFigurel) in
arterial pressureThe alkaloid was extracted from the dried leaves and stemdnoéria
Callophylla and the studies demonstrated that dihydrocorynanth&)neat effectively lower
the arterial pressure in both anaesthetized and conscious normoteng®j rats.
Later, Masumiyaet al. described that dihydrocorynantheir® 6howed direct effects on the
potential action of cardiac muscle through inhibition of multiple ion channels, vducld
explain their negative chronotropic and antiarrhythmic act(@ty.
In 2000, dihydrocorynantheind)( corynantheine2), and corynantheidinelf) were isolated
from bark of Corynanthe pachycera&. Schum. (Rubiaceae). These alkaloids, and two
corynantheidine racemigynthetic derivative45-16 (Figure3), were tested against Leishmania
major promastigotes. All compounds were active for Leishmania, presentyggvallies
between 0.7 and 2.8 uMThe three alkaloids were also evaluated for antiplasmodial and

cytotoxicactivities but revealed to be inactipE]]

OMe

MeO,C

Corynantheidine (14) 15 16

Figure31 Chemical structure of corynantheidiriel and two synthetic derivativd$-16.

1.3 Dihydrocorynantheol (3) and derivatives
In 2011, Frodeds resear ch @antiomflapmatorg pfleatstoe d
dihydrocorynantheol(3) (see Figure 1), an alkaloid isolated fronEsenbeckia leiocarpa
Dihydrocorynantheo(DHC) (3) was shown to play a pivotal role in the anflammatory
effect exercised by this herb by preventing i Uubiquitination and consequent degradation,
inhibiting thus the NFeB cascade and, consequently, the production of several pro

inflammatory mediators, such as-1b and TNFU[11]

o
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A series of estedihydrocorynantheotlerivatives PHC-acetyl 17, DHC-p-methylbenzoyl18,
DHC-benzoyl19, DHC-p-methoxybenzoyP0 and DHGp-chlorobenzoyl21) (Figure 4) were

also tested as artifflammatory agents. It was observed that protection of the hydroxyl group
resulted in a decrease of activityhich indicates thathe presence of a hydroxyl group in the
chemical structure oflihydrocorynantheo(3) is important for the activity of this alkaloid

against inflammatiofl2]

“u, w, /

17R =CHj;
18 R = p-CH;3CgH, OCOR
19 R = C¢Hs

20 R = p-CH3;0C¢H,
Dihydrocorynantheol (3) 21R =p—Cl(56H4

Figure4 - Chemical structure of dihydrocorynanthe®j énd indoloquinolizidine47-21.

1.4 Hirsutine (4), hirsuteine (5), geissoschizine methyl ether (6) and derivatives
Hirsutine @), hirsuteine %) and geissoschizinmethyl ether §) (see Figure 1) are the primary
constituents ofUncaria sp. Hirsutine 4), isolated fromUncaria rhynchophylla(traditional
Chinese herb medicine), was described to possess antihypertensive and antiarrhythmic activities
through modulation fothe intracellular C# levels in rat thoracic aofth3] and action potential
in cardiac muscl®]. Moreover, hirsutined4) was shown to be effective in the protection of rat
cardiomyocytes fronhypoxiainduced cell deatfil4] Moreover, he effects of hirsuting4),
hirsuteine $) and geissoschizine methyl ethé) (Figure 1), extracted fronUncariae Ramulus
et Uncus were evaluatedn vascular responses. Geissoschizine methyl éhgroved to be
14 times more active (Bg = 0.744uM) than hirsuting(4), in norepinephrinenduced
vasocontractive responsélso, geissoschizine methyl ethdg6) was shown to have two
different mechanisms of action: endothelium dependency with nitric oxide and endothelium
independency with voltaggependent CA - channel blocking. Therefore, geissoschizine
methyl ethei(6) might be a candidate for vasodilative oriypertensive medicind4d.5]

In 2011, villocarine A(Figure5) was isolated from the leaves d0hcaria villosa(Rubiaceae).

In thatreport,the authors describe villocarine A as a new indole alkatmdeverthe structure
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is identical to the indole alkaloid-&pi-geissoschizine methyl ethé?). Villocarine A showed
potent vasorelaxant effects at 30 in rat aortic ring assays, realed some inhibition effect on
vasocontraction of depolarized aorta with high concentration potassium, and shbilvéibn

effect on phenylephrine (PH)duced contraction in the presence of nicardipine in & Ca
concentratiordependent manngt6, 17)

In 2011, T. Uedaet al. demonstrated that geissoschizine methyl etéeis a partial agonist at

the serotonin 81T receptor, a partial agonist/antagonist at the dopampneddeptor and an
antagonist at the serotonirH »,, 5-HT,c and 5HT; receptors. The pharmacological profiles

of geissoschizine methyl ethé) were similar to aripiprazole (commercial drug used for the
treatment of schizophrenia and related disorders)ekery geissoschizine methyl etl{éy was

less potent than aripiprazole at dopaminereceptors (E€=4 . 4 e M f or gei ssoschi
ether(6) vs. EG=56 nM for aripiprazole)18 Moreover, in 2012gissoschizine methyl ether

(6) was described aa potential acetylcholinesterase inhibitor. In this studiysutine @),
hirsuteine(5), and vallesiachotaming3) (Figure 5), extracted from the hooks dfncaria
Rhynchophylla were also tested. The results showed an inhibition of 50% of
acetylcholinesterase acti vitfgrgeissoschizine methylt r at i on
ether(6). Hirsuine (4), hirsueine (5), and vallesiachotaming@3) were weakly active against
acetylcholinesteradd.9] Moreover, turbinatiné24) (Figure5),[20] a corynantheatype indole
alkaloid, with a similar structure with geissoschizine mkthether (6), inhibited
acetylcholinesterase withansf®» f 0. 9919 g mL

The efficacy of hirsuting4) on neuroinflammation control was also explored. It was shown that
hirsutine (4) reduces the production of several neurotoxic factors in activated microglial cells
and possesses neuroprotective activity in a model of inflammiatimeced neurotoxicity. In
particular, in organotypic hippocampal slice cultures, hirsu@iydlocked lipgolysaccharide
related hippocampal cell death and production of nitric oxide, prostaglapdimdEnterleukin

1 §21]

In 2014, a new alkaloid,-geissoschizin®&l-oxide methyl(25) (Figure5), was isolated from the

hookbearing branch ofincaria rhynchophyllaThe neuroprotective effects of this compound,
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and 5 other alkaloidghirsutine (4), hirsuteine(5), 4-hirsuteineN-oxide (26), geissoschizine
methyl ether (6), 3-epigeissoschizine methyether (22)] were evaluated against 3mM
glutamateinduced HT22 cell death. ThegeissoschizineN-oxide methyl ethe(25) and 4
hirsuteineN-oxide (26) compounds revealed to be weak neuroprotective agents. On the other
hand, the remaining compounds showgatent neuroprotective effects against glutamate

induced HT22 cell deaff22]

CO,Me

Villocarine A/ Vallesiachotamine (23)
3-epi-geissoschizine methyl ether (22)

MeO,C

4-Geissoschizine /V-oxide methyl ether (25) 4-Hirsuteine N-oxide (26)

Figure 51 Chemical structure @-epi-geissoschizine methyl ethétd), vallesiachotamine2@),

turbinatine 24), 4-geissoschizin&l-oxide methyl ether2b), 4-hirsuteineN-oxide 26).

Hirsutine (4) wasalsoidentified as a antimetastatic by targetinguclearfactorkB activation
from a screening of 56 natural product derivatives particular, frsutine (4) strongly
suppressetNF-kB activity in murine 4T1 breast cancer cells, radg¢he metastatic potential
of 4T1 cells Moreover hirsutine(4) reduced thén vivo lung metastét potential of 4T1 cells.
These results indicatimat hirsutine(4) canbe an attractive lead compound for reducihg

metastasis potential of cancer c¢fiS]

1.5 Arboricinine and arboricine



Arboricinine (27) and arboricing28) (Figure 6) were isolated from stefibark extract of the
Malayan Kopsia arborea Theseindoloquinolizidines revealed moderate cytotoxicity against
KB/VJ300 cell lines a vincristineresistant human oral epidermoid carcinoma, witg i@lues

around 30 uM24]

Arboricinine (27) Arboricine (28)

Figure6i Chemical structure of arboricining®) and arboricineZ8).

1.6 Vallesiachotamine
In 1981, Z-vallesiachotaming29) (Figure 7), a monoterpene indole alkaloid, isolated from
Rhaza strictawas reported to have anticancer propertiea @arcinoma cell lin€25 Latter,
thein vitro antiproliferative activity of allesiachotamine isolated from the leave®olicourea
rigida was investigatedn human melanoma cell§he compound presented and®alue of
14.7 pM in SKMEL-37 melanoma cell§two times more active than doxorubiginjiduced
accumulation of melanoma cells in t®/G1 growth phaseand increased the proportion of
subG1 hypodiploid cells (at 11 uM and 22 pM). Moreover, at 50 puM, vallesiachotamine
caused extensive cytotoxicity and necr¢2g].
Vallesiachotamine was also tested for therapeutic targetdved in neurodegeneration. In
particular,extracts obtained froRsychotria laciniatacontainingZ-vallesiachotamin€29), and
E-vallesiachotamine(30) (Figure 7) as major compoungdsshowed high potency against
monoamine oxidase A (MA@) and only moderatepotency againsinonoamine oxidase B
(MAO-B).[27] Moreover Z-vallesiachotamine (29), E-vallesiachotamine (30), and
vallesiachotamine lacton@1) (Figure 7) were shown to inhibit butyrylcholinesterase (BChE)
and MAG-A with 1Csq values ranging froni.08to 14 pM for BChE inhibition and from 0.85 to
2.14 uM for MAO-A inhibition.[28] Finally, usinga computational structwigased approach, it

was investigated ifthese three alkaloidbind sirtuin 1 andsirtuin 2. The compounds



demonstrated a SIRT1 inhibitory profile comparable to thasidfnol (nonspecific SIRT
inhibitor). Opposite to Z-vallesiachotamine (29) and E-vallesiachotamine (30),

vallesiachotamine lactoné81) demonstrated no apparetuxicity on Hek 293 and on rat
astrocyte primary cellR9] These findings are in line with the studf Z-vallesiachotamine

(29) on human melanoma ce[l26]

| \
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CO,Me CO,Me

CO,Me
CHO \/\ CHO

I

O
Z-Vallesiachotamine (29) E-Vallesiachotamine (30) Vallesiachotamine lactone (31)

Figure71 Chemical structure df-vallesiachotamine2Q), E-vallesiachotamine3(), and

vallesiachotamine lacton81).

1.7 Mitragynine and derivatives
In 2005, Matsumotet al. have studied the effect of mitragynif82) (Figure8), a major indole
alkaloid founded in Thai medicinal heMitragyna speciosaon neurogenic contraction of
smooth muscle. The result®rdonstrated that itnagynine (32) inhibited the contraction of
guineapig vas deferens produced by electrical transmural stimulation. More precisely,
mitragynine (32) was found to block Tand Ltype C&" channel currentaind reduced KGI
induced C&' influx in N1E-115 neuroblastoma cell80]
Oneyearlater, 7-hydroxyspeciociliating33) (Figure8) was isolated, for the first time, from the
fruits of Malaysian Mitragyna speciodéorth. The opioid agonistic activity of th alkaloidand
7-hydroxymitragynine 34) was investigated in guingag ileum experimentsThe results
demonstrated thaf-hydroxyspeciociliatine 33) had a weak stimulatory effect on-gpioid
receptorg31] while 7-hydroxymitragynine (34) had moderate opioid agonist activityas
reportedpreviously[32, 33
Also, 9-demethyl analogue of mitragynine,-h9droxycorynantheidine(35) (Figure 8),

synthesized from mitragynine, was reported aapartial agonist of opioid receptors. The
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receptor binding assays revealed thatyfroxycorynantheiding35) has affinity for three
opioid receptor typedn particular 9-hydroxycorynantheiding35) (Figure § presentedK;
values of 7.92 4.51 and 5.53, fop-, - ain dopi@d receptorsrespectivelyThe results show
that Shydroxycorynantheidine 35) has a high affinity and selectivity for jopioid
receptorg34]

Also, recentlyShamimaet al investigated the action of mitragyniif@2) as antinociceptive
agent.The goal of this study was to understand if mitragynjg® acts on Cannabinoid
receptor type 1The results demonstrated thaitragynine(32) d o es n ot act on Cann
receptor type 1 buthrough activation of opioid receptor system, more preciselg-and U-
opioid receptor$35|

More recently, twalerivativesof 7-hydroxymitragynine (compound$ and37, Figure8), were
synthesized in order to develdpalactinge- andi-opioid agonistsCompound37 was shown
to be more potentn vitro andin vivo, than compound36 and 7-hydroxymitragynine(34).
Compound37 exhibited a high affinity foe- andU-opioid receptors, with Kvalues of 2.1 and
7.0 nM, respectively, whileompound36 reveled K values of 64 nM (g-opioid receptor) and
16.0 nM (-opioid receptor). Moreover, the antinociceptive effect coimpound37 was
approximately 240 times more potent than that of morphine in a moudkckatest and, for

this reasorcompound37 could be used as poté@dttherapeutic agent for treating neuropathic

pain[36]
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Mitragynine (32) 7-Hydroxymitragynine (34) 36

OMe OH OMe
OH

OMe OMe

Me0,C Mc0,C

7-Hydroxyspeciociliatine (33) 9-Hydroxycorynantheidine (35) 37
Figure81 Chemical structure ahitragynine 82), 7-hydroxyspeciociliatine33), 7-

hydroxymitragynine 4), 9-hydroxycorynantheidine3g) and indoloquinolizidine86-37.

1.8 Non-natural indolo[2,3-a]quinolizidine derivatives
Takanawaet al, reported thesynthess of 10 mitragynine derivatives in order to perform a
structureactivity relationship studyThe rational was basesh the fact thatnitragynine 82)
has analgesic activityhe effects of corynantheidiné4) (Figure 3, mitragynine 82) (Figure
8), synthetic derivative85, 38-46, and peciociliatine 47) (Figure9) were evaluatedn opioid
receptors using electrically stimulateccontraction in isolated guinea pig ileunseven
compounds(compounds32, 35, 42-43, and 45-47) revealed an interesting potency against

opioid receptors (Graph 1).

39 R=Et
38 40 R=i-Pr
41 R=CH,0CH;
42R-Ac

43 R=Ac 45 R=Me Speciociliatine (47)
44 R=H 46 R=Et

Figure 91 Chemical structure of mitragynine derivativ&é46 andspeciociliatine 47).
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The potency of mitragynine3®) revealed to be or®urth of morphine (standard compound
that has a relative potency of 100%). Thealeinethoxy analogue of mitragynine, i.e.
corynantheidine 14), did not show any opioid agistic activity. However, analysis of its
effects on twitch contraction inhibited bynorphine atropine, and verapamil in electrically
stimulated guinea pig ileum, showed that corynantheididgiGhibits the effect of morphine
via functional antagonism adpioid receptorsOn the other hand,-Bydroxycorynantheidine
(35) inhibited electrically induced twitch contraction in guinea pig ileum andaledeelative
potency higher than mitragynir{82). The intoduction of the acetoxy groum the indole ring
(compound42), ledto marked reduction in both intrinsic activity and potency as compared with
those of mitragynine3@) (Graph 1. Mitragynine derivativel1 did not slow any opioid agonist
activity, whichindicates that the functional groups at the C9 position are very impéstahe
activity of these compounds.

Speciociliatine 47), a C-3 stereoisomer of mitragyning?2), could be found as a minor
constituent onMitragyna speciosa This compound reveledo be 14fold weaker than
mitragynine (32). The introduction of a methoxy or an ethoxy group at th& gosition
respectivelycompound#i5 and46, led to a dramatic reduction in potency for opioid receptors
and, which indicates thathe hydrogen atorat the G7 position in mitragyning32) has an
important rolefor the activity. Finally, compoundt4, showed a relative potend- and 46fold
higher for opioid receptorghan thoseof derivative 39 and mitragynine(32), respectively.
Compound44 demonstrated affinitglso forl- a n dreceptors.

The relativeaffinities of compoundsl4, 32, 35and44,f o r the three opioid rec¢
9) , we r e udirgyteeeptonibindng ssay (Grap2) using morphine as comparison
standardThe results show that these compounds have relatively high selectivitydoeptors
Moreover, mitragynine(32) revealed some affinity fori-receptor, while compound 44

demonstrated affinitjor both- a n dreceptorg37]
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Waldmannet al. evaluated a collection of approximately 11000 natpratluct derived and
inspired compounds as apoptosis inducers. From that library, seven indoloquinolizidine
derivatives48-54 (Figure 10) were considered potential apoptosis inducers in three human
tumar cell lines, presenting values ofsiGround 2umol L™ in HelLa (cervix), MCF7 (breast)

cell lines and in HepG2 (liver, with slightly lower efficiency) cell lij8§]
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Figure10 - Chemical structure ahdoloquinolizidine derivatived8-54.

A series of 20ndolo[2,3a]quinolizidine-peptide hybrids was synthesized and evaluated for D
dopamine receptors (R) and B dopamine receptors ¢R). Two diastereomeric indolo[2,3
alquinolizidines were coupled with tripeptides in order to enhance the affinity of the
indoloquinolizidine moiety for the dopamine receptors. Several compounds presented higher
affinities than dopamine. Furthermore, it was shown thans (C-3 and G12b)
indoloquinolizidine derivatives had stronger effect in the interaction with the reseptoicis
indoloquinolizidine derivatives (Figur#l).[39] The functional characterization of the hybrid
compound6l1 by means of kinetic assays and competition experiments in radioligand binding,
demonstrated that indoloquinolizidipeptide61 behaves as an orthosteric ligand of dopamine
D,, Ds;, D, and D receptors, but as a negative allosteric modulator of agonisarmadonist
binding to striatal dopamine jDreceptors. In addition, compourgll decreased receptor

potency, while preserving agonistduced maximal cAMP productidd0]
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Figurelli Most active indoloquinolizidingeptide hybrids.

In 2015, a novel indoloquinolizidine derivatig@ (Figure12) was synthesized and evaluated as

an antihypertension agent. The compound showed remarkable antihypertensive and dilating
effect both in vito and in vivo. Moreover, it was shown that compous® induced
vasodilatation by both endotheliudependent anthdependent manners, blocked?Cinflux

through Ltype C&" channels and inhibited intracellular Caelease while not affecting ‘K
channel41]
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MeO,C O)H/\S/\

62

Figure12i Chemical structure of indoloquinolizidine derivat&2

In tables 1 and 2the reader can find a summary of the mdoidgical propertieglescribedo

datefor Indolo[2,3-a]quinolizidines and derivatives.
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Table 1i Biological properties of Indolo[2;8]quinolizidines and derivatives.

Compound Speciedsolated from Effects Refs
UncariaCallophylla - lowersthe arterial pressure in both anaesthetized and conscious normotensive [8-10]
oy - inhibition of multiple ion channels
OMe
MeO,C Corynanthepachyceras - active for Leishmania
Dihydrocorynantheine (1)
Corynanthepachyceras - active for Leishmania [10]
OMe
MeO,C
Corynantheine (2)
Esenbeckialeiocarpa - antrinflammatory effects [11]

Dihydrocorynantheol (3)
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Uncariarhynchophylla - antihypertensive anantiarrhythmic activities [9, 1314,
g - reduces the production of several neurotoxic factors in activated microglial cel 21-23]
Me0,C ome possesses neuroprotective activity in a model of inflammdatigduced neurotoxicity
Hirsutine () - potent neuroprotective effects against glutamate irtiti¥22 cell death
antimetastatic
- potent neuroprotective effects against glutamate induced HT22 cell death [22]
"’“////
OMe
MeO,C
Hirsuteine (5)
Uncariae Ramulus el - Active in norepinephrinénduced vasocontractive response [15, 1819,
Uncus partial agonist at the serotoninHA 1A receptor, a partial agonist/antagonist at | 22]

OMe
Geissoschizine methyl ether (6)

dopamine D2L receptor and an antagonist at the serotedifi2®, 5-HT2C and 5
HT7 receptors
- potential acetylcholinestesa inhibitor

- potent neuroprotective effects against glutamate induced HT22 cell death
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Corynanthepachyceras - active for Leishmania [10, 37]

- affinity for opioid receptors

OMe
MeO,C

Corynantheidine (14)

Dracontomelum - blockingof Alpha-1 and Alpha2 adrenoceptors [5]
mangiferum
Pseudodistomarboresceng - ICsq value of 34.5 uM for leukemia [6-7]
Uncariavillosa - potent vasorelaxant effects at |38l in rat aortic ring assays [16-17, 22]
N
N
a - potent neuroprotective effects against glutamate induced HT22 cell death

CO,Me

Villocarine A/
3-epi-geissoschizine methyl ether (22)
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Uncaria rhynchophylla - acetylcholinesterase inhibitor [19]
MalayanKopsiaarborea - moderate cytotoxicity againkB/VJ300 cell lineqICsq values around 30 uM [24]
MalayanKopsiaarborea - moderate cytotoxicity againkB/VJ300 cell lineqICsq values around 30 uM [24]

oj\

Arboricine (28)
Rhazastricta - anticancer properties on a carcinoma cell line [25, 28]
- inhibit butyrylcholinesterase (BChE)
CO,Me
K\CHO Policourearigida Mixture of isomersZ andE: [26-27-28]

Z-Vallesiachotamine (29)

- ICgo value of 14.7 uM in SKMEL-37 melanoma cells

- high potency againstmonoamine oxidase A (MAD

21




Psychotrialaciniata - inhibit butyrylcholinesterase (BChE) [28]
E-Vallesiachotamine (30)
OMe Mitragynaspeciosa - analgesic activity in N1E 15 neuroblastoma cells [30, 37
OMe
MeO,C
Mitragynine (32)
oMe Mitragynaspeciosa - moderate opioidgonist activity [32 33

OMe
MeO,C

7-Hydroxymitragynine (34)
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Table 2i Biological properties oindolo[2,3-a]quinolizidine derivatives.

Compound Effects Refs
OH - partial agonist of opioid receptoisgh affinity and selectivity for opioid receptors [34]
OMe
MeO,C
9-Hydroxycorynantheidine (35)
OMe - high affinity fore- andU-opioid receptors [36]
37
oH - affinity for opioid receptors [37]

OMe
MeO,C

9-Hydroxycorynantheidine (35)
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- affinity for opioid receptors

[37]

- potential apoptosis inducers in three human tumor cell lines (HeLa-M&td HepG2 cel

lines)

[38]

- orthosteric ligand of dopamine,PDs;, D4 and B receptors; negative allosteric modulator

agonist and antagonist binding to striatal dopamineeBeptors.

[39-40]

- blocked C&' influx through L:type C&" channels and inhibited intracellular Ceelease

[41]
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