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Abstract 

Corynantheine alkaloids with a tetracyclic indole[2,3-a]-quinolizidine motif are an important 

issue in academia and in the life science industries due to their broad bioactivity profile ranging 

from antiarthritic, analgesic, anti-inflammatory, antiallergic, antibacterial, to antiviral activities. 

For that reason, in the last decades, numerous efforts have been invested in the development of 

novel synthetic strategies to obtain the indole[2,3-a]-quinolizidine system. This review focuses 

on the synthetic methodologies developed to target the most important alkaloids of this family, 

and highlights the potential use of these alkaloids or analogs to treat several diseases, ranging 

from cancer to neurodegenerative disorders. 

 

 

 

Keywords: Indoloquinolizidines; Corynantheine alkaloids; Indole alkaloids; Natural products; 

Bioactivity 

 

  



3 

 

Introduction  

Corynantheine alkaloids with a tetracyclic indole[2,3-a]-quinolizidine motif are of great interest 

for academia and pharmaceutical companies due to their broad bioactivity profile. In fact, this 

type of indole alkaloids have been described with different biological activities, ranging from 

antiarthritic, analgesic, anti-inflammatory, to anti-cancer activities. For this reason, in the last 

decades, numerous efforts have been invested in the development of novel synthetic strategies 

to obtain the indolo[2,3-a]quinolizidine system present in numerous monoterpenoid-derived 

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 

obtain indolo[2,3-a]quinolizidine alkaloids. In particular, several research studies (development 

of novel synthetic strategies and biological evaluation) have been conducted with corynantheine 

alkaloids, such as dihydrocorynantheine (1), corynantheine (2), dihydrocorynantheol (3), 

hirsutine (4), hirsuteine (5), and geissoschizine methyl ether (6) (Figure 1). This review focus on 

the pharmacological and therapeutic interest of indolo[2,3-a]quinolizidines 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 Scifinder, PubMed, and Web 

of Science databases.  

  

 

Figure 1 ï Examples of corynantheine alkaloids. 
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1. Biological activities of indolo[2,3-a]quinolizidine alkaloids 

 

1.1 Arborescidine A and desbromoarborescidine A 

In 1966, it was described the isolation of 1,2,3,4,6,7-hexahydro-12H-indolo[2,3-a]quinolizine 

alkaloid (latter called desbromoarborescidine A) from Dracontomelum mangiferum.[4] The 

cardiovascular activities of desbromoarborescidine A (7) and five natural product analogs 8-12 

(Figure 2) were evaluated by studying the effect of these alkaloids in blocking Alpha-1 and 

Alpha-2 adrenoceptors. Desbromoarborescidine A (7) showed a strong blocking activity of the 

adrenoceptors compared with the other 5 alkaloids. In fact, the presence of a hydroxyl group at 

position 1 led to loss of activity.[5] 

In 1993, it was described the isolation of the brominated indole alkaloid arborescidine A (13) 

from the marine tunicate Pseudodistoma arborescens.[6] The antiproliferative activity of 

desbromoarborescidine A (7) and arborescidine A (13) (Figure 2) was evaluated in vitro against 

several tumor cell lines (lung fibroblasts, gastric adenocarcinoma, leukemia and others). 

Arborescidine A (13) showed an IC50 value of 34.5 µM for leukemia, while 

desbromoarborescidine A (7) was weakly active in all tumor cell lines tested (IC50 higher than 

50 µM).[7]  

  

 

Figure 2 ï Chemical structure of desbromoarborescidine A (7), indoloquinolizidines 8-12, and 

arborescidine A (13). 
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1.2 Dihydrocorynantheine (1), corynantheine (2), and derivatives  

In the late 80ôs Chang et al. reported the effects of dihydrocorynantheine (1) (see Figure 1) in 

arterial pressure. The alkaloid was extracted from the dried leaves and stems of Uncaria 

Callophylla and the studies demonstrated that dihydrocorynantheine (1) can effectively lower 

the arterial pressure in both anaesthetized and conscious normotensive rats.[8] 

Later, Masumiya et al. described that dihydrocorynantheine (1) showed direct effects on the 

potential action of cardiac muscle through inhibition of multiple ion channels, which could 

explain their negative chronotropic and antiarrhythmic activity.[9] 

In 2000, dihydrocorynantheine (1), corynantheine (2), and corynantheidine (14) were isolated 

from bark of Corynanthe pachyceras K. Schum. (Rubiaceae). These alkaloids, and two 

corynantheidine racemic synthetic derivatives 15-16 (Figure 3), were tested against Leishmania 

major promastigotes. All compounds were active for Leishmania, presenting IC50 values 

between 0.7 and 2.8 µM. The three alkaloids were also evaluated for antiplasmodial and 

cytotoxic activities but revealed to be inactive.[10] 

 

 

Figure 3 ï Chemical structure of corynantheidine (14) and two synthetic derivatives 15-16. 

 

1.3 Dihydrocorynantheol (3) and derivatives 

In 2011, Frºdeôs research group reported for the first time the anti-inflammatory effects of 

dihydrocorynantheol (3) (see Figure 1), an alkaloid isolated from Esenbeckia leiocarpa. 

Dihydrocorynantheol (DHC) (3) was shown to play a pivotal role in the anti-inflammatory 

effect exercised by this herb by preventing the IəB Ŭ ubiquitination and consequent degradation, 

inhibiting thus the NF-əB cascade and, consequently, the production of several pro-

inflammatory mediators, such as IL-1ɓ and TNF-Ŭ.[11]  
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A series of ester dihydrocorynantheol derivatives (DHC-acetyl 17, DHC-p-methylbenzoyl 18, 

DHC-benzoyl 19, DHC-p-methoxybenzoyl 20 and DHC-p-chlorobenzoyl 21) (Figure 4) were 

also tested as anti-inflammatory agents. It was observed that protection of the hydroxyl group 

resulted in a decrease of activity, which indicates that the presence of a hydroxyl group in the 

chemical structure of dihydrocorynantheol (3) is important for the activity of this alkaloid 

against inflammation.[12] 

 

Figure 4 - Chemical structure of dihydrocorynantheol (3) and indoloquinolizidines 17-21. 

 

1.4 Hirsutine (4), hirsuteine (5), geissoschizine methyl ether (6) and derivatives 

Hirsutine (4), hirsuteine (5) and geissoschizine methyl ether (6) (see Figure 1) are the primary 

constituents of Uncaria sp. Hirsutine (4), isolated from Uncaria rhynchophylla (traditional 

Chinese herb medicine), was described to possess antihypertensive and antiarrhythmic activities 

through modulation of the intracellular Ca
2+

 levels in rat thoracic aorta[13] and action potential 

in cardiac muscle[9]. Moreover, hirsutine (4) was shown to be effective in the protection of rat 

cardiomyocytes from hypoxia-induced cell death.[14] Moreover, the effects of hirsutine (4), 

hirsuteine (5) and geissoschizine methyl ether (6) (Figure 1), extracted from Uncariae Ramulus 

et Uncus, were evaluated on vascular responses. Geissoschizine methyl ether (6) proved to be 

14 times more active (EC50 = 0.744µM) than hirsutine (4), in norepinephrine-induced 

vasocontractive response. Also, geissoschizine methyl ether (6) was shown to have two 

different mechanisms of action: endothelium dependency with nitric oxide and endothelium 

independency with voltage-dependent Ca
2+

 - channel blocking. Therefore, geissoschizine 

methyl ether (6) might be a candidate for vasodilative or antihypertensive medicines.[15]  

In 2011, villocarine A (Figure 5) was isolated from the leaves of Uncaria villosa (Rubiaceae). 

In that report, the authors describe villocarine A as a new indole alkaloid, however the structure 
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is identical to the indole alkaloid 3-epi-geissoschizine methyl ether (22). Villocarine A showed 

potent vasorelaxant effects at 30 µM in rat aortic ring assays, revealed some inhibition effect on 

vasocontraction of depolarized aorta with high concentration potassium, and showed inhibition 

effect on phenylephrine (PE)-induced contraction in the presence of nicardipine in a Ca
2+

 

concentration-dependent manner.[16, 17]  

In 2011, T. Ueda et al. demonstrated that geissoschizine methyl ether (6) is a partial agonist at 

the serotonin 5-HT1A receptor, a partial agonist/antagonist at the dopamine D2L receptor and an 

antagonist at the serotonin 5-HT2A, 5-HT2C and 5-HT7 receptors. The pharmacological profiles 

of geissoschizine methyl ether (6) were similar to aripiprazole (commercial drug used for the 

treatment of schizophrenia and related disorders), however, geissoschizine methyl ether (6) was 

less potent than aripiprazole at dopamine D2L receptors (EC50=4.4 ɛM for geissoschizine methyl 

ether (6) vs. EC50=56 nM for aripiprazole).[18] Moreover, in 2012, gissoschizine methyl ether 

(6) was described as a potential acetylcholinesterase inhibitor. In this study, hirsutine (4), 

hirsuteine (5), and vallesiachotamine (23) (Figure 5), extracted from the hooks of Uncaria 

Rhynchophylla, were also tested. The results showed an inhibition of 50% of 

acetylcholinesterase activity at concentrations of 3.7Ñ0.3 ɛg mL
-1
 for geissoschizine methyl 

ether (6). Hirsutine (4), hirsuteine (5), and vallesiachotamine (23) were weakly active against 

acetylcholinesterase.[19] Moreover, turbinatine (24) (Figure 5),[20] a corynanthean-type indole 

alkaloid, with a similar structure with geissoschizine methyl ether (6), inhibited 

acetylcholinesterase with an IC50 of 0.99 ɛg mL
-1
.[19]  

The efficacy of hirsutine (4) 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 inflammation-induced neurotoxicity. In 

particular, in organotypic hippocampal slice cultures, hirsutine (4) blocked lipopolysaccharide-

related hippocampal cell death and production of nitric oxide, prostaglandin E2 and interleukin-

1ɓ.[21] 

In 2014, a new alkaloid, 4-geissoschizine N-oxide methyl (25) (Figure 5), was isolated from the 

hook-bearing branch of Uncaria rhynchophylla. The neuroprotective effects of this compound, 
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and 5 other alkaloids [hirsutine (4), hirsuteine (5), 4-hirsuteine N-oxide (26), geissoschizine 

methyl ether (6), 3-epi-geissoschizine methyl ether (22)] were evaluated against 3mM 

glutamate-induced HT22 cell death. The 4-geissoschizine N-oxide methyl ether (25) and 4-

hirsuteine N-oxide (26) compounds revealed to be weak neuroprotective agents. On the other 

hand, the remaining compounds showed potent neuroprotective effects against glutamate 

induced HT22 cell death.[22] 

 

 

Figure 5 ï Chemical structure of 3-epi-geissoschizine methyl ether (22), vallesiachotamine (23), 

turbinatine (24), 4-geissoschizine N-oxide methyl ether (25), 4-hirsuteine N-oxide (26). 

 

Hirsutine (4) was also identified as an anti-metastatic by targeting nuclear factor-kB activation 

from a screening of 56 natural product derivatives. In particular, hirsutine (4) strongly 

suppressed NF-kB activity in murine 4T1 breast cancer cells, reducing the metastatic potential 

of 4T1 cells. Moreover, hirsutine (4) reduced the in vivo lung metastatic potential of 4T1 cells. 

These results indicate that hirsutine (4) can be an attractive lead compound for reducing the 

metastasis potential of cancer cells.[23]  

 

 

1.5 Arboricinine and arboricine  
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Arboricinine (27) and arboricine (28) (Figure 6) were isolated from stem-bark extract of the 

Malayan Kopsia arborea. These indoloquinolizidines revealed moderate cytotoxicity against 

KB/VJ300 cell lines, a vincristine-resistant human oral epidermoid carcinoma, with IC50 values 

around 30 µM.[24] 

 

Figure 6 ï Chemical structure of arboricinine (27) and arboricine (28). 

 

1.6 Vallesiachotamine 

In 1981, Z-vallesiachotamine (29) (Figure 7), a monoterpene indole alkaloid, isolated from 

Rhaza stricta, was reported to have anticancer properties on a carcinoma cell line.[25] Latter, 

the in vitro antiproliferative activity of vallesiachotamine isolated from the leaves of Policourea 

rigida was investigated on human melanoma cells. The compound presented an IC50 value of 

14.7 µM in SK-MEL-37 melanoma cells (two times more active than doxorubicin), induced 

accumulation of melanoma cells in the G0/G1 growth phase and increased the proportion of 

sub-G1 hypodiploid cells (at 11 µM and 22 µM). Moreover, at 50 µM, vallesiachotamine 

caused extensive cytotoxicity and necrosis.[26]  

Vallesiachotamine was also tested for therapeutic targets involved in neurodegeneration. In 

particular, extracts obtained from Psychotria laciniata containing Z-vallesiachotamine (29), and 

E-vallesiachotamine (30) (Figure 7) as major compounds, showed high potency against 

monoamine oxidase A (MAO-A) and only moderate potency against monoamine oxidase B 

(MAO-B).[27] Moreover, Z-vallesiachotamine (29), E-vallesiachotamine (30), and 

vallesiachotamine lactone (31) (Figure 7) were shown to inhibit butyrylcholinesterase (BChE) 

and MAO-A with IC50 values ranging from 7.08 to 14 µM for BChE inhibition and from 0.85 to 

2.14 µM for MAO-A inhibition.[28] Finally, using a computational structure-based approach, it 

was investigated if these three alkaloids bind sirtuin 1 and sirtuin 2. The compounds 
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demonstrated a SIRT1 inhibitory profile comparable to that of sirtinol (nonspecific SIRT 

inhibitor). Opposite to Z-vallesiachotamine (29) and E-vallesiachotamine (30), 

vallesiachotamine lactone (31) demonstrated no apparent toxicity on Hek 293 and on rat 

astrocyte primary cells.[29] These findings are in line with the study of Z-vallesiachotamine 

(29) on human melanoma cells.[26] 

 

 

Figure 7 ï Chemical structure of Z-vallesiachotamine (29), E-vallesiachotamine (30), and 

vallesiachotamine lactone (31). 

 

1.7 Mitragynine and derivatives 

In 2005, Matsumoto et al. have studied the effect of mitragynine (32) (Figure 8), a major indole-

alkaloid founded in Thai medicinal herb Mitragyna speciosa, on neurogenic contraction of 

smooth muscle. The results demonstrated that mitragynine (32) inhibited the contraction of 

guinea-pig vas deferens produced by electrical transmural stimulation. More precisely, 

mitragynine (32) was found to block T- and L-type Ca
2+

 channel currents and reduced KCl-

induced Ca
2+

 influx in N1E-115 neuroblastoma cells.[30]  

One year later, 7-hydroxyspeciociliatine (33) (Figure 8) was isolated, for the first time, from the 

fruits of Malaysian Mitragyna speciosa Korth. The opioid agonistic activity of this alkaloid and 

7-hydroxymitragynine (34) was investigated in guinea-pig ileum experiments. The results 

demonstrated that 7-hydroxyspeciociliatine (33) had a weak stimulatory effect on µ-opioid 

receptors,[31] while 7-hydroxymitragynine (34) had moderate opioid agonist activity, as 

reported previously.[32, 33]  

Also, 9-demethyl analogue of mitragynine, 9-hydroxycorynantheidine (35) (Figure 8), 

synthesized from mitragynine, was reported as a partial agonist of opioid receptors. The 
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receptor binding assays revealed that 9-hydroxycorynantheidine (35) has affinity for three 

opioid receptor types. In particular, 9-hydroxycorynantheidine (35) (Figure 8) presented pKi 

values of 7.92, 4.51 and 5.53, for µ-, ŭ- and ə-opioid receptors, respectively. The results show 

that 9-hydroxycorynantheidine (35) has a high affinity and selectivity for µ-opioid 

receptors.[34]  

Also, recently Shamima et al. investigated the action of mitragynine (32) as antinociceptive 

agent. The goal of this study was to understand if mitragynine (32) acts on Cannabinoid 

receptor type 1. The results demonstrated that mitragynine (32) doesnôt act on Cannabinoid 

receptor type 1 but through activation of opioid receptor system, more precisely on ɛ- and ŭ-

opioid receptors.[35] 

More recently, two derivatives of 7-hydroxymitragynine (compounds 36 and 37, Figure 8), were 

synthesized in order to develop dual-acting ɛ- and ŭ-opioid agonists. Compound 37 was shown 

to be more potent, in vitro and in vivo, than compound 36 and 7-hydroxymitragynine (34). 

Compound 37 exhibited a high affinity for ɛ- and ŭ-opioid receptors, with Ki values of 2.1 and 

7.0 nM, respectively, while compound 36 reveled Ki values of 6.4 nM (ɛ-opioid receptor) and 

16.0 nM (ŭ-opioid receptor). Moreover, the antinociceptive effect of compound 37 was 

approximately 240 times more potent than that of morphine in a mouse tail-flick test and, for 

this reason compound 37 could be used as potential therapeutic agent for treating neuropathic 

pain.[36] 
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Figure 8 ï Chemical structure of mitragynine (32), 7-hydroxyspeciociliatine (33), 7-

hydroxymitragynine (34), 9-hydroxycorynantheidine (35) and indoloquinolizidines 36-37. 

 

1.8 Non-natural i ndolo[2,3-a]quinolizidine derivatives 

Takanawa et al., reported the synthesis of 10 mitragynine derivatives in order to perform a 

structure-activity relationship study. The rational was based on the fact that mitragynine (32) 

has analgesic activity. The effects of corynantheidine (14) (Figure 3), mitragynine (32) (Figure 

8), synthetic derivatives 35, 38-46, and speciociliatine (47) (Figure 9) were evaluated on opioid 

receptors, using electrically stimulated contraction in isolated guinea pig ileum. Seven 

compounds (compounds 32, 35, 42-43, and 45-47) revealed an interesting potency against 

opioid receptors (Graph 1).  

 

Figure 9 ï Chemical structure of mitragynine derivatives 38-46 and speciociliatine (47). 
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The potency of mitragynine (32) revealed to be one-fourth of morphine (standard compound 

that has a relative potency of 100%). The 9-demethoxy analogue of mitragynine, i.e. 

corynantheidine (14), did not show any opioid agonistic activity. However, analysis of its 

effects on twitch contraction inhibited by morphine, atropine, and verapamil in electrically 

stimulated guinea pig ileum, showed that corynantheidine (14) inhibits the effect of morphine 

via functional antagonism of opioid receptors. On the other hand, 9-hydroxycorynantheidine 

(35) inhibited electrically induced twitch contraction in guinea pig ileum and revealed relative 

potency higher than mitragynine (32). The introduction of the acetoxy group on the indole ring 

(compound 42), led to marked reduction in both intrinsic activity and potency as compared with 

those of mitragynine (32) (Graph 1). Mitragynine derivative 41 did not show any opioid agonist 

activity, which indicates that the functional groups at the C9 position are very important for the 

activity of these compounds. 

Speciociliatine (47), a C-3 stereoisomer of mitragynine (32), could be found as a minor 

constituent on Mitragyna speciosa. This compound reveled to be 14-fold weaker than 

mitragynine (32). The introduction of a methoxy or an ethoxy group at the C-7 position, 

respectively, compounds 45 and 46, led to a dramatic reduction in potency for opioid receptors 

and, which indicates that the hydrogen atom at the C-7 position in mitragynine (32) has an 

important role for the activity. Finally, compound 44, showed a relative potency 13- and 46-fold 

higher for opioid receptors than those of derivative 39 and mitragynine (32), respectively. 

Compound 44 demonstrated affinity also for ŭ- and ə-receptors. 

The relative affinities of compounds 14, 32, 35 and 44, for the three opioid receptors (Õ, ŭ and 

ə), were determined using receptor binding assay (Graph 2) using morphine as comparison 

standard. The results show that these compounds have relatively high selectivity for µ-receptors. 

Moreover, mitragynine (32) revealed some affinity for ŭ-receptor, while compound 44 

demonstrated affinity for both ŭ- and ə-receptors.[37]  
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Graph 1 - Relative potency of seven compounds with interesting activities for opioid receptor. 

 

 
 

Graph 2 - Relative affinity of indoloquinolizidines 14, 32, 35, 44 for Õ, ŭ, and ə receptor types. 

 

Waldmann et al. evaluated a collection of approximately 11000 natural-product derived and 

inspired compounds as apoptosis inducers. From that library, seven indoloquinolizidine 

derivatives 48-54 (Figure 10) were considered potential apoptosis inducers in three human 

tumor cell lines, presenting values of IC50 around 2 µmol L
-1
 in HeLa (cervix), MCF-7 (breast) 

cell lines and in HepG2 (liver, with slightly lower efficiency) cell lines.[38]  
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Figure 10 - Chemical structure of indoloquinolizidine derivatives 48-54. 

 

A series of 20 indolo[2,3-a]quinolizidine-peptide hybrids was synthesized and evaluated for D1 

dopamine receptors (D1R) and D2 dopamine receptors (D2R). Two diastereomeric indolo[2,3-

a]quinolizidines 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 that trans (C-3 and C-12b) 

indoloquinolizidine derivatives had stronger effect in the interaction with the receptors than cis 

indoloquinolizidine derivatives (Figure 11).[39] The functional characterization of the hybrid 

compound 61 by means of kinetic assays and competition experiments in radioligand binding, 

demonstrated that indoloquinolizidine-peptide 61 behaves as an orthosteric ligand of dopamine 

D2, D3, D4 and D5 receptors, but as a negative allosteric modulator of agonist and antagonist 

binding to striatal dopamine D1 receptors. In addition, compound 61 decreased receptor 

potency, while preserving agonist-induced maximal cAMP production.[40]  
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Figure 11 ï Most active indoloquinolizidine-peptide hybrids. 

 

In 2015, a novel indoloquinolizidine derivative 62 (Figure 12) was synthesized and evaluated as 

an anti-hypertension agent. The compound showed remarkable antihypertensive and dilating 

effect both in vitro and in vivo. Moreover, it was shown that compound 62 induced 

vasodilatation by both endothelium-dependent and-independent manners, blocked Ca
2+

 influx 

through L-type Ca
2+

 channels and inhibited intracellular Ca
2+

 release while not affecting K
+
 

channel.[41] 
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Figure 12 ï Chemical structure of indoloquinolizidine derivative 62. 

 

In tables 1 and 2 the reader can find a summary of the main biological properties described to 

date for Indolo[2,3-a]quinolizidines and derivatives. 
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Table 1 ï Biological properties of Indolo[2,3-a]quinolizidines and derivatives. 

Compound Species isolated from Effects Refs 

 

UncariaCallophylla 

 

Corynanthepachyceras 

- lowers the arterial pressure in both anaesthetized and conscious normotensive rats 

- inhibition of multiple ion channels 

- active for Leishmania 

[8-10] 

 

 

 

Corynanthepachyceras - active for Leishmania [10] 

 

Esenbeckialeiocarpa - anti-inflammatory effects [11] 
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Uncaria rhynchophylla - antihypertensive and antiarrhythmic activities 

- reduces the production of several neurotoxic factors in activated microglial cells and 

possesses neuroprotective activity in a model of inflammation-induced neurotoxicity 

- potent neuroprotective effects against glutamate induced HT22 cell death 

anti-metastatic 

[9, 13-14, 

21-23] 

 

 - potent neuroprotective effects against glutamate induced HT22 cell death [22] 

 

Uncariae Ramulus et 

Uncus 

- Active in norepinephrine-induced vasocontractive response 

partial agonist at the serotonin 5-HT1A receptor, a partial agonist/antagonist at the 

dopamine D2L receptor and an antagonist at the serotonin 5-HT2A, 5-HT2C and 5-

HT7 receptors 

- potential acetylcholinesterase inhibitor 

- potent neuroprotective effects against glutamate induced HT22 cell death 

[15, 18-19, 

22] 
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Corynanthepachyceras - active for Leishmania 

- affinity for opioid receptors 

[10, 37] 

 

Dracontomelum 

mangiferum 

- blocking of Alpha-1 and Alpha-2 adrenoceptors 

 

[5] 

 

Pseudodistoma arborescens - IC50 value of 34.5 µM for leukemia [6-7] 

 

Uncaria villosa - potent vasorelaxant effects at 30 µM in rat aortic ring assays 

- potent neuroprotective effects against glutamate induced HT22 cell death 

[16-17, 22] 
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Uncaria rhynchophylla - acetylcholinesterase inhibitor [19] 

 

Malayan Kopsiaarborea - moderate cytotoxicity against KB/VJ300 cell lines (IC50 values around 30 µM) [24] 

 

Malayan Kopsiaarborea - moderate cytotoxicity against KB/VJ300 cell lines (IC50 values around 30 µM) [24] 

 

Rhazastricta 

 

Policourearigida 

- anticancer properties on a carcinoma cell line 

- inhibit butyrylcholinesterase (BChE) 

Mixture of isomers Z and E: 

- IC50 value of 14.7 µM in SK-MEL-37 melanoma cells 

- high potency againstmonoamine oxidase A (MAO-A) 

[25, 28] 

 

[26-27-28] 
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Psychotrialaciniata - inhibit butyrylcholinesterase (BChE) [28] 

 

Mitragynaspeciosa - analgesic activity in N1E-115 neuroblastoma cells [30, 37] 

 

Mitragynaspeciosa - moderate opioid agonist activity [32, 33] 

 
 
 
  



23 

 

Table 2 ï Biological properties of Indolo[2,3-a]quinolizidine derivatives. 

 
Compound Effects Refs 

 

- partial agonist of opioid receptors, high affinity and selectivity for µ-opioid receptors [34] 

 

- high affinity for ɛ- and ŭ-opioid receptors [36] 

 

- affinity for opioid receptors [37] 
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- affinity for opioid receptors [37] 

 

- potential apoptosis inducers in three human tumor cell lines (HeLa, MCF-7 and HepG2 cell 

lines) 

[38] 

 

- orthosteric ligand of dopamine D2, D3, D4 and D5 receptors; negative allosteric modulator of 

agonist and antagonist binding to striatal dopamine D1 receptors. 

[39-40] 

 

- blocked Ca
2+

 influx through L-type Ca
2+

 channels and inhibited intracellular Ca
2+

 release [41] 

 








































































