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Abstract 

Parkinson’s disease (PD) is the second most common neurodegenerative disease, 

affecting over five million patients worldwide. Like Alzheimer’s disease (AD), it mostly 

affects the elderly and causes considerable disability and suffering. Unfortunately, the 

molecular mechanism of PD is still poorly understood, and there are no drugs available to treat 

the disease. Our overall aim was to identify natural products to probe PD by phenotypic assay 

using human olfactory neurosphere-derived (hONS) cells from PD patients. The research 

presented in this thesis exemplifies the importance of natural products as chemical probes for 

further investigation of PD as well as lead compounds for future PD-drug development. 

The thesis begins with an introduction of PD and the chemotherapeutics for PD. It also 

covers a review on the natural origin anti-PD compounds and the analysis of their 

physicochemical properties using Lipinski’s rule of five. As part of a research program aiming 

to identify anti-PD chemical probes, a high throughput screening assay was developed to screen 

4224 fractions. Twenty fractions were confirmed to display neuroprotective effects of the PD 

cells against rotenone. Seven prioritized fractions, representing one Australian marine sponge 

Jaspis splendens (subject 1) and two Australian terrestrial plants Gloriosa superba (subject 2) 

and Alangium villosum (subject 3), were selected for large scale extraction and isolation. The 

results were presented in Chapter 2 to 5.  

Chapter 2 describes the chemical and biological investigation of Australian marine 

sponge Jaspis splendens. Chemical investigation of 50 grams of biota sample resulted in the 
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isolation of three series and total of 22 compounds, of which three were new to science. The 

structures of the three new compounds were unambiguously elucidated on the basis of NMR 

and mass spectroscopic data. Phenotypic responses of the metabolites in hONS cell model of 

Parkinson’s disease suggested that jaspamycin had significant effects on the cytological 

parameters associated with mitochondria, α-tubulin, LC3b and endosomes and could be used 

as a chemical probe to investigate the molecular mechanism underlying PD. 

Chapter 3 describes the isolation of 39 compounds from 20 grams of an Australian plant 

Gloriosa superba L., and their cytological profiles against hONS cells. The 39 compounds, of 

which 7 were new, represented five structural classes: colchicines, lumicolchicines, 

nucleosides, phenolic glycosides, and flavones. The structures of the seven new compounds 

were unambiguously elucidated on the basis of NMR and mass spectroscopic data. Their 

absolute configurations were determined by Circular Dichroism (CD) measurements. 

Colchicines and lumicolchicines exhibited different perturbation on mitochondria/LC3b and α-

tubulin related parameters, which could be used as chemical probes. There may be an 

alternative mechanism in neurodegeneration and, further investigation underlying Parkinson’s 

disease is warranted.  

In Chapter 4, chemical investigation of 20 grams of Australian plant Alangium villosum 

resulted in the isolation of eight new natural products and 36 known metabolites, representing 

six classes of natural products: benzoquinolizidines, tetrahydroisoquinoline monoterpene 

glycosides, iridoids, lignan glycosides, sesquiterpenoids and triterpenoids. The structures of 

the eight new compounds were unambiguously elucidated on the basis of NMR and mass 
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spectroscopic data. Their absolute configurations were determined by CD measurements. 

Tubulosine and its congeners displayed phenotypic profiles with major effects on α-tubulin and 

EEA-1-related cytological markers in the PD patient derived hONS cells. This group of 

compounds were identified as anti-PD chemical probes to further investigate the mechanism 

of PD. 

The thesis concluded with an analysis of the physicochemical properties and ChemGPS 

of 103 isolated natural products. The results showed that the chemical probes identified in 

Chapters 2-4 all had favorable physical chemical properties and located within a biological 

relevant chemical space. By a combined strategy using cytological profiling, Ro5 and 

ChemGPS analysis, we were able to identify ideal chemical probes to further investigate 

Parkinson’s disease. The chemical probes can also be potentially used as lead compounds for 

future PD-drug development. 
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Chapter One. Introduction 

1.1 Parkinson’s disease 

Parkinson’s disease (PD), also known as idiopathic Parkinsonism, is a common 

neurodegenerative disease of the central nervous system (CNS) that can be accurately 

diagnosed. It was first described as an unrecognized disorder in An Essay on the Shaking Palsy 

in 1817 by James Parkinson.1,2 In acknowledgement of the English apothecary’s detailed 

description, the syndrome was proposed by Jean Martin Charcot, the father of neurology, to be 

called as maladie de Parkinson (Parkinson’s disease).  

The prevalence of PD in Australia has been estimated by the Australian Institute of 

Health and Welfare as 200 per 100,000 based on two published European studies.3-5 There are 

over five million people affected worldwide and this estimate is expected to increase 

substantially in the coming decades.6 Like Alzheimer’s disease (AD), PD mostly affects the 

elderly and causes considerable disability and suffering.6 There are about 10% of PD patients 

younger than 45 years of age.7 As a neurodegenerative disease, ageing is the major risk factor, 

with incidence rising from 17.4 in 100,000 person between 50 and 59 years of age to 93.1 in 

100,000 person between 70 and 79 years old.7 The lifetime risk of developing Parkinson’s 

disease will rise steadily with the increasing life expectancy of the general population.5,8 

Besides ageing as the major risk factor of PD, environmental causes or triggers, such as tobacco 

smoke,9,10 nicotine and caffeine,11,12 have been identified to be related to the sporadic disorder 

http://en.wikipedia.org/wiki/James_Parkinson
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disease.13-15 Weak associated causes, such as head injury, lack of exercise, environmental 

toxins, herbicide and insecticide exposure, have also been reported.16-18  

Genetic predisposition has also been found in Parkinson’s disease.19,20 Genetic studies 

have revealed that several mutations in susceptibility genes, including leucine rich repeat 

kinase 2 (LRRK-2), parkin, α-synuclein, and glucocerebrosidase (GBA) are closely related to 

Parkinson’s disease.7 LRRK-2 is a kinase encoding the protein dardarin. The Gly2019Ser 

mutation, the most common of the six pathogenic mutations in LRRK-2, is frequently found in 

patients diagnosed with PD in different areas worldwide.9,21 Loss-of-function mutations in the 

parkin gene are the second most common genetic cause of Parkinson’s disease.7 These PD 

patients respond well to dopaminergic drugs. Mutations and gene triplications of α-synuclein 

have been linked with levodopa (L-dopa) responsive Parkinson’s disease.22,23 Loss-of-function 

of GBA can cause Gaucher’s disease and increase the risk of developing Parkinson’s disease.24 

Severe GBA mutation carriers can increase the risk of getting PD by 13 times and drop the 

mean age of PD onset from 60 to 55 years of age.19  

The most obvious symptoms in the early stage of PD are movement-related. PD 

commonly presents with impairment of dexterity, fatigue and stiffness, extreme slowing down, 

a flexion of one arm with lack of swing. These physical signs might be hardly noticed or 

misinterpreted for a long period and the changes are often ascribed to old age, misery, 

introspection, or rheumatism by mistake. The detection of unequivocal slow movement 

(bradykinesia) can help to make the diagnosis of PD.25 PD is also characterized by a coarse, 

slow, pill rolling tremor of the hands, flexion of the limbs and trunk or transient fixed posturing 
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of a hand after completing a motor task. In most cases, the diagnosis of Parkinson’s disease 

can be made on clinical grounds and no ancillary investigations are needed. Once it is 

confirmed, patients and their relatives often start to remember potentially relevant symptoms, 

such as early difficulties with coordination, early motor symptoms and writing changes. 

Careful checking of patient’s family history can also help to diagnose other first-degree 

relatives. Many patients are unaware of early loss of smell or disturbed sleep until they are 

formally tested.26,27 An alternative diagnosis can be referenced to some symptoms including 

falls, fainting, urinary incontinence, prominent speech, disturbed swallowing, amnesia, or 

delirium, which have been observed for the early stage of the disease. 

Advanced PD is defined as the onset of motor complications, despite aggressive 

pharmacological and behavioral management.28 Cognitive and behavioral problems, such as 

postural instability and falls, speech and swallowing difficulties, freezing of gait, move all in 

one piece with a rapid propulsive shuffle, and nonmotor symptoms, may arise in this stage of 

PD. Dementia commonly occurs in the advanced stage of the disease. Risk factor for dementia 

development increases with age, particularly in those patients who present with prominent gait 

and speech disorders, depression, and a poor response to L-dopa.29,30 There are three invasive 

options to treat motor complications when oral medications cannot address motor 

complications adequately: continuous subcutaneous apomorphine infusion, continuous 

duodenal L-dopa carbidopa pump and deep brain stimulation (DBS).28 Although DBS has the 

highest risk, it has been used widely in the late stages of PD with the largest amount of evidence 

to treat motor fluctuations, dyskinesia and tremor. In addition, interdisciplinary therapy may 

be helpful in advanced Parkinson’s disease. 
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The causes of death for PD patients have not been clearly identified, however 

pneumonia is by far the most commonly certificated cause.7 By the year 2040, 

neurodegenerative diseases, including Parkinson’s disease, are projected to surpass cancer as 

the second most common cause of death among the elderly.31 

1.2 Chemotherapeutics for Parkinson’s disease 

Although PD is still an incurable progressive disease, treatment substantially improves 

quality of life and functional capacity. The treatment of early PD focuses on improved and 

more consistent drug delivery systems, targeting alternate neurotransmitter systems and 

neuroprotective therapies.32 The available drugs currently include L-dopa, carbidopa, dopamine 

agonists and type B monoamine oxidase (MAO-B) inhibitors.  

Monoamine oxidases (MAOs) are flavoproteins which catalyze the oxidative 

deamination of a variety of neurotransmitters.33 MAO-A and MAO-B are the two major 

neurotransmitter-degrading enzymes in the central nervous system and in peripheral tissues, 

and play important roles in the control of substrate availability and activity.34,35 In humans, 

MAO-B activity increases with age and is especially elevated in certain neurodegenerative 

diseases, such as PD.36,37 Therefore, inhibition of MAO-B activity can improve the quality of 

PD patients’ lives. 

L-dopa (1) relieves the symptoms and is usually the first treatment option for all stages 

of PD. It is the most effective drug for PD, regardless of the age of the patients (Figure 1.1). 

Most patients can be managed over the first 5 years on 300-600 mg/day L-dopa. However, it 

has been reported that the long-term use of high doses of L-dopa can lead to the development 
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of motor fluctuations and dyskinesia.6 There are two main treatment strategies that have been 

developed for L-dopa in the early stage of PD. One is to administer L-dopa in combination with 

a dopamine agonist or MAO-B inhibitor. The other is to use a dopamine agonist or MAO-B 

inhibitor and add L-dopa later to manage symptoms, particularly in younger patients. Using L-

dopa (1)/carbidopa (2) in combination with entacapone (3) has showed greater L-dopa dose 

equivalents and symptomatic benefit than L-dopa (1) /carbidopa (2) treated patients.38,39  

Pramipexole (4), ropinirole (5) and rotigotine (6), the popular first-line non-ergoline 

dopamine agonists, are widely used in patients under 55 years of age. Pramipexole (4), either 

immediate or extended release, has better treatment outcomes than placebo.40 Ropinirole can 

improve Unified Parkinson’s Disease Rating Scale (UPDRS) motor scores for PD compared 

with placebo.41,42 Ergoline alkaloids, such as bromocriptine (7), lisuride (8), pergolide (9) and 

cabergoline (10), are dopamine agonists and used to delay the onset of motor fluctuations and 

dyskinesia. Dopamine agonists do not provoke dyskinesias, however, they can cause 

psychiatric and gastrointestinal side effects, sleep attacks, ankle oedema and impulse control 

disorders. Combination of lower doses of L-dopa and dopamine agonist may be a good 

approach to reduce the risk of motor complications and achieve the desired efficacy. 

Selegiline (11) and rasagiline (12), selective MAO-B inhibitors, are the third treatment 

option for early stage of PD. They can be administered once daily and are well tolerated. 

Although they are less efficacious than either L-dopa or dopamine agonists, they have shown 

significant symptomatic benefit compared with placebo,43,44 which were proposed as disease-
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modifying agents.45,46 Research on new symptomatic and neuroprotective treatment options is 

ongoing to identify new dopaminergic and neuroprotective compounds for early stage of PD. 

 

 

 

 

Figure 1.1 Chemical structures of drugs in the treatment of Parkinson’s disease 

For advanced PD where motor fluctuations are common,47 sustained combination 

therapy has proven to be effective. IPX066, the oral extended-release capsule formulation of 

L-dopa (1) and cabidopa (2), has shown potential benefits including decreased off-time and 

reduced L-dopa dosing frequency in PD patients with motor fluctuations.48 Rasagiline (12) in 

combination with L-dopa (1) can also improve motor fluctuations.49 A dose of 100-400 mg/day 
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of amantadine (13), which has glutamate antagonist properties, can be used to manage L-dopa-

induced dyskinesia and reduce painful dystonic phenomena in young onset cases.50-52 As a 

dopamine agonist, subcutaneous apomorphine (14) has been used as fast-acting drug to help 

patients restore confidence. So far, rivastigmine (15) is the only FDA approved medication to 

treat dementia, which commonly occurs in advanced PD patients.53 

1.3. Natural products and derivatives against Parkinson’s disease 

Natural products (NPs) are secondary metabolites displaying different ecological and 

biological functions, and are universally recognized as an important source of leads for the 

development of drugs.54,55 They can be used as drug precursors, drug prototypes and 

pharmacological probes. Statistics suggested that about 50% of the best selling drugs today 

have been developed from natural sources and generated billions of dollars for the 

pharmaceutical industry.56 Natural products have also played an important role in PD drug 

discovery. The potential for the development of natural origin chemical probes and drugs 

against Parkinson’s disease is enormous. Here includes a summary of natural products which 

have been launched, in clinical trials or in preclinical research in the treatment of PD. 

1.3.1 Phenylpropylamines 

L-dopa (1) and related compounds (16-22) (Figure 1.2) are a class of natural products 

routinely used to treat PD. L-dopa was isolated from various species of bean, notably Mucuna 

spp.57,58 The drug is now mainly obtained by synthesis. The drug L-dopa (1), often given in 

combination with carbidopa (2), can inhibit dopa-decarboxylase. Melevodopa (16) and 

etilevodopa (17), two ester forms of levodopa, have been clinically used as dopaminergic 
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agents for the treatment of PD (Figure 2.2).59,60 Structurally similar phenylpropylamines, such 

as adrenaline (18) and noradrenaline (19), are important neurotransmitters that deliver 

dopamine across the blood brain barrier. Ephedrine (20) is the major naturally-occurring 

protoalkaloid obtained from some species of Ephedra (Ephedraceae) 61 and has been widely 

used in traditional Chinese medicine for many centuries. It is well known for its CNS-stimulant 

side effects, which may be due to its dopaminergic effect.62 Chemically and pharmacologically 

similar to amphetamine (21), cathinone (22), the major natural product from Catha edulis,63 

was reported to reduce the PD-like tremors.64 

 

 

Figure 1.2 Chemical structures of dopamine related compounds 16-22 

1.3.2 Alkaloids 

Ergot has a long history of poisoning animals and humans who eat cereal flour 

contaminated with ergot,65 but has also been exploited in traditional medicine in some parts of 

Europe to aid childbirth. The ergot alkaloids, isolated from toxic fungus Claviceps purpurea 

Tulasne (Ergot),66 have been well-documented for the effects on the CNS. Outbreaks of 

hallucinations were shown to correlate with heavy contamination of ergot in the communities 

affected.67 The synthetic derivatives of ergot alkaloids, such as bromocriptine (7), lisuride (8), 
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pergolide (9) and cabergoline (10) (Figure 1), have been clinically used as dopamine agonists 

in the treatment of PD.68,69 As the second most important group of compounds used for PD 

treatment, they are well-established drugs with numerous reviews on their clinical efficacy and 

applications.70,71  

Hyoscine (23), a tropane alkaloid isolated from various genera of Solanaceae,72 

together with its synthetic analogues such as benzatropine (24), have been used to treat PD by 

inhibiting dopamine reuptake and increasing dopamine activity (Figure 1.3).73 Phenyltropane 

derivatives, such as altropane (25) and ioflupane (26), have been reported as diagnostic tools 

for early detection of PD.74 Altropane has shown potent dopamine reuptake inhibitory activity, 

while ioflupane has been used as a neuro-imaging radiopharmaceutical drug for differential 

diagnosis of Parkinson's disease over other disorders presenting similar symptoms. 

 

Figure 1.3 Chemical structures of tropane derivatives 23-26 

As a short-acting dopamine agonist, apomorphine (14), a semi-synthetic opium 

isoquinoline alkaloid, was approved by the FDA in 2004 as an injectable drug for the treatment 

of PD.75 Salsolinol (27), another isoquinoline alkaloid isolated from the seeds of Theobroma 

caca,76 is a dopaminergic agent and also had a protective effect against neurodegeneration 

(Figure 1.4).77 It has been used as a protective substance to prevent or alleviate PD. Two β-

carboline alkaloids harmane (28) and harmaline (29), isolated from Banisteriopsis caapi and 
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Morton (Malpighiaceae),78,79 were reported to stimulate dopamine release from striatal cells, 

which may underlie the dopamine level improvement in PD patients.80 Ibogaine (30), an indole 

alkaloid identified from Tabernanthe iboga,81 increased dopamine release in isolated striatal 

tissue in mice, which preclude its effect in treating PD.82  

 

Figure 1.4 Chemical structures of alkaloids 27-33 

The indole alkaloid staurosporine (32), isolated from Nocardiopsis sp.,83 and its semi-

synthetic analogue CEP-1347 (31) showed inhibitory activity against lineage kinase, and have 

been clinically trialed to treat PD.84,85 Uncaria rhynchophylla (known as Gouteng) was 

routinely used in traditional Chinese medicine prescriptions for the treatment of symptoms 

relevant to PD.86,87 It was reported that the extract of Uncaria rhynchophylla exhibits MAO-B 

inhibitory activity which is relevant to neurological diseases including PD.33 As a neuronal 

autophagy inducer, isorhynchophylline (33), a tetracyclic oxindole alkaloid isolated from 

Gouteng, stimulated autophagy in neuronal cells and exerted preventive and therapeutic values 

against PD.88  
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Nicotine (34) has been associated with a decreased risk of developing PD, and has 

shown a protective effect for neurons against neurotoxicity (Figure 1.5).89 Caffeine (35) is an 

adenosine A2 receptor antagonist and can increase striatal dopamine release similar to 

nicotine.90 As a caffeine analogue, istradefylline (36), a selective antagonist at the A2A receptor, 

was found to be useful in the treatment of PD by reducing dyskinesia resulted from long-term 

treatment with L-dopa.91,92 

 

Figure 1.5 Chemical structures of alkaloids 34-36 

1.3.3 Flavonoids 

Flavonoids are important antioxidants and have demonstrated neuroprotective 

properties.93 Baicalcein (37), isolated from the roots of Scutellaria baicalensis and Scutellaria 

lateriflora,94,95 has shown neuroprotective effect against 1-Methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP) induced damage of dopaminergic neurons in PD (Figure 1.6).96 

Kaempferol (38), a widely used herbal product isolated from the leaves of Ginkgo biloba,97 has 

shown preventative properties against neurodegeneration.97 Quercetin (39) has also shown 

MAO-B inhibitory activity and catalepsy reversing effects, which mimics the bradykinesia as 

seen in PD.98,99 Tangeretin (40) might have therapeutic potential for PD by inhibiting MAO-B 

and consequently reducing dopamine depletion.100 The flavanonol (-)-epigallocatechin-3-

https://en.wikipedia.org/wiki/Receptor_antagonist
https://en.wikipedia.org/wiki/Adenosine_A2a_receptor
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gallate (EGCG, 41), found in green tea,101 has shown similar protective effect in PD and other 

conditions.102  

 

Figure 1.6 Chemical structures of flavonoids 37-41 

1.3.4 Other structural classes 

Dl-3n-butylphthalide (dl-NBP, 42), an antioxidant isolated from the seeds of Apium 

graveolens,103 is used clinically to treat stroke in China (Figure 1.7).104 It was also been found 

to have certain neuroprotective effects,105 which could lead to a preventive medicine for PD. 

Ganglioside (GM1, 43), isolated from ganglion cells of the brain,106 was demonstrated to 

significantly reduce symptoms of PD in clinical trials and it is now an approved drug.107 

Preclinical studies on cyclosporine A (CsA, 44), initially isolated from the fungus 

Tolypocladium inflatum,108 showed that the compound had neuroprotective effect in stroke, 

traumatic brain injury and PD.109 
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Figure 1.7 Chemical structures of natural products 42-44 

1.3.5 Physical chemical properties of anti-PD natural products 

Natural products and their derivatives are indeed an important source for the 

development of anti-PD drugs.110 The usefulness of a molecule as a lead is generally dependent 

upon the lead-like/drug-like properties. Lipinski’s rule of five (Ro5) has been commonly used 

to assess the relationship between chemical structures and drug-like properties.111,112 Although 

the rule cannot guarantee a molecule compliant with all criteria is druggable, it provides a guide 

for medicinal chemists for better design of compounds with satisfactory pharmacokinetics. Ro5 

states that a small molecule is more likely to be orally active if its molecular weight is less than 

500; its lipophilicity, expressed as a quantity known as log P, is less than 5; the number of 

hydrogen bond donors (HBD) is less than 5; the number of hydrogen bond acceptors (HBA) is 

less than 10.  

Neurodegenerative diseases, such as PD, AD, HD and others, require drugs that 

penetrate the blood-brain barrier. Anti-PD natural products and their derivatives with 
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neuroprotective properties must possess certain physicochemical properties to allow brain 

penetration and exposure. We therefore calculated the physicochemical properties of these 

compounds for the evaluation of the likelihood as molecular probes and/or drugs. 

Log P is considered one of the most important physicochemical parameter for drug 

discovery and development, since this value is directly related to a molecules’ ability to 

permeate cells in order to modulate cellular signaling pathways or to have wider biology 

effects.113,114 Other parameters have also been proposed to predict favorable drug metabolism 

and pharmacokinetics (DMPK) for lead compounds, such as rotatable bonds, polar surface area 

(PSA) and log D5.5.
 Rules to predict “lead-likeness” are slightly more rigid than Lipinski’s rules 

as the molecular weight of the leads should be less than 450 and also the log P should be less 

than 4. The selection criteria are stringent since drug molecules are usually derived from less 

complex lead compounds which usually have a smaller number of rings, less rotatable bonds, 

smaller molecular weight and are more hydrophilic. Both these rules have been designed so 

that the compounds can progress through traditional medicinal chemistry optimization.  

The physicochemical properties of these 36 anti-PD natural products and their 

derivatives were calculated using Instant JChem 15.10.26.0 [ChemAxon Ltd. 

(http://www.chemaxon.com)].115 The parameters including molecular weight (MW), log P, 

number of hydrogen bond acceptors (HBA) and number of hydrogen bond donors (HBD) were 

analysed against Lipinski’s rule of five (Table 1.1 and Figure 1.8). 

 

 

http://www.chemaxon.com)/
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Table 1.1 Physicochemical Physicochemical properties of the 36 anti-PD natural products and their 

derivatives 

compound 
physicochemical parametersa 

MW log P HBA HBD No. of Violations 

34 162.24 1.16 2 0 0 

21 167.21 0.40 3 3 0 

19 169.18 -0.68 4 4 0 

27 179.22 1.07 3 3 0 

22 181.19 0.08 4 3 0 

18 183.21 -0.43 4 4 0 

42 190.24 3.36 1 0 0 

35 194.19 -0.55 3 0 0 

1 197.19 -1.79 5 4 0 

20 197.23 -0.07 4 4 0 

2 211.22 -1.36 5 4 0 

16 211.22 0.62 4 3 0 

28 212.25 1.85 2 1 0 

29 214.27 1.67 2 1 0 

17 225.24 0.97 4 3 0 

14 267.33 2.88 3 2 0 

37 286.24 2.46 6 4 0 

38 286.24 2.46 6 4 0 

39 302.24 2.16 7 5 0 

23 303.36 0.89 4 1 0 

24 307.44 4.19 2 0 0 

30 312.46 3.01 3 1 0 

9 312.48 4.04 1 1 0 

8 338.46 2.17 2 2 0 

33 368.48 3.47 3 1 0 

40 372.37 2.18 7 0 0 

36 384.44 2.42 5 0 0 

25 429.27 3.95 2 0 0 

10 449.60 2.39 4 2 0 

32 466.54 3.97 4 2 0 

41 472.36 3.10 11 8 2 

26 537.18 4.74 2 0 1 

31 615.76 5.73 4 2 2 

7 652.63 3.67 5 3 1 

44 1,202.64 3.64 12 5 3 

43 1,546.84 1.98 31 20 3 

aAll physicochemical properties, including molecular weight (MW), log P, hydrogen bond acceptors (HBA) 

and hydrogen bond donors (HBD), were calculated using Instant JChem (version 15.10.26.0). 
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As shown in Table 1.1 and Figure 1.8, it is clear that most of the compounds had log P 

< 5 (97.2%), five compounds with molecular weight > 500, three compounds with HBA > 10 

and two compounds with HBD > 5. In total 83.3% of these compounds obeyed Lipinski’s Ro5. 

Excluding MW > 500 compounds will remove simultaneously the compounds with a high 

HBD or HBA count.  

 

Figure 1.8 Analysis of physicochemical properties (MW, log P, HBA and HBD) of 36 anti-PD compounds. 

The orange line indicates the maximum desirable value for oral bioavailability defined by Lipinski’s rule of 

five: MW < 500 Da; log P < 5, HBA < 10 and HBD < 5. 

In summary, natural products are an important source of new and complex structures 

with small MW and lead- or drug-like properties.116 They are also chemical probes for the 

mechanism research and targets identification.117,118 The use of Ro5 guides the isolation and 

identification of anti-PD chemical probes more efficiently and facilitates the developing of 

leads and drugs for treatment of Parkinson’s disease.  
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1.4. Discovery of natural product chemical probes against Parkinson’s Disease 

It is obvious that Parkinson disease is a complex neurodegenerative disease and thus 

far there is no clear understanding of the underlying causes of PD. There are many theories as 

to the causes and it is generally thought that multiple factors are responsible. Unfortunately, 

there is no effective drug available to cure this progressive disease. Medications, surgery and 

multidisciplinary management can only provide relief from the symptoms. Thus, there is an 

urgent need to develop new molecules to study the underlying mechanisms of PD, and to 

discover therapeutic agents.  

In this project, two whole-cell based screening assays were developed using a human 

olfactory neurosphere-derived (hONS) cell model of PD. The initial screening of natural 

products fractions was conducted using a rotenone insult high-throughput screening (HTS) 

assay. During the course of my PhD research, a high content screening (HCS) assay on the 

same cell line was developed and used to cytologically profile the isolated natural products. 

The outcomes of this project may initiate further anti-PD research on the basis of the identified 

natural products chemical probes, which could subsequently lead to further development of 

new anti-PD lead compounds. Although drug discovery research is a serendipitous field, this 

work will contribute to the knowledge of anti-PD natural product chemical probes, their 

structures and biological activity. 

1.4.1 Nature Bank Lead Like Enhanced Fractions  

Nature Bank housed at the Eskitis Institute, Griffith University is a unique biodiversity 

resource and is the basis of the current bio-discovery project targeting PD. This unique 
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chemical biodiversity resource comprises over 45,000 biota samples, 18,453 lead-like 

enhanced extracts, 202,983 semi-purified fractions and more than 3,500 pure compounds. The 

Eskitis biota repository used to construct the LLE fraction library was collected from mega-

diverse areas of tropical Queensland, Tasmania, Papua New Guinea and China. All samples 

have been collected in accordance with the UN Convention on Biological Diversity. Benefit-

sharing agreements are in place to guarantee a fair return to the community and ensure that 

partner has no need to engage with Governments to arrange access. 

A collection of 18,453 lead-like enhanced extracts (LLE extracts) from a representative 

subset of the biota library is far quicker and easier to screen than crude extracts, and increase 

the probability of quality hits.119 These extracts have been optimized by removal of non-drug 

like components using a method to retain components with favorable log P. They were then 

used to prepare the lead-like enhanced fraction library (LLE fraction library) for screening. An 

example of an LLE fraction HPLC trace and the fractions collected for the screening library is 

shown below (Figure 1.9).120 A small amount of biota (300 mg) was packed into a SPE cartridge 

(10 × 50 mm), washed with n-hexane (8 mL), and then extracted with DCM (8 mL), then 

MeOH (8 mL × 2). The n-hexane extract was discarded. The combined and dried DCM and 

MeOH extracts were reconstituted in MeOH (4 mL) before being loaded onto a hydrophilic 

lipophilic balanced (HLB) cartridge. It contains a universal polymeric reversed-phase sorbent 

that is developed for the extraction of a wide range of acidic, basic, and neutral compounds 

from various matrices using a simple, generic protocol and can sufficiently remove the non-

lead-like components from the extraction, such as pigments.121 The cartridge was washed with 

MeOH (8 mL) and the MeOH wash was dried to afford the crude extract. The crude extract 
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was re-dissolved in DMSO (600 μL). The DMSO solution (100 µL) was then fractionated by 

C18 analytical HPLC with solvent conditions consisting of a linear gradient from 90% H2O (0.1% 

TFA)/10% MeOH (0.1% TFA) to 50% H2O (0.1% TFA)/50% MeOH (0.1% TFA) in 3 min at 

a flow rate of 4 mL/min, followed by a convex gradient to MeOH (0.1% TFA) in 3.5 min at a 

flow rate of 3 mL/min. This was held at 100% MeOH (0.1% TFA) for 0.5 min at a flow rate of 

3 mL/min and for further 1 min at a flow rate of 4 mL/min, then a linear gradient back to 90% 

H2O (0.1% TFA)/10% MeOH (0.1% TFA) in 1 min at a flow rate of 4 mL/min was applied. 

Finally, the gradient was held at 90% H2O (0.1% TFA)/10% MeOH (0.1% TFA) for 2 min at 

a flow rate of 4 mL/min, ready for the next injection. Total run time for each injection was 11 

min, and 11 fractions were collected between 2.0 min and 7.0 min, these include: fraction 1 

(time = 2.00 – 2.33 min), fraction 2 (time = 2.34 – 2.66 min), fraction 3 (time = 2.67 – 3.00 

min), fraction 4 (3.01 – 3.50 min), fraction 5 (3.51 –4.00 min), fraction 6 (time = 4.01 – 4.50 

min), fraction 7 (time = 4.51 – 5.00 min), fraction 8 (time = 5.01 – 5.50 min), fraction 9 (5.51 

– 6.00 min), fraction 10 (time = 6.01 – 6.50 min) and fraction 11 (6.51 – 7.00 min). Only these 

fractions were collected because they are most likely to contain compounds with drug-like 

properties, the early eluting material consisting of media components and highly polar 

compounds was not collected nor was the late-eluting lipophilic portion. A standard containing 

uracil, methyl 4-hydroxy benzoate, ethyl 4-hydroxy benzoate, and benzophenone all at 0.125 

mg/mL in DMSO was injected onto the C18 analytical column using the same gradient 

condition as this describe above. This standard injection was used as a quality control procedure. 
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Figure 1.9 HPLC chromatogram depicting lead-like enhanced fractions 

1.4.2 Initial High throughput screening (HTS) assay using rotenone 

High throughput screening (HTS) is a relatively recent innovation especially used in 

drug discovery and relevant to the fields of biology and chemistry, largely made feasible 

through modern advances in robotics and high-speed computer technology. Compared to 

traditional drug development methods, application of HTS assays has significantly increased 

the availability of novel drug-like compounds as neuroprotective agents.122 There is therefore 

a clear demand to develop this assay for more efficient screening.  

An initial HTS assay was developed to screen a sub-set of the Eskitis Institute’s pre-

fractionated natural product library from Nature Bank using human olfactory neurosphere-

derived (hONS) cell for neuroprotective agents that can reverse rotenone-induced 

cytotoxicity.119 Much progress has been made in recent years in toxin-induced PD models, 
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based on the proposition that dopaminergic neurons have a common death cascade which can 

be mimicked by insults of small-molecule toxins.123,124 Rotenone is a classic mitochondrial 

complex I inhibitor, which activates the apoptosis pathway through release of reactive oxygen 

species.125 Selective degeneration of nigrostriatal dopaminergic neurons accompanied by α-

synuclein-positive inclusions after administration to rats with low-dose intravenous rotenone 

has been reported.126 Reports from other studies also demonstrated that rotenone inhibited 

complex I uniformly throughout the brain in rats with selective cell loss in the nigrostriatal 

dopaminergic system.127,128 There have also been several reports in cell-based assays that 

linked α-synuclein aggregation to neuronal cell death.129-131 Thus, rotenone induced cell death 

provides an excellent model system for drug discovery research for Parkinson’s disease. 

Neurological disease patient-derived stem cell models have the potential to elucidate 

cell biological aspects of brain diseases. Olfactory mucosa stem cells generated from 

Parkinson’s disease patient have demonstrated PD associated characters, including disease-

specific alterations in gene expression and cell functions, such as oxidative stress. Multiple 

genes of small effect can converge on shared cell signaling pathways to present as a disease-

specific cellular phenotype.132,133 Olfactory mucosa stem cells can be cultured to reveal patient-

control differences in complex genetic diseases and maintained in homogeneous cultures, 

which allow robust and repeatable multi-well assays suitable for screening libraries of drug 

candidate molecules.132 

hONS cell lines derived from sporadic PD patients and healthy donors were cultured at 

37 °C in humidified atmosphere and 5% CO2 in Dulbecco’s modified Eagle’s medium/F12 
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supplemented with 10% fetal bovine serum (FBS). The medium was refreshed every two days 

until the confluent of cells. Then the cells were harvested and resuspended in DMEM/F12 

supplemented with 10% FBS and approximately 2,500 cells were placed into each well of a 

96-well plate. After incubating at 37 °C in humidified atmosphere and 5% CO2 for 12 h, the 

medium in each well were replaced with medium containing 50 nM rotenone and incubate at 

37 °C in humidified atmosphere and 5% CO2 for 24~120 h. 

 

Figure 1.10 Optimization of rotenone treatment conditions in hONS cells 

The CyQUANT assay is based on measurement of cellular DNA content via fluorescent 

dye binding to cellular DNA. Because cellular DNA content is highly regulated, it is closely 

proportional to cell number. Briefly, cells in a 96-well plate were washed twice with HBSS 

buffer and 50 µL of reaction mixture containing (1× CyQUANT dye reagent and 1× dye 

delivery reagent) was added in each well of a 96-well plate, respectively. Then the cells were 

incubated at 37 °C with cover for 90 min and the fluorescence intensity of each sample was 

measured using a fluorescence microplate reader with excitation at ~485 nm and emission 
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detection at ~530 nm. As shown by the CyQUANT assay results, the hONS cells from PD 

patients were more susceptible to rotenone than healthy controls (Figure 1.10). Finally, the 

HTS assay was optimized by using hONS cells from PD patients treated with rotenone (200 

nM) for 96 hours. 

1.4.3 HTS results 

The initial HTS assay was developed to screen the fraction library using PD patient 

derived hONE cells for neuroprotective agents that can reverse rotenone-induced cytotoxicity. 

The fraction library screening was done via a robotic workstation by collaborators. Assays were 

assembled on 384-well plates, test fractions were added, and the completed assay mixtures 

were loaded into an automated multimodal plate reader where the readout was quantified. 

Briefly, hONS cells were harvested and re-suspended in DMEM/F12 supplemented with 10% 

fetal bovine serum and approximately 600 cells were placed into each well of a 384-well plate, 

which contained 0.5 µL of drug candidate (250 µge/uL, Compounds Australia) and 0.5 µL of 

DMSO. Column 23 of each plate was chosen as internal control, which contained 0.5 µL of 

distilled H2O and 0.5 µL of DMSO. The plates were incubated at 37 °C in humidified 

atmosphere and 5% CO2 for 96 hours before the CyQUANT assay. Raw data were normalized 

using the plate median method. Next, a z-score transformation was applied to center and scale 

the data across the experiment. Replicates for a given compound at a given dose (N = 2 for 

each dose/compound combination) were then mean summarized. A z-score threshold of ≥ 3 

was chosen to identify potential hits. 
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To begin with, 4224 lead-like enhanced fractions from the LLE fraction library were 

randomly chosen and screened. In total, 108 hits by single dose screening showed activity. 

Twenty fractions were further confirmed as hits in triplicate experiments (Table 1.2).  

Table 1.2 Twenty fractions and their associated biota identified by HTS assay. Seven fractions, 

representing 3 biota samples, were prioritized (in red) and they are the subject of this thesis. 

Fraction_ID  Family   Genus   Species  Hits in DNP 

QID016326-Fraction7 Colchicaceae Gloriosa superba 60 

QID020164-Fraction 11 Balanopaceae Balanops na 4 

QID020279- Fraction 10 Myrsinaceae Rapanea na 12 

QID022416- Fraction 9 Betulaceae Alnus trabeculosa 113 

QID031113- Fraction 1 Basellaceae Anredera na 2 

QID2146928- Fraction 3 

Alangiaceae Alangium villosum 194 

QID2146928- Fraction 4 

QID2146928- Fraction 5 

QID2146928- Fraction 6 

QID2146928- Fraction 7 

QID2227096- Fraction 11 Agavaceae Furcraea na 17 

QID5201865- Fraction 11 Solanaceae Cestrum none 66 

QID5201869- Fraction 11 Aquifoliaceae Ilex none 317 

QID5370277- Fraction 6 Balanophoraceae Balanophora none 53 

QID6001527- Fraction 8 Cortinariaceae na na  

QID6005130- Fraction 11 Dictyonellidae Rhaphoxya 3249 0 

QID6007994- Fraction 2 Calthropellidae Jaspis splendens 157 

QID6008543- Fraction 4 Suberitidae Aaptos aaptos 18 

QID6009831- Fraction 9 Darwinellidae Dendrilla 3106 40 

QID5305633- Fraction 11 Theaceae Ternstroemia none 19 

 

On the basis of the literature research, the results of chemical and biological analysis, 

as well as the amount of biota material available in Nature Bank, seven fractions, representing 

one Australian marine sponge Jaspis splendens (subject 1) and two Australian terrestrial plants 

Gloriosa superba (subject 2) and Alangium villosum (subject 3), were selected for large scale 

extraction and isolation. This is the subject of this thesis. 
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1.4.4. High content screening (HCS) and phenotypic profiling 

A grand challenge in natural product chemistry is to determine the biological effects of 

all natural products. Target-based drug discovery (TDD) approaches provide efficient and high 

capacity in testing unprecedented numbers of compounds and molecular targets utilizing 

advances in automation, biochemistry, structural biology, and chemistry related 

technologies.134 High throughput screening (HTS), however, has low hit rates. Target screening 

also heavily relies on knowledge of known therapeutic pathways. Other pathways or functional 

proteins affected by compounds may not be identified by target-based screening. In comparison, 

phenotypic screening has the advantage of the whole organism being exposed to compounds 

and interrogates all targets and biological pathways. When multiple parameters are examined, 

a multidimensional cytological profiling method can be used to cluster compounds. It is worth 

noting that new molecular entities identified by phenotypic screening approved by the FDA 

outnumbered target-based approaches during the time frame between 1999 and 2008 (37% 

versus 23%).135  

Phenotypic screening is a strategy for the identification of molecules with particular 

biological effects in cell-based assays or animal models. For example, it can involve screening 

large libraries of chemical compounds in automated high throughput cellular assays that 

measure the levels of various proteins or effects on characteristics such as cell proliferation. It 

has been the basis for the discovery of new drugs in history. Recent statistical analysis reveals 

that phenotypic screening has led to the discovery of a number of first-in-class drugs with novel 
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mechanisms of action.135 This has prompted interest in this screening method and has led to its 

resurgence in drug discovery.136 

There are two major types of phenotypic screening: in vitro and in vivo. The simplest 

phenotypic screens are in vitro assays. Cell lines are employed and a single parameter such as 

cellular death or the production of a particular protein is monitored. High content screening 

(HCS) where changes in the expression of several proteins or cytological profiling of cellular 

parameters can be simultaneously monitored is also often used.137 This has been specifically 

developed during the course of our research for the identification of anti-PD chemical probes 

isolated from the three biota samples chosen by the initial HTS screening.  

Phenotypic screening in animal-based systems can utilize model organisms, such as the 

fruit fly, zebrafish and mice,138 to evaluate the effects of drug candidates in fully assembled 

biological systems. The high content biological screening is best exemplified where drug 

candidates can be evaluated for potential therapeutic benefits across many different types of 

animal models representing different disease states.139 It offers the advantage of interrogating 

test agents, or alterations in targets of interest, in the context of fully integrated, assembled, 

biological systems, providing insights that could not be obtained in cellular systems.136,140 

Some human disease processes involve many different cell types across many different organ 

systems, which can only be emulated in model organisms.141,142 Cellular based systems are 

unable to adequately model this type of complexity. This notion is consistent with the 

productivity of drug discovery by phenotypic screening in model organisms.135,143 The in vivo 

phenotypic screening can be also well utilized in evaluating already approved drugs or late 

https://en.wikipedia.org/wiki/Cell_line
https://en.wikipedia.org/wiki/High-content_screening
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stage drug candidates for drug repositioning.139 which has been specially used by a number of 

companies, such as Melior Discovery, Phylonix, and Sosei.  

 

Figure 1.11 An overview of the project, including two cell-based assays (HTS and HCS), the fraction 

hits identified, the isolation of bioactive natural products from three prioritized biota samples, the 

physicochemical property analysis and phenotypic profiling of the isolated secondary metabolites. 

Animal models may, however, not reflect the human situation. We used patient derived 

hONS cells in order to improve the chance to develop chemical probes, lead and drug 

candidates. An overview of this project is as shown in Figure 1.11. The whole cell based 

approaches to high content screening are amenable to screening libraries containing thousands 

of small molecules. The isolated secondary metabolites from the chosen biota can be examined 

to identify congeneric chemical series by coupling an unbiased multidimensional phenotype 

assay using nontransformed and nonimmortalized hONS cells, which are primary cells derived 

from a PD patient. The HCS assay we developed contains three steps: biological assay; cell 

https://en.wikipedia.org/wiki/Drug_repositioning
https://en.wikipedia.org/wiki/Melior_Discovery
https://en.wikipedia.org/w/index.php?title=Phylonix&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Sosei_(company)&action=edit&redlink=1
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staining; imaging and image analysis. More details about the assay are discussed in Chapters 

Two, Three and Four.  

As shown in Figure 1.11, this thesis describes the chemical investigation of one 

Australian marine organism and two Australian terrestrial plants. An overview of PD and 

natural products and derivatives against PD has been presented in Chapter One with an 

emphasis on the potential of natural products as a source of chemical probes and drugs targeting 

PD. Chapter Two, which has been published as a full paper in the Journal of Natural Products, 

describe the isolation and structure elucidation of three new natural products, two naturally-

occurring new compounds, previously reported as synthetic products, together with 17 known 

natural products from the Australian marine sponge Jaspis splendens as well as the phenotypic 

profiles of these secondary metabolites. Chapter Three, which has been submitted to the 

Journal of Natural Products, outlines the isolation and structure elucidation of four new 

lumicolchicosides, one new nucleoside derivative and two new phenolic glycosides, together 

with 32 known natural products from the Australian plant Gloriosa superba L. as well as the 

phenotypic profiles of these secondary metabolites. In Chapter Four, which has been drafted 

for the Journal of Natural Products, the isolation and structure elucidation of four new 

benzoquinolizidine N-oxides and four new benzoquinolizidine alkaloids, together with 36 

previously reported natural products from the Australian plant Alangium villosum is described 

and the phenotypic profiles of these compounds are discussed. Chapter Five provides a 

summary of the results obtained in this thesis. Three series of natural products were identified 

as ideal anti-PD chemical probes by a combine strategy using cytological profiling, Ro5 and 

ChemGPS analysis. 
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ABSTRACT 

A grand challenge in natural product chemistry is to determine the biological effects of 

all natural products. A phenotypic approach is frequently used for determining the activity of 

a compound and its potential impact on a disease state. Chemical investigation of a specimen 

of Jaspis splendens collected from the Great Barrier Reef resulted in the isolation of a new 

pterin derivative, jaspterin (1), a new bisindole alkaloid, splendamide (2) and a new imidazole 

alkaloid, jaspnin A (3) TFA salt. Jaspamycin (8) and 6-bromo-1H-indole-3-amidine (16) are 

reported for the first time as naturally occurring metabolites. Known nucleosides (4-7, 9, 10), 

aglycones (11-13), indole alkaloids (14, 15, 17), and jaspamide peptides (18-22) were also 

isolated. The structures of the three new compounds 1-3 were unambiguously elucidated based 

on NMR and mass spectroscopic data. Jaspnin A (3) contained a rare thiomethylated 

imidazolinium unit. Jaspamycin (8) and 6-bromo-1H-indole-3-amidine (16) are reported for 

the first time as naturally occurring metabolites. Coupling an unbiased phenotypic assay using 

a human olfactory neurosphere-derived cell model of Parkinson’s disease to all of the natural 

products from the species J. splendens allowed the phenotypic profiles of the metabolites to be 

investigated. 
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INTRODUCTION 

A grand challenge in natural product chemistry is to determine the biological effects of 

all natural products. Target-based drug discovery approaches provide efficient and high 

capacity in testing unprecedented numbers of compounds and molecular targets utilizing 

advances in automation, biochemistry, structural biology, and chemistry related technologies.1 

High throughput screening (HTS), however, has lower hit rates. Target screening also heavily 

relies on knowledge of known therapeutic pathways. In addition, other pathways or functional 

proteins affected by compounds may not be identified by target based screening. New 

molecular entities identified by phenotypic screening approved by the FDA outnumbered 

target-based approaches during this time frame between 1999 and 2008 (37% versus 23%).2 In 

comparison, phenotypic screening has the advantage of the whole organism being exposed to 

compounds and interrogates all targets and biological pathways. When multiple parameters are 

examined, a multidimensional cytological profiling method can be used to cluster compounds. 

Parkinson’s disease is the second most common neurodegenerative disease, affecting over five 

million patients worldwide3 and in the majority of cases has no clearly identifiable cause. Like 

Alzheimer’s disease, it mostly affects the elderly and causes considerable disability and 

suffering. There is no effective drug available to cure this progressive disease. Thus, there is 

an urgent need to develop new therapeutic agents. Nontransformed and nonimmortalized 

human olfactory neurosphere-derived (hONS) cells, which are primary cells derived from 

Parkinson’s disease patients, model functional aspects of Parkinson’s disease.4-6 Coupling an 

unbiased phenotypic assay using the hONS cell model of Parkinson’s disease to an analysis of 

all natural products from one species could allow phenotypic profiles of all the metabolites to 

be investigated. 

As part of a research program aiming to identify anti-Parkinson’s disease lead 
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compounds, a marine sponge, Jaspis splendens, collected from the Great Barrier Reef was 

selected from Nature Bank.7-9 Sponges of the genus Jaspis (family Ancorinidae) have been a 

rich source of structurally novel, biologically active natural products.10 Over 150 natural 

products have been isolated from the genus including antifungal, anthelmintic, catatonic, 

insecticidal and ichthyotoxic jaspamide peptides,11-13 antineoplastic and cytotoxic 

isomalabaricane triterpenes,14-16 cytotoxic macrolides,17 antifungal, antiparasitic and cytotoxic 

bengazoles,18,19 antiparasitic, antimicrobial and cytotoxic bengamides,20-22 cytotoxic 

bromotyrosine derivatives,23,24 anticandidal and cytotoxic nucleosides25 and a series of 

dihydroxystyrene sulphate derivatives.26-28 

Chemical investigation of a specimen of J. splendens resulted in the isolation and 

characterization of 22 secondary metabolites, including a new pterin derivative, jaspterin (1), 

a new bisindole alkaloid, splendamide (2), a new methylthioimidazole containing alkaloid, 

jaspnin A (3) trifluoroacetic acid (TFA) salt and two naturally new products jaspamycin (8) and 

6-bromo-1H-indole-3-amidine (16), previously reported as synthesis products,29 together with 

17 known natural products, namely guanosine (4),30 6-deoxyguanosine (5),31 thymidine (6),32 

toyocamycin (7),25 5-(methoxycarbonyl)tubercidin (9),25 sangivamycin (10),33 5-

(methoxycarbonyl)tubercidin aglycone (11),25 toyocamycin aglycone (12),25 sangivamycin 

aglycone (13),34 6-bromotryptamine (14),35 6-bromo-1H-indole-3-carboxamide (15),36 6-

bromo-1H-indole-3-carboxylic acid methyl ester (17),37 jaspamide (18),38 jasplakinolide B 

(19),39 jaspamide Z1 (20),40 jasplakinolide F (21),11 and pipestelide A (22).41
 

All compounds were subjected to an unbiased phenotypic assay on hONS cells 

followed by cluster analysis of cytological effects. Based on previous work, we had developed 

a theoretical framework that explains that all natural products interact with biologically 

relevant space.42,43 Herein we report the isolation and structure elucidation of the five new 
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natural compounds (1, 2, 3, 8 and 16) as well as the phenotypic effects of all isolated natural 

products from J. splendens. 

RESULTS AND DISCUSSION 

The ground and freeze-dried J. splendens (50 g) was sequentially extracted with n-

hexane, CH2Cl2 and MeOH. The CH2Cl2/MeOH extracts were combined and fractionated using 

a C18 bonded silica flash column and a stepwise H2O/MeOH/0.1%TFA gradient. Five fractions 

were collected by eluting with H2O, 90% H2O/10% MeOH, 50% H2O/50% MeOH, 10% 

H2O/90% MeOH and MeOH, respectively (each containing 0.1% TFA). Further purification 

of the 90% H2O/10% MeOH fraction by C18 bonded silica HPLC (gradient H2O/MeOH with 

0.1% TFA) resulted in the isolation of three new metabolites, namely jaspterin (1), jaspnin A 

(3) TFA salt and jaspamycin (8), together with nucleosides (4-7, 9, 10), and aglycones (11-13). 

Previous studies of indole alkaloids by our group have revealed that the exchangeable NH 

proton typically manifests between δH 10.0 and 12.0 in deuterated DMSO.44,45 The 1H NMR 

spectrum in DMSO-d6 of the 50% H2O/50% MeOH fraction displayed exchangeable NH 

proton signals between δH 10.00 and 12.00 together with aromatic signals between δH 7.00 and 

8.50, indicating the presence of indole alkaloids. HPLC purification of the fraction yielded a 

new bisindole alkaloid, splendamide (2) and a new indole alkaloid 6-bromo-1H-indole-3-

amidine (16), along with three known indole alkaloids (14, 15, 17). The 1H-NMR spectrum of 

the 10% H2O/90% MeOH fraction contained some intriguing signals indicative of peptidic type 

molecules. Further purification of the fraction led to the isolation of five jaspamide peptides 

(18-22). In total, 22 structurally diverse natural products were isolated from the prolific sponge 

J. splendens. 
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Jaspterin (1) was isolated as a white power. (+)-HRESIMS data gave a [M+Na]+ ion at 

m/z 214.0670, which was consistent with a molecular formula of C8H9N5O with seven degrees 

of unsaturation. The IR spectrum had absorption bands at 1680 and 1630 cm-1, suggesting 

carbonyl functionalities in the molecule. The 1H NMR spectrum included two deshielded 

aromatic doublets (δH 8.68 and 8.40), one methyl singlet (δH 3.40), one methyl doublet (δH 2.96) 

and one broad exchangeable doublet (δH 7.54) (Table 1). Analysis of the HSQC and HMBC 

spectra indicated that the molecule contained one amide carbonyl signal (δC 160.7), five 

aromatic carbons (δC 155.2, 153.3, 149.5, 139.0, and128.1), and two methyl carbons (δC 28.5 

and 28.2). The chemical shifts of the two methyls (δH 3.40 and δC 28.2, δH 2.96 and δC 28.5) 

indicated that they were both N-methyl groups.  

The UV spectrum of 1 showed absorption maxima at 280 and 358 nm (broad), 

indicative of a pyrazine moiety. The small coupling constant (J 1.5 Hz) between the two 

methine doublets (δH 8.48 and 8.68) and their deshielded carbon chemical shifts (δC 139.0 and 

149.5) suggested the two protons belonged to H-6 and H-7 in the pyrazine moiety. HMBC 
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correlations from H-6 (δH 8.48) to C-4a and C-7 (δC 128.1 and 149.5), and from H-7 (δH 8.68) 

to C-6 and C-8a (δC 139.0 and 155.2) confirmed the assignment. HMBC correlations were 

observed from the aminomethyl protons to the nonprotonated carbon (δC 153.3), suggesting the 

CH3NH- functionality was attached at the C-2 position. Further HMBC correlations from the 

second N-methyl (δH 3.40) to the same nonprotonated carbon (δC 153.3) as well as an amide 

carbonyl carbon (δC 160.7) indicated an isocytosine moiety. With all the atoms accounted for 

and the degrees of unsaturation satisfied, the structure of 1 was established (Figure 1).  

 

Figure 1. Key COSY and HMBC correlations for 1 

Jaspterin (1) closely resembles pterins, a class of naturally occurring compounds 

biosynthesized from guanosine triphosphate (GTP) in all living organisms.46 Pterins were first 

discovered in the pigments of butterfly wings. Biopterin and neopterin were also reported from 

human urine.46,47 This class of compounds plays an important role in amino acid hydroxylation 

and they also act as cofactors in enzyme catalysis. In the field of heterocyclic chemistry pterins 

owe their exceptional position mainly to their unusual chemical properties and their 

conspicuous fluorescence.  

Table 1. NMR Spectroscopic Data (600 MHz for 1H and 150MHz for 13C, DMSO-d6) for 1 

position δC, type δH, mult. (J in Hz) COSY HMBCa 

2 153.3, C    

4 160.7, C    

4a 128.1, C    

6 139.0, CH 8.40, d (1.5) H-7 4a, 7 

7 149.5, CH 8.68, d (1.5) H-6 6, 8a 

8a 155.2, C    

9-NH  7.54, d (5.0) H-10  

10 28.5, CH3 2.96, d (5.0) NH 2 

11 28.2, CH3 3.40, s  2, 4 
a HMBC correlations are from proton(s) stated to the indicated carbon. 
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Splendamide (2) was isolated as a colorless gum. (+)-LRESIMS for 2 displayed an 

isotopic cluster of ions [M+H]+ at m/z 459, 461, and 463 in the ratio of 1:2:1, indicating the 

presence of two bromines. The adduct ion in the (+)-HRESIMS spectrum at m/z 481.9116 

[M+Na]+ allowed the molecular formula to be assigned as C18H11
79Br2N3O2, which was 

consistent with 14 degrees of unsaturation. The IR spectrum had absorption bands at 1683 cm-

1 indicating an amide functionality in the molecule. The 1H NMR data (Table 2) contained four 

aromatic methines (δH 8.40, 8.06, 7.69 and 7.32) and two sharp exchangeable protons (δΗ 11.99 

and 10.34). Analysis of the HSQC and HMBC spectra indicated the molecule contained a 

carbonyl carbon (δC 167.8) and eight aromatic carbons (δC 137.3, 132.2, 125.8, 123.8, 122.3, 

114.9, 114.5 and 110.0). 

The UV spectrum had absorption maxima at 216 nm and a broad band around 272 nm, 

indicative of an indole moiety. HMBC correlations from the NH (δΗ 11.99) to the methine 

carbon C-7 (δC 114.5) and the nonprotonated carbon C-3 (δC 110.0), and from the methine 

proton H-2 (δΗ 8.40) to the nonprotonated carbons C-3a and C-7a (δC 125.8 and 137.3) 

established the presence of 6-substituted indole-3-yl moiety (Figure 2). The assignment was 

confirmed by HMBC correlations from the methine proton H-4 (δH 8.06) to the nonprotonated 

carbons C-3, C-6 and C-7a (δC 110.0, 114.9 and 137.3), and from the methine proton H-7 (δH 

7.69) to the methine carbon C-5 (δC 123.8) and the nonprotonated carbon C-3a (δC 125.8). A 

bromine substitution at position 6 was confirmed due to its carbon chemical shift (δC 114.9). 

Further HMBC correlations were observed from a methine proton (δH 8.40) and the second 

exchangeable proton (δH 10.34) to a carbonyl carbon (δC 167.8), indicating an amide group at 

the C-3 position. So far only half of the molecular formula was accounted for. On the basis of 

the observation of a relatively deshielded chemical shift of the amide proton (δH 10.34) together 

with its integration as half a proton compared with other proton signals, and the requirement 

of 14 degrees of unsaturation, 2 was assigned as a dimeric imide structure (Figure 2). 
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Figure 2. Key COSY and HMBC correlations for 2. 

Table 2. NMR Spectroscopic Data (600 MHz for 1H and 150MHz for 13C, DMSO-d6) for 2 

position δC, type δH, mult. (J in Hz) COSY HMBCa 

1, 1'  11.99, bs H-2, H-2' 3a, 3a', 7, 7' 

2, 2' 132.2, CH 8.40, d (3.0) H-1, H-1' 3, 3', 3a, 3a', 7a, 7a', 8, 8' 

3, 3' 110.0, C    

3a, 3a' 125.8, C    

4, 4' 122.3, CH 8.06, d (8.5) H-5, H-5' 3, 3', 6, 6', 7a, 7a' 

5, 5' 123.8, CH 7.32, dd (1.8, 8.5) H-4, H-7, H-4', H-7' 3a, 3a', 7, 7', 7a, 7a' 

6, 6' 114.9, C    

7, 7' 114.5, CH 7.69, d (1.8) H-5, H-5' 3a, 3a', 5, 5', 7a, 7a' 

7a, 7a' 137.3, C    

8, 8' 167.8, C    

9  10.34, s  8, 8' 
a HMBC correlations are from proton(s) stated to the indicated carbon. 

Indole-3-carboximidamides are rarely encountered in nature. Wuzhuyurutine A from 

Evodia rutaecarpa (Juss.) Benth. (Rutaceae),48 and N-(aminocarbonyl)-1H-indole-3- 

carboxamide from the sponge Zyzza massalis 49 are the only natural products similar to 

splendamide (2). A number of more complex indole-3-carboximidamide containing natural 

products have been reported from marine sponges, including the cytotoxic and antifungal 

nortopsentins A-C (23-25) from Spongosorites ruetzleri,50 and nortopsentin D (26) from a 

Dragmacidon sp.51 (Figure 3) 

NH

R2

N

HN

HN

R1

23. R1 = R2 = Br
24. R1 = Br, R2 = H
25. R1 = H, R2 = Br

N
H

Br

N
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26  

Figure 3. Chemical structures of nortopsentins A-D (23-26)  
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Jaspnin A (3) TFA salt was isolated as a white powder. (+)-HRESIMS measurement 

gave an adduct [M+Na]+ ion at m/z 223.0511, consistent with a molecular formula of 

C8H12N2O2S with four degrees of unsaturation. The IR spectrum had an absorption at 1660 cm-

1, suggesting a carbonyl functionality in the molecule. The UV spectrum had an absorption 

maximum at 208 nm and weak absorption at 244 nm, indicative of an imidazole moiety. The 

1H NMR data contained one aromatic singlet (δH 9.01), one methylene singlet (δH 4.01), and 

three methyl singlets (δH 3.97, 3.87 and 2.36) (Table 3). Five protonated carbons were 

identified in the HSQC and HMBC spectra. The chemical shifts of the two methyls (δH 3.97 

and δC 33.0, δH 3.87 and δC 33.9) suggested that they were N-methyl groups. The third methyl 

singlet (δH 2.34 and δC 17.8) was either an aromatic, olefinic, or S-methyl. The chemical shifts 

of the methine functionality (δH 9.01 and δC 139.7) indicated a diheteroatom-substituted sp2-

hybridized methine.  

HMBC correlations from the methine (δH 9.01) and the methylene (δH 4.01) protons to 

two aromatic nonprotonated carbons (δC 134.3 and 127.7) suggested the presence of a 

substituted imidazole moiety. Weak COSY correlations between the methine proton and two 

N-methyls indicated the presence of 1,3-dimethylimidazole. The assignment was confirmed by 

HMBC correlations from the two methyl singlets (δH 3.94 and 3.87) to the methine carbon (δC 

139.7). An HMBC correlation from the methylene singlet (δH 4.01) to a carbonyl carbon (δC 

170.7) suggested the presence of a carboxylic acid. The remaining elements were assigned a 

methyl thioether and its attachment at C-4 was established based on the HMBC correlation 

from the methyl singlet (δH 2.36) to carbon C-4 (δC 127.7). Jaspnin A was therefore assigned 

as 3 (Figure 4). Because TFA was used throughout the purification process, the counterion for 

jaspnin A (3) was trifluoroacetate. 
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Figure 4. Key HMBC correlations for 3. 

Table 3. NMR Spectroscopic Data (600 MHz for 1H and 150MHz for 13C, CD3OD) for 3 

position δC, type δH, mult. (J in Hz) COSY HMBCa 

1 170.7, C    

2 28.9, CH2 4.01, s  1, 3, 4 

3 134.3, C    

4 127.7, C    

6 139.7, CH 9.01, s N5-CH3, N7-CH3 3, 4 

4-SCH3 17.8, CH3 2.36, s  4 

5-NCH3 33.0, CH3 3.97, s H6 4, 6 

7-NCH3 33.9, CH3 3.87, s H6 3, 6 
a HMBC correlations are from proton(s) stated to the indicated carbon. 

A number of methylthioimidazole containing natural products have been reported in 

the literature, including dysideanin A (27) from Dysidea sp.,53 reticulatins A and B from 

Hyrtios reticulatus.,52,53 leptoclinidamine C (28) from Leptoclinides durus,54 didemnolines A-

D from Didemnum sp.,55 hyrtiomanzamine from Hyrtios erecta,56 dragmacidonamines A and 

B from Dragmacidon sp.,57 and gesashidine A from a Thorectidae sponge (Figure 5).58 

 

Figure 5. Chemical structures of dysideanin A (27) and leptoclinidamine C (28) 

Jaspamycin (8) and 6-bromo-1H-indole-3-amidine (16) have been previously reported 

as synthetic products, the spectra were identical with the data in the literature.29 6-Bromo-1H-

indole-3-amidine (16) is commercial source from Aurora Building Blocks. The 1D and 2D 

NMR data for 8 and 16 are given in the Supporting Information. 
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Consistent with the extraction and fractionation protocol developed in-house to prepare 

a Nature Bank fraction library targeting drug-like molecules, the isolated compounds were 

distributed within this lead-like space (five fractions in Figure 6).8,59 The physicochemical 

property calculations using Instant JChem (version 15.7.27.0) are in the Supporting 

Information.60  

 

Figure 6. HPLC chromatogram of lead-like enhanced extract of the marine species Jaspis splendens and 

chemical structures isolated from different lead-like enhanced fractions. 

The cytological profiles of the 22 metabolites from J. splendens were examined to 

identify congeneric chemical series by coupling an unbiased multidimensional phenotype assay 

using nontransformed and nonimmortalized hONS cells, which are primary cells derived from 

a Parkinson’s disease patient. hONS cells were treated with 10 μM of each compound for 24 

h. Cytological parameters were assessed by staining with fluorescent probes targeting various 

cellular pathways and organelles implicated in Parkinson’s disease. These included 
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mitochondria, early endosomes, lysosomes, microtubule-based cytoskeleton, and 

autophagosomes. In total, 38 phenotypic features across the individual cell line were generated. 

The compounds were subsequently clustered based on their pairwise Pearson's correlation 

coefficient using Cluster 3.0 and visualized using Java TreeView (Figure 7). At the 

concentration of 10 μM, compounds 18, 19, 21 and 22 showed cytotoxicity, hence they were 

not included in the heat map. 

 

Figure 7. Heat map depicting the cytological profile of metabolites from Jaspis splendens at 10 μM on 38 

parameters based on the log2 ratio of compound and vehicle (DMSO). Red shows a decrease versus vehicle 

and blue shows an increase versus vehicle. Individual compounds are presented on the y-axis with individual 

features on the x-axis. 1. Nucleus area (µm²) 2. Nucleus morphology width (µm) 3. Nucleus morphology 

length (µm) 4. Nucleus morphology ratio width to length 5. Nucleus morphology roundness 6. Nucleus 

marker texture index 7. Nucleus marker intensity 8. Cell area (µm²) 9. Cell width (µm) 10. Cell length (µm) 

11. Cell ratio width to length 12. Cell roundness 13. α-Tubulin marker intensity in the cytoplasm 14. α-

Tubulin marker intensity in outer region of cytoplasm 15. α-Tubulin marker intensity in inner region of 

cytoplasm 16. α-Tubulin marker texture index 17. Mitochondria marker intensity in the cytoplasm 18. 

Mitochondria marker intensity in outer region of cytoplasm 19. Mitochondria marker intensity in inner 

region of the cytoplasm 20. Mitochondria marker texture index 21. LC3b marker intensity in the cytoplasm 

22. LC3b marker intensity in the outer region of the cytoplasm 23. LC3b marker intensity in inner region of 

cytoplasm 24. LC3b marker texture index 25. Lysosome marker intensity mean 26. Lysosome marker 

intensity outer region mean 27 Lysosome marker intensity inner region mean 28. Lysosome marker texture 

index. 29. Number of EEA1 marker spots in cytoplasm 30. Number of EEA1 marker spots in inner region 

of cytoplasm 31. Number of EEA1 marker spots in outer region of cytoplasm 32. Number of EEA1 marker 

spots per Area of cytoplasm 33. EEA1 marker intensity in outer region of cytoplasm 34 EEA1 marker 

intensity in inner region of cytoplasm 35. EEA1 marker intensity in the cytoplasm 36. Number of EEA1 

marker spots per area of outer region 37 Number of EEA1 marker spots per Area of inner region of cytoplasm 

38. EEA1 marker texture index. 
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On the basis of the similarity of their biological profile, two prominent clusters were 

obtained by a defined line across the dendrogram at a Pearson's correlation > 0.70. Under a 

Pearson's correlation of 0.77, there were four clusters A, B, C and D (Figures 7 and 8). 

Jaspamycin 8 in cluster A showed the highest level of deviation from the control in the 

biological activity profile. Clustering of the 38 biological parameters resulted in a 3-modal 

effect. Nuclear and cytoplasmic markers were slightly affected compared to the DMSO control. 

Parameters associated with mitochondria, α-tubulin, LC3b and lysosome were moderately 

increased relative to DMSO control while an obvious decrease in the number of EEA1-

associated early endosomes throughout the cytoplasm was evident with a corresponding 

increase in signal intensity. At a Pearson's correlation of 0.77, five compounds 1-3, 16 and 20 

in cluster B were similar in the biological activity profile to jaspamycin (8) in cluster A, with 

the main difference that cluster B showed a lower level of deviation from the control (Figures 

7 and 8). 

Compared to clusters A and B, compounds in clusters C and D showed negative 

deviation from the control for mitochondria, α-tubulin, LC3b and lysosome features. In cluster 

C, cytoplasmic, mitochondrial, and autophagy markers with compounds 4-7, 10 and 14 were 

slightly decreased in comparison with compounds 9, 11-13 and 17 under a Pearson's correlation 

at 0.91. The most striking and consistent alteration was the effect of these compounds on the 

early endosomal marker EEA1, which decreased in number and texture throughout the 

cytoplasm. Compound 15, a singleton in cluster D, showed the lowest deviation from the 

DMSO control in its cytological profile. 
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Figure 8. Clustered biological activity profile of metabolites from Jaspis splendens. The full description of 

all 38 cellular parameters and their response to natural products at 10 μM. (x-axis: log 2 ratio of metabolite 

(10 μM) vs control (DMSO); y-axis: 38 cellular parameters.) Two prominent clusters were shown in the red 

frames. Clusters A, B, C and D are shown in the light blue frames. The light green lines show a Pearson's 

correlation of 0.91. 
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Jaspamycin (8) in cluster A, had previously been synthesized and this is its first report 

as a natural product. As an analogue of toyocamycin (7), jaspamycin (8) had a very different 

cytological profile from the other six nucleosides (4-7, 9 and 10) and three related aglycones 

(11-13) in cluster C. Further analogues of jaspamycin 8 at positions 4 and 5, and the sugar 

moiety would allow structure activity relationship to be developed (Figure 8). The four other 

new metabolites 1-3, 16 plus 20 in cluster B presented a relatively lower activity than 

jaspamycin (8). All six of these chemically diverse compounds were clustered into one 

prominent cluster and displayed similar phenotypic profiles. 

In contrast, the four chemically similar bromoindole alkaloids 14-17 (clusters B, C and 

D) were interestingly clustered into different groups, indicating that the substitutions for this 

scaffold played important roles in different therapeutic pathways or functional proteins. 

In addition, the new bisindole alkaloid splendamide (2), with a carboxylic acid imide 

group and the monoindole alkaloid, 6-bromo-1H-indole-3-amidine (16), with a carboxamidine 

functionality, showed similar biological activity in cluster B. Under Pearson's correlation of 

0.91, they were in different clusters revealing some structure-activity relationship. 

Four of the five jaspamide peptides (18, 19, 21 and 22) exhibited an alteration of nuclear 

and cellular parameters at 10 µM suggesting that these cyclic jaspamide peptides are cytotoxic. 

Jaspamide Z1 (20), the open-chain form of jaspamide (18), showed a lower cytotoxicity level. 

A new neighbor correlation of the phenotype to compounds with known targets may 

identify possible biological targets. Jaspamycin (8) had significant phenotypic perturbation of 

Parkinson’s disease patient-derived human olfactory neurosphere-derived cells on the markers. 

In previous research, iotrochotazine A, isolated from an Australian marine sponge Iotrochota 

sp., was used as a chemical probe and investigated in the phenotypic assay.6 In comparison to 

iotrochotazine A, jaspamycin (8) moderately increased lysosomal staining and significantly 
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decreased the number of EEA-1-associated early endosomes, while iotrochotazine A decreased 

lysosomal staining and increased the number of EEA-1-associated early endosomes. In 

conclusion, we have isolated three new compounds and two natural products, previously 

reported as synthetic products, together with 17 known metabolites from J. splendens. Rather 

than any unique chemical feature, it was the phenotypic responses of the metabolites in a hONS 

cell model of Parkinson’s disease that led us to identify jaspamycin (8) as having unique 

biologically relevant chemical space. Herein, the different phenotypic responses of jaspamycin 

(8) and iotrochotazine A offer useful probes to investigate the molecular mechanisms 

underlying Parkinson’s disease. 

EXPERIMENTAL SECTION 

General Experimental Procedures. Optical rotations were recorded on a JASCO P-

1020 polarimeter (10 cm cell). IR and UV spectra were recorded on a Bruker Tensor 27 

spectrophotometer and a CAMSPEC M501 UV/vis spectrophotometer, respectively. NMR 

spectra were recorded in DMSO-d6 (δH 2.50 and δC 39.5) or MeOH-d4 (δH 3.31 and δC 49.0) at 

30 ºC on a Varian INOVA 600 MHz spectrometer equipped with a triple-resonance cold probe 

or at 25 ºC on a Bruker Avance HDX 800 MHz spectrometer equipped with a TCI cryoprobe. 

The low-resolution mass spectra (LRESIMS) were recorded on a Mariner time-of-flight (TOF) 

spectrometer equipped with a Gilson 215 eight-probe injector and a Waters LCMS system 

equipped with a Luna C18 column (3 μm, 100 Å, 50 × 4.6 mm), a PDA detector, and a ZQ ESI 

mass spectrometer. The high-resolution mass spectra (HRESIMS) were recorded on a Bruker 

Daltonics SolariX 12 T Fourier transform mass spectrometer. An Edwards Instrument 

Company Bioline orbital shaker was used for extraction. The HPLC system included a Waters 

600 pump fitted with a 996 photodiode array detector and Gilson FC204 fraction collector. A 

ThermoElectron Betasil C18 column (5 μm, 21.2 × 150 mm) and a Phenomenex Luna C18 
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column (5 μm, 10 × 250 mm) were used for semipreparative HPLC. All solvents used for 

extraction, chromatography, [α]D, UV, IR, and MS were Lab-Scan HPLC grade, and the H2O 

was Millipore Milli-Q PF filtered.  

Animal Material. A specimen of Jaspis splendens was collected by scuba (-23 m) in 

Mid Reef (S 14.44813, E 144.88139), Great Barrier Reef, North Queensland, Australia on July 

3, 2003. Sponge material was kept frozen prior to freeze-drying and extraction. Taxonomic 

identification of J. splendens was performed by Dr. J. N.A. Hooper. A voucher specimen, 

G320726, has been deposited at the Queensland Museum, South Brisbane, Australia. 

Extraction and Purification of Compounds 1-22. The ground and freeze-dried J. 

splendens (50 g) was extracted with n-hexane (250 mL) for 2 h at room temperature (rt). The 

n-hexane extract was filtered under gravity and discarded. Then 250 mL CH2Cl2/MeOH (80:20) 

was added to the biota and extracted for 2 h. The CH2Cl2/MeOH extract was filtered, and the 

biota was further extracted with two lots of 250 mL of MeOH for 2 h and overnight, 

successively. Both MeOH extracts were combined with CH2Cl2/MeOH extract and dried to 

afford the crude extract. The crude extract was fractionated using a C18 bonded silica flash 

column. Five fractions were collected by eluting with gradients H2O/MeOH containing 0.1% 

TFA (100% H2O, 90% H2O/10% MeOH, 50% H2O/50% MeOH, 10% H2O/90% MeOH, 100% 

MeOH, respectively). The 90% H2O/10% MeOH fraction was chromatographed by HPLC 

(gradient H2O/ MeOH with 0.1% TFA) using a semipreparative reversed-phase C18 Betasil 

column (21.2 mm × 150 mm). Initial isocratic conditions of 10% MeOH were used for 10 min 

then a linear gradient from 10 to 50% MeOH was performed over 40 min and continued 

isocratic for 10 min at a flow rate of 9 mL/min. Sixty fractions were collected by 1 min 

increments over 60 min to afford jaspterin (1) and jaspnin A (3) TFA salt, together with 

nucleosides (4-10), and aglycones (11-13). The 50% H2O/50% MeOH fraction was 
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chromatographed by HPLC (gradient H2O/ MeOH with 0.1% TFA) using the same 

semipreparative C18 column eluting with 70% H2O/30% MeOH to 20% H2O/80% MeOH. A 

new bisindole alkaloid, splendamide (2), along with four indole alkaloids (14-17) were isolated. 

In addition, five jaspamide pepitides (18-22) were also isolated from the 90% H2O/10% MeOH 

fraction by the same semipreparative HPLC column eluting with gradient H2O/ MeOH with 

0.1% TFA from 40% H2O/60% MeOH to 100% MeOH.  

Jaspterin (1): white powder; UV (MeOH) λmax (log ε), 238 (2.81), 252 (2.81), 280 

(2.89), 358 (2.43) nm; 1H NMR (600 MHz, DMSO-d6) and 13C NMR data (125 MHz, DMSO-

d6), Table 1; (+)-HRESIMS m/z 214.0670 [M+Na]+ (calcd for C8H9N5NaO, 214.0699). 

Splendamide (2): colorless gum; UV (MeOH) λmax (log ε), 216 (3.60), 275 (3.19), 304 

(2.97) nm; 1H NMR (600 MHz, DMSO-d6) and 13C NMR data (125 MHz, DMSO-d6), Table 

2; (+)-HRESIMS m/z 481.9116 [M+Na]+ (calcd for C18H11
79Br2N3NaO2, 481.9110). 

Jaspnin A (3) TFA salt: white powder; UV (MeOH) λmax (log ε), 208 (2.88), 244 (2.39) 

nm; 1H NMR (600 MHz, MeOH-d4) and 13C NMR data (125 MHz, MeOH-d4), Table 3; (+)-

HRESIMS m/z 223.0511 [M+Na]+ (calcd for C8H12N2NaO2S, 223.0511). 

Jaspamycin (8): white solid; [α]D
26 = -25.0 (c 0.020, MeOH); UV (MeOH) λmax (log ε), 

208 (4.09), 265 (3.94) nm; 1H NMR (600 MHz, DMSO-d6): 12.48 (s, 1H), 8.33 (s, 1H), 8.08 

(s, 1H), 6.02 (d, 5.5, 1H), 4.31 (dd, 5.5, 5.1, 1H), 4.09 (dd, 5.1, 3.9, 1H), 3.92 (m, 1H), 3.65(dd, 

12.3, 2.9, 1H), 3.57(dd, 12.3, 3.2, 1H); (+)-HRESIMS m/z 315.0700 [M+Na]+ (calcd for 

C12H12N4NaO5, 315.0700). 

6-Bromo-1H-indole-3-amidine (16) TFA salt: white powder; UV (MeOH) λmax (log ε), 

235 (4.28), 290 (3.65) nm; 1H NMR (600 MHz, DMSO-d6): 12.38 (s, br, 1H), 8.79 (s, br, 2H), 
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8.50 (s, br, 2H), 8.22 (s, br, 1H), 7.79 (d, 1.8, 1H), 7.76 (d, 8.6, 1H), 7.41 (dd, 1.8, 8.6, 1H); 

(+)-HRESIMS m/z 237.9974 [M+H]+ (calcd for C9H8
79BrN3, 237.9980). 

Biological Assay. Compounds were transferred into two optically clear bottom 

CellCarrie 384-well plates (PerkinElmer). hONS cells from the Parkinson’s disease cell line 

C1 200 08 0013 were added to each well at a density of 1350 cells per well in 50 μL of growth 

medium (DMEM/F12, 10% FBS) leading to a final concentration of 10 μM (0.6% DMSO) for 

each compound. DMSO (0.6%) was used as negative control. The cells were incubated for 24 

h at 37 oC under 5% CO2. 

Cell Staining. After 24 h of incubation, the medium was aspirated and one 384-well 

plate was treated with MitoTracker Orange CMTMRos (Invitrogen) (400 nM) for 30 min at 37 

oC under 5% CO2. The second 384-well plate was treated with LysoTracker Red DND-99 

(Invitrogen) (100 nM) for 1 h at 37 oC under 5% CO2. Cells were fixed in 4% paraformaldehyde 

for 5 min at room temperature (rt). Cells were washed twice with phosphate-buffered saline 

(PBS, Sigma-Aldrich) and treated with 3% goat serum (Sigma-Aldrich) and 0.2% Triton X-

100 (Sigma-Aldrich) in PBS for 45 min at rt. Plates were incubated with primary antibodies. 

Mouse anti-α-tubulin 1/4000 (Sigma-Aldrich) and rabbit anti-LC3b 1/335 (Sigma-Aldrich) 

were added to the plate already treated with MitoTracker, and mouse anti-EEA1 1/200 (Sigma-

Aldrich) was added to the plate previously treated with LysoTracker. Plates were incubated at 

rt for 1 h, then washed twice with PBS. Secondary antibodies goat anti-mouse Alexa-647 1/500 

(Invitrogen) and goat anti-rabbit Alexa-488 1/500 (Invitrogen) were added to the first plate and 

goat anti-mouse Alexa-488 1/500 (Invitrogen) was added to the second plate for 30 min at rt. 

Cells were washed twice with PBS and stained with 4',6'-diamidino-2-phenylindole 1/5000 

(Dapi, Invitrogen) and with CellMask Deep Red 1/5000 (Invitrogen) for the plate treated with 
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LysoTracker and incubated for 10 min at rt. Cells were washed twice with PBS and plates were 

stored in the dark at 4 oC with 25 μL of PBS/well. 

Imaging and Image Analysis Plates were imaged automatically using Operetta 

(PerkinElmer), a high content imaging system using a 20× high numerical aperture objective 

lens. Six images per well for each wavelength were collected. Individual cell segmentation was 

done using the Harmony software and measurements for each cell were performed generating 

38 parameters from six dyes: Dapi, α-tubulin staining, MitoTracker Orange CMTMRos, LC3b 

staining, LysoTracker Red DND-99 and EEA1 staining. The normality of the data was checked 

for each parameter and a log2 transform was made when required in order to perform a t-test to 

identify significant changes when compared to DMSO. The log2 compound/DMSO ratio was 

clustered using Cluster 3.0 software (uncentered correlation and centroid linkage) and analyzed 

using Java TreeView. 
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Figure S5. 1HNMR spectrum of compound 2 in DMSO-d6 
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Figure S6. COSY spectrum of compound 2 in DMSO-d6 
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Figure S7. HSQC spectrum of compound 2 in DMSO-d6 
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Figure S8. HMBC spectrum of compound 2 in DMSO-d6 
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Figure S9. 1HNMR spectrum of compound 3 in MeOH-d4 
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Figure S10. COSY spectrum of compound 3 in MeOH-d4 
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Figure S11. HSQC spectrum of compound 3 in MeOH-d4 
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Figure S12. HMBC spectrum of compound 3 in MeOH-d4 
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Figure S13. 1HNMR spectrum of compound 8 in DMSO-d6 
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Figure S14. COSY spectrum of compound 8 in DMSO-d6 
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Figure S15. HSQC spectrum of compound 8 in DMSO-d6 
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Figure S16. HMBC spectrum of compound 8 in DMSO-d6 
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Figure S17. 1HNMR spectrum of compound 16 in DMSO-d6 
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Figure S18. COSY spectrum of compound 16 in DMSO-d6 
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Figure S19. HSQC spectrum of compound 16 in MeOH-d4 
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Figure S20. HMBC spectrum of compound 16 in MeOH-d4
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Table S1. The drug- and lead-like physicochemical properties 

 

The drug- and lead-like physicochemical properties of these 22 natural products were 

calculated using Instant JChem (version 15.7.27.0). The parameters including molecular 

weight (MW), log P, number of hydrogen bond acceptors (HBA), and number of hydrogen 

bond donors (HBD) were analyzed against Lipinski’s rule-of-five (Table S1 and Figure S21). 

 

Table S1. Physicochemical Profiling of Isolated Natural Products 1-22 from Jaspis splendens. 

compound 
physicochemical parametersa 

MW log P HBA HBD No. of Violations 

1 191.19 -0.46 5 1 0 

2 461.11 4.40 2 3 0 

3 201.26 -3.19 2 1 0 

4 283.24 -2.71 8 5 0 

5 267.25 -2.01 8 4 0 

6 242.23 -1.12 5 3 0 

7 291.27 -1.42 8 4 0 

8 292.25 -1.81 7 4 0 

9 324.29 -1.27 8 4 0 

10 309.28 -2.43 8 5 0 

11 192.18 0.28 4 2 0 

12 159.15 0.14 4 2 0 

13 177.17 -0.87 4 3 0 

14 239.12 2.26 1 2 0 

15 239.07 1.69 1 2 0 

16 238.09 1.76 2 3 0 

17 254.08 2.84 1 1 0 

18 709.68 5.04 5 4 2 

19 723.67 4.69 6 4 1 

20 727.70 4.38 7 6 2 

21 695.66 4.80 5 4 1 

22 788.58 5.81 5 4 2 

a All physicochemical properties, including molecular weight (MW), log P, hydrogen bond acceptors 

(HBA) and hydrogen bond donors (HBD), were calculated using Instant JChem (version 15.7.27.0). 

 

The results (Table S1 and Figure S21) suggested that the majority of isolated natural products 

obeyed Lipinski’s rule-of-five in terms of log P < 5 (90.9%), MW < 500 Da (77.3%), HBA < 

10 (100%) and HBD < 5 (95.5%). 
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Figure S21. Physicochemical property histograms (MW, log P, HBD, and HBA) for compounds isolated 

from Jaspis splendens. In each case the orange line indicates the maximum desirable value for oral 

bioavailability defined by Lipinski’s rule-of-five: MW < 500 Da; log P < 5, HBA < 10 and HBD < 5. 
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Figure S22. Biological activity profile of metabolites 1 to 9 from Jaspis splendens
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Figure S23. Biological activity profile of metabolites 10 to 17 and 20 from Jaspis splendens 
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Figure S24. Photograph of the marine sponge Jaspis splendens (G320726) 
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ABSTRACT 

Following the footstep of the previous Grand Challenge paper, we chemically and 

biologically investigated the leaves of an Australian plant Gloriosa superba L. The 

chemical investigations resulted in the isolation of four new alkaloids β-lumicolchicosides 

A-C (1-3) and γ-lumicolchicoside A (4), one new nucleoside derivative N3-2-

hydroxybenzyluridine (15), two new phenolic glycosides gloriosides A and B (19 and 22), 

together with four lumicolchicine derivatives (5-8), six colchicine analogues (9-14), three 

nucleosides (16-18), eight phenolic glycosides (19, 20, 23-28), one coumarin (29), one 

ellagic acid glycoside (30), two flavones (31, 32) and seven flavone glycosides (33-39). 

The chemical structures of the seven new compounds (1-4, 15, 19 and 22) were 

unambiguously characterized by extensive analyses of their NMR and mass spectroscopic 

data. An unbiased assay, using a human olfactory neurosphere-derived (hONS) cell model 

of Parkinson’s disease (PD), examined the phenotypic profiles of all of the metabolites. 

The seven new compounds showed slight phenotypic perturbations of several markers in 

PD patient derived hONS cells. Colchicine and its congeners displayed phenotypic profiles 

with major effects on mitochondria and autophagy and modest effects on tubulin markers 

in patient derived PD cells. 
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INREODUCTION 

As part of our continuing effort to identify chemical probes to interrogate 

Parkinson’s disease using an unbiased phenotypic assay,1 an Australian plant Gloriosa 

superba L. was chemically investigated.2,3 Thirty-nine isolated natural products were 

cytologically profiled using the human olfactory neurosphere-derived (hONS) cells, from 

a Parkinson’s disease patient, which models functional aspects of Parkinson’s disease.4 

Plants belonging to the genus Gloriosa (family Colchicaceae) have ten different 

species.5-8 G. superba L. is a perennial climber and its alkaloid-rich tuber and seeds have 

long been used as traditional medicines in many cultures for the treatment of gout, 

rheumatism, ulcers, infertility, open wounds, and cancer.9,10 However, there is no reported 

traditional medicinal use of G. superba L. for brain and neurological diseases. 

The genus Gloriosa is the source of sixty characterized natural products,11 of which 

the majority of compounds belong to the colchicine and lumicolchicine alkaloid structure 

classes.11 Colchicine, the major poisonous alkaloid first isolated in 1820 by Pelletier and 

Caventou,12 is a well-known secondary metabolite with a skewed phenyl-tropolone ring 

system.13 Its complete structure was finally determined in the early 1950s.14,15 Colchicine 

and its congeners have attracted a great amount of interest for many years due to their 

chemistry and biological activity. Colchicine was first used for the management of sore 

joints and acute gout.16 It was approved by FDA in 2009 as a monotherapy for the treatment 

of familial Mediterranean fever,17 acute gout flares, and prophylaxis of gout flares.18 The 

compound has also been reported to possess antitumor and anti-inflammatory properties 

and is still used in the treatment of Behcet’s syndrome,19 cirrhosis, arthritis and 
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psoriasis.20,21 Colchicine is an antimitotic drug that terminates cell division in such a 

manner that mitosis is arrested in metaphase.22,23 Studies on the mechanism of action 

suggested that colchicine and its analogues inhibit mitosis and other cellular functions by 

specifically binding to tubulin and inhibiting its assembly into microtubule.13,24 A series of 

cyclobutene containing colchicine derivatives, namely lumicolchicines, have been 

discovered within the last 60 years.25 Chemically, colchicine alkaloids are unstable and in 

solution they can decompose under light and in high temperatures to α-, β- and γ-

lumicolchicines.26,27 There has also been reports of the isolation of colchicine and 

lumicolchicine glycosides from the genus Gloriosa and related genera.28-31 

G. superba L. was collected from Hervey Bay, Australia. Chemical investigations 

of the leaves of G. superba L. resulted in the isolation and characterization of 39 secondary 

metabolites, including four new lumicolchicine glycosides β-lumicolchicoside A-C (1-3) 

and γ-lumicolchicoside A (4), one new nucleoside derivative N3-2-hydroxybenzyluridine 

(15), two new phenolic glycosides gloriosides A and B (19 and 22), together with the 

previously reported natural products 2-O-demethyl-β-lumicolchicine (5),32 2-O-demethyl-

N-deacetyl-N-formyl-β-lumicolchicine (6),33 N-deacetyl-N-formyl-β-lumicolchicine (7),34 

β-lumicolchicine (8),35 colchicine (9),35 3-O-demethylcolchicine (10),36 2-O-

demethylcolchicine (11),37 N-deacetyl-N-formylcolchicine (12),38 2-O-demethyl-N-

deacetyl-formyl-colchicine (13),37 cornigerine (14),39 thymidine (16),40 adenosine (17),41 

guanosine (18),42 methyl 2-(β-D-glucopyranosyloxy-6-hydroxybenzoate (20),43 

jiamizioside C (21),44 dodegranoside G (23),45 1-O-β-D-glucopyranosyl pyrocatechol 

(24),45 salicin (25),43 isosalicin (26),46 2'-O-β-D-glucopyranosylsalicin (27),47 benzyl 

gentiobioside (28),48 aesculetin (29),49 3,3'-di-O-methylellagic acid-4'-O-β-D-
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glucopyranoside (30),50 apigenin (31),51 luteolin (32),51 luteolin 3',7-diglucoside (33),52 

luteolin 4',7-diglucoside (34),53 skolimoside (35),54 neodiosmin (36),55 luteolin-7-O-

glucoside (37),56 thermopsoside (38)57 and dracocephaloside (39).58 The chemical 

structures of the metabolites were elucidated using a series of spectrometric and 

spectroscopic techniques. 

On the basis of previous work, we developed a theoretical framework that explains 

that all natural products interact with biologically relevant space.59,60 All of the compounds 

were subjected to an unbiased phenotypic assay on human olfactory neurosphere-derived 

(hONS) cell line, followed by analysis of their cytological effects. Herein we report the 

isolation and structure elucidation of the seven new compounds (1-4, 15, 19 and 22) as well 

as the phenotypic effects of all of the isolated natural products from G. superba L. 

RESULTS AND DISCUSSION 

The air-dried and ground leaves of G. superba L. (20 g) were sequentially extracted 

with n-hexane, CH2Cl2, and MeOH. The CH2Cl2/MeOH extracts were combined and 

fractionated using a C18 bonded silica flash column. Subsequently four fractions were 

collected by eluting with stepwise MeOH/H2O gradients (10% MeOH/90% H2O, 50% 

MeOH/50% H2O, 90% MeOH/10% H2O and MeOH, respectively; each containing 0.1% 

trifluoroacetic acid (TFA)). Previous studies on colchicine analogues from the genus 

Gloriosa and its related genera have revealed that these type of alkaloids have typical 

methoxyl signals between δH 4.00 and 3.50 and acetamide signals between δH 8.20 and 

7.50, 1.90 and 1.70 in their 1H spectra.35,39,61 The 1H NMR spectrum in DMSO-d6 of the 

50% MeOH/50% H2O fraction displayed signals characteristic of colchicine and 
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lumicolchicine alkaloids, including methoxyl singlets between δH 4.00 and 3.50, 

acetamidic proton doublets between δH 8.20 and 7.50, methyl singlets between δH 1.90 and 

1.70, and aromatic signals between δH 8.50 and 7.00. Further purification of the fraction 

by C18 bonded silica HPLC (gradient MeOH/H2O with 0.1% TFA) yielded four new 

lumicolchicine glycosides, namely β-lumicolchicosides A-C (1-3) and γ-lumicolchicoside 

A (4), along with known β-lumicolchicines (5-8), colchicines (9-14) and flavone glycosides 

(33-39). The 1H NMR spectrum of the 10% MeOH/90% H2O fraction contained signals 

indicative of nucleosides and phenolic glycoside type molecules. Further purification of 

the fraction led to the isolation of three new metabolites, namely N3-2-

hydroxybenzyluridine (15), gloriosides A and B (19, 22), together with known nucleosides 

(16-18) and phenolic glycosides (20, 21 and 23-28). Further purification of the 90% 

MeOH/10% H2O fraction resulted in the isolation of four known natural products (29-32). 

In total, 39 structurally diverse secondary metabolites were isolated from the prolific 

Australian plant G. superba L. 

 



99 

 

 

 

 

 

β-Lumicolchicoside A (1) was isolated as an optically active pale yellow powder 

with an [α]D value of +41.4. HRESIMS data gave a [M+Na]+ ion at m/z 570.1944, which 

was consistent with a molecular formula of C27H33NO11, and implied twelve degrees of 
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unsaturation. The 1H NMR spectrum contained one aromatic methine singlet (δH 6.68), one 

olefinic methine doublet (δH 6.61, d, J = 3.3 Hz), one anomeric methine doublet (δH 5.06, 

d, J = 7.2 Hz), seven deshielded methines (δH 4.72, 4.01, 3.45, 3.25, 3.24, 3.14 and 3.07), 

three methylene moieties (δH 3.62/3.40, 2.68 and 1.75), three methoxyl singlets (δH 3.89, 

3.77 and 3.61), one methyl singlet (δH 1.78) and one exchangeable amino proton doublet 

(δH 7.78, d, J = 9.1 Hz) (Table 1). Analysis of the 13C NMR spectrum indicated the 

molecule contained two carbonyl carbons (δC 199.1 and 168.1), ten sp2 hybridized carbons 

(δC 157.6, 152.8, 151.2, 144.1, 139.6, 139.5, 136.8, 127.3, 118.5 and 109.9), three 

methoxyls (δC 61.5, 56.1 and 56.1), one methyl (δC 22.6), three methylenes (δC 60.8, 31.5 

and 31.1) and eight sp3 hybridized methines (δC 101.7, 76.8, 76.3, 74.1, 69.7, 51.1, 48.2 

and 42.1), six of which were oxygen- or nitrogen-bearing (Table 2). Analysis of the COSY 

spectrum established three spin systems: CH-CH-CH, NH-CH-CH2-CH2 and a sugar 

moiety (Figure 1 in bold). The deshielded carbon chemical shift of C-1' (δC 101.7), the 

presence of four oxymethine 13C resonances and a deshielded methylene (δH 3.62/3.40, δC 

60.8) suggested a monosaccharide. The coupling constant of the anomeric proton (JH-1ʹ, H-

2ʹ = 7.2 Hz) and the chemical shift of the anomeric carbon (δC-1ʹ 101.7) indicated β-O-

glycosidic linkage of the glucopyranoside moiety in 1. 

 

Figure 1. Key COSY, HMBC, and ROESY correlations for 1 
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An HMBC correlation from the quadrupole broadened amidic proton doublet (δH 

7.78, b d, J = 9.1 Hz), which was coupled to H-7 (δH 4.72), to a shielded carbonyl carbon 

C-13 (δC 168.1) suggested an acetamide moiety. It was confirmed by an HMBC correlation 

from the methyl singlet H-14 (δH 1.78) to C-13. HMBC correlations from the methine 

doublet H-11 (δH 6.61, d, J = 3.3 Hz) to a methine carbon C-8 (δC 51.1) and a carbonyl 

carbon C-9 (δC 199.1), and from the methine proton H-8 (δH 3.45) to a nonprotonated 

carbon C-10 (δC 157.6) suggested the presence of a five membered enone ring between 

CH-CH-CH and an enone. The presence of the cyclopentenone fragment was confirmed 

by additional HMBC correlations from the methine proton H-12 (δH 4.01) to the olefinic 

carbon C-10 (δC 157.6). Further HMBC correlations from the two methine protons H-8 and 

H-12 (δH 3.45 and 4.01) to two sp2 hybridized carbons C-7a and C-12a (δC 139.5 and 144.1) 

established a cyclobutene ring system between CH-CH-CH and an ethenyl functionality; 

therefore, the presence of a bicycloheptadienone moiety was confirmed. HMBC 

correlations from H-7 (δH 4.72) to two sp2 hybridized carbons C-7a and C-12a (δC 139.5 

and 144.1) suggested the connectivity between NH-CH-CH2-CH2 and the 

bicycloheptadienone moiety. This assignment was confirmed by the HMBC correlation 

from the methylene proton H-6 (δH 1.75) to C-7a (δC 139.5). HMBC correlations from the 

bicycloheptadienone proton H-12 (δH 4.01) to the aromatic carbon C-12b (δC 118.5) and 

from the aromatic singlet H-4 (δH 6.68) to carbons C-5 and C-12b (δC 31.1 and 118.5) 

revealed the presence of a cycloheptene ring. The establishment was further confirmed by 

HMBC correlations from the methylene protons H-5 (δH 2.68) to two aromatic carbons C-

4 and C-12b (δC 109.9 and 118.5). Three methoxyl singlets at δH 3.89, 3.77 and 3.61 were 

assigned to C-1, C-3 and C-10 positions (δC 151.2, 152.8, and 157.6) based on their HMBC 
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correlations to the respective carbon. These assignments were further confirmed by 

ROESY correlations between 1-OCH3 (δH 3.89) and H-12 (δH 4.01), 3-OCH3 (δH 3.77) and 

H-4 (δH 6.68), 10-OCH3 (δH 3.61) and H-11 (δH 6.61), respectively. An HMBC correlation 

from the anomeric doublet H-1' (δH 5.06, d, J = 7.2 Hz) to C-2 (δC 136.8) established the 

connectivity between the β-O-glucopyranose and benzene ring. Thus, with all the atoms 

accounted for and the requirement to satisfy twelve degrees of unsaturation, the planar 

structure of β-lumicolchicoside A was assigned as 1. The absolute configuration of the 

glucose moiety was determined by GC-MS of enantiomers as peracetylated thiazolidine 

derivatives.62,63 Acid hydrolysis of 1 followed by derivatization with L-cysteine methyl 

ester hydrochloride and acetic anhydride gave a GC-MS peak at 18.18 min with a [M+H]+ 

ion at m/z 550, while standard D-glucose derivative gave a retention time of 18.19 min and 

L-glucose derivative gave a peak at 20.52 min, indicating a D-glucose in the molecule. 

Table 1. 1H NMR Spectroscopic Data (600 MHz, DMSO-d6) for β-lumicolchicosides A-C (1-3) and γ-

lumicolchicoside A (4) 

position 1 2 3 4 

NH 7.78, d (9.1) 8.17, d (8.4) 7.77, d (9.2) 8.16, d (7.8) 

4 6.68, s 6.68,s 6.77, s 6.67, s 

5 2.68, m 2.70, 2.64, m 2.61, m 2.64, m 

6 1.75, m 1.80, 1.75, m 1.72, m 1.74, m 

7 4.72, m 4.79, m 4.73, m 4.44, m 

8 3.45, d (2.7) 3.48, d (2.7) 3.45, d (2.8) 3.56, d (2.8) 

11 6.61, d (3.3) 6.61, d (3.3) 6.64, d (3.2) 6.73, d (3.3) 

12 4.01, dd (3.3, 2.7) 4.04, dd (3.3, 2.7) 4.01, dd (3.2, 2.8) 3.98, dd (3.3, 2.8) 

13  7.95, s   

14 1.78  1.78 1.85 

1-OCH3 3.89, s 3.89, s 3.87, s 3.93, s 

3-OCH3 3.77, s 3.78, s  3.77, s 

10-OCH3 3.61, s 3.61, s 3.61, s 3.63, s 

1' 5.06, d (7.2) 5.05, d (7.1) 4.65, d (7.5) 4.97, d (7.5) 

2' 3.25, m 3.26, m 3.31, m 3.26, m 

3' 3.24, m 3.25, m 3.26, m 3.21, m 

4' 3.14, m 3.15, m 3.16, m 3.17, m 

5' 3.07, m 3.06, m 3.31, m 3.07, m 

6'a 3.62, m 3.62, m 3.72, dd (11.8, 2.0) 3.62, m 

6'b 3.40, m 3.40, m 3.48, dd (11.8, 5.9) 3.41, m 
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Table 2. 13C NMR Spectroscopic Data (150 MHz, DMSO-d6) for β-lumicolchicosides A-C (1-3) and γ-

lumicolchicoside A (4) 

position 1 (1JCH, Hz) 2 (1JCH, Hz) 3 (1JCH, Hz) 4 (1JCH, Hz) 

1 151.2, C 151.1, C 146.4, C 151.1, C 

2 136.8, C 135.7, C 138.1, C 136.6, C 

3 152.8, C 151.8, C 145.9, C 151.9, C 

4 109.9, CH (160.3) 110.1, CH (160.7) 112.7, CH (161.1) 109.9, CH (159.1) 

4a 139.6, C 138.2, C 132.8, C 139.5, C 

5 31.1, CH2 (*) 30.6, CH2 (*) 31.1, CH2 (*) 31.9, CH2 (*) 

6 31.5, CH2 (*) 31.5, CH2 (*) 31.7, CH2 (*) 31.2, CH2 (*) 

7 48.2, CH (134.7) 46.4, CH (133.8) 48.5, CH (132.2) 47.3, CH (135.5) 

7a 139.5, C 137.4, C 140.2, C 138.9, C 

8 51.1, CH (148.0) 51.1, CH (147.9) 50.7, CH (146.2) 49.9, CH (147.7) 

9 199.1, C 197.5, C 197.4, C 197.5, C 

10 157.6, C 157.1, C 157.1, C 157.1, C 

11 127.3, CH (168.7) 127.2, CH (169.7) 127.6, CH (170.9) 128.5, CH (171.3) 

12 42.1, CH (152.8) 42.1, CH (153.2) 42.1, CH (153.4) 41.9, CH (151.7) 

12a 144.1, C 144.5, C 143.2, C 145.6, C 

12b 118.5, C 118.7, C 119.4, C 117.4, C 

13 168.1, C 159.8, CH (195.5) 168.4, C 168.1, C 

14 22.6, CH3 (126.5)  22.6, CH3 (124.7) 22.8, CH3 (124.6) 

1-OCH3 61.5, CH3 (143.7) 61.4, CH3 (144.7) 59.9, CH3 (145.8) 61.4, CH3 (144.2) 

3-OCH3 56.1, CH3 (143.7) 56.1, CH3 (145.0)  56.1, CH3 (143.3) 

10-OCH3 56.1, CH3 (145.2) 55.9, CH3 (144.7) 56.2, CH3 (145.8) 56.6, CH3 (145.0) 

1' 101.7, CH (166.5) 101.3, CH (165.9) 102.3, CH (162.1) 102.1, CH (165.6) 

2' 74.1, CH (140.3) 73.8, CH (140.7) 73.4, CH (139.2) 73.8, CH (141.1) 

3' 76.3, CH (137.7) 76.1, CH (138.5) 75.6, CH (140.8) 76.4, CH (140.0) 

4' 69.7, CH (138.9) 69.6, CH (137.3) 69.6, CH (137.3) 69.5, CH (137.5) 

5' 76.8, CH (134.7) 76.9, CH (135.4) 77.1, CH (136.8) 77.2, CH (137.0) 

6' 60.8, CH2 (*) 60.6, CH2 (*) 60.7, CH2 (*) 60.9, CH2 (*) 

(*): signals not clear 

β-Lumicolchicoside B (2) was assigned a molecular formula of C26H31NO11, based 

on HRESIMS data for [M-H]- 532.1814, which was consistent with twelve degrees of 

unsaturation. Inspection of the 1H and 2D NMR spectra for β-lumicolchicoside B (2) 

suggested that it was structurally related to β-lumicolchicoside A (1). However, the 1H 

NMR spectrum for 2 lacked the acetamide methyl singlet H-14 at δH 1.78. Instead an 

additional proton singlet at δH 7.95 was evident, indicative of a formamide moiety with the 
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deshielded exchangeable amidic proton doublet (δH 8.17, d, J = 8.4 Hz). The assignment 

was confirmed by HMBC correlations from the formamide singlet H-13 (δH 7.95) to the 

sp3 hybridized methine carbon C-7 (δC 46.4) and from the amido proton (δH 8.17) to the 

formamide carbon C-13 (δC 159.8). The coupling constant of the anomeric proton (JH-1ʹ, H-

2ʹ = 7.1 Hz) and the chemical shift of the anomeric carbon (δC-1ʹ 101.3) indicated β-O-

glycosidic linkage of the glucopyranoside moiety in 2. Therefore, the planar structure of β-

lumicolchicoside B was assigned as 2. Acid hydrolysis of 2 followed by derivatization with 

L-cysteine methyl ester hydrochloride and acetic anhydride gave a GC-MS peak at 18.37 

min with an adduct [M+H]+ ion at m/z 550, while standard D-glucose derivative gave a 

retention time of 18.19 min and L-glucose derivative gave a peak at 20.52 min, indicating 

a D-glucose in the molecule. 

The HRESIMS data ([M+Na]+ m/z 556.1787) for β-lumicolchicoside C (3) 

supported a molecular formula of C26H31NO11, for twelve degrees of unsaturation. The 1H 

NMR spectrum for 3 was reminiscent of that for 1. However, a careful comparison of the 

two spectra revealed the absence of a methoxyl singlet in 3. HMBC correlations established 

the connectivity between 1-OCH3 (δH 3.87) and C-1 (δC 146.4), 10-OCH3 (δH 3.60) and C-

10 (δC 157.1), respectively. These assignments were further confirmed by ROESY 

correlations between 1-OCH3 (δH 3.87) and H-12a (δH 4.01), 10-OCH3 (δH 3.60) and H-11 

(δH 6.64), respectively. The coupling constant of the anomeric proton (JH-1ʹ, H-2ʹ = 7.5 Hz) 

and the chemical shift of the anomeric carbon (δC-1ʹ 102.3) indicated β-O-glycosidic linkage 

of the glucopyranoside moiety in 3. An HMBC correlation from the anomeric proton 

doublet H-1' (δH 4.65, d, J = 7.5 Hz) to C-3 (δC 145.9) placed the monosaccharide at the C-

3 position. It was further confirmed by the ROESY correlation between the anomeric 
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proton H-1' and H-4 (δH 6.68). Nonetheless, with all the atoms of 3 accounted for and the 

requirement to satisfy twelve degrees of unsaturation, the planar structure of β-

lumicolchicoside C (3) was established. Acid hydrolysis of 3 followed by derivatization 

with L-cysteine methyl ester hydrochloride and acetic anhydride gave a GC-MS peak at 

18.08 min with a [M+H]+ ion at m/z 550, while standard D-glucose derivative gave a 

retention time of 18.19 min and L-glucose derivative gave a peak at 20.52 min, indicating 

a D-glucose in the molecule. 

The fourth compound, γ-lumicolchicoside A (4) was assigned by HRESIMS 

([M+Na]+ 570.1944) as C27H33NO11, implying twelve degrees of unsaturation. It was 

optically active with a negative [α]D value of -26.9, which was different from those of 1-3 

(+41.4, +38.2 and +32.7, respectively). Inspection of the 1H and 2D NMR spectra for γ-

lumicolchicoside A (4) suggested that it had the same planar structure to β-

lumicolchicoside A (1). Major differences were noted in the chemical shifts of the 

diastereotopic protons NH, H-7 and H-8, which resonated at δH 8.16, 4.44 and 3.56 in 

compound 4 compared to δH 7.78, 4.72 and 3.45 in compound 1. The coupling constant of 

the anomeric proton (JH-1ʹ, H-2ʹ = 7.5 Hz) and the chemical shift of the anomeric carbon (δC-

1ʹ 102.1) indicated β-O-glycosidic linkage of the glucopyranoside moiety in 4. Thus, 

considering its NMR and MS data, γ-lumicolchicoside (4) was a stereoisomer of 1. Acid 

hydrolysis of 4 followed by derivatization with L-cysteine methyl ester hydrochloride and 

acetic anhydride gave a GC-MS peak at 17.93 min with an adduct [M+H]+ ion at m/z 550, 

while standard D-glucose derivative gave a retention time of 18.19 min and L-glucose 

derivative gave a peak at 20.52 min, indicating a D-glucose in the molecule. 
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The relative configurations for 1-4 were determined by the comparison of the 1H 

NMR data to the known lumicolchine analogues in the literature,35 the 1H-1H coupling 

constants and ROSEY correlations. The 1H-1H coupling constant between H-8 and H-12 

(JH-8,H-12 = 2.7 Hz) in 1 supported a cis orientation of the two bridgehead protons. The 

ROESY correlation between H-7 and H-8 in 1 suggested that H-7 was on the same side of 

the ring system to H-8. Similar H-8 and H-12 coupling constants were observed in 2-4, 

suggesting cis orientation of the bridgehead protons. ROESY correlations between H-7 and 

H-8 were observed in 2 and 3, confirming the same relative configurations as in 1.  

The effects of the substituents and the basic skeleton on the chirality of 

lumicolchicine alkaloids have been discussed in the literature.8 Two partial chromophores, 

a styrene and a cyclopentenone moiety, contributed to three major Cotton effects (CEs) at 

350, 295 and 255 nm. In general, for β-lumicolchicines, where the absolute configuration 

defined as (7S,8R,12S), have a relatively strong positive CE at around 350 nm (due to an 

n→π* transition of the enone moiety), a strong negative exciton couplet at around 295 nm 

(related to the interaction of the electric dipole transition moments of the styrene and enone 

chromophores), and a strong positive CE at around 255 nm (ascribed to the conjugation 

band of the styrene in the ring system).8 The bicycloheptadienone moieties of the γ- 

lumicolchicines are in enantiomeric relationship to the β forms. They have the opposite 

CEs at 350, 295 and 250 nm to those of the β forms and an absolute configuration of 

(7S,8S,12R).8  

The CD spectra of compounds 1-3 showed positive CEs at 350 and 255 nm, 

negative CE at 295 nm (Figure 2b), indicating that the aglycones of compounds 1-3 had β 

absolute configuration as (7S,8R,12S). The new compound 4 had the opposite CEs at 350, 
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295 and 255 nm to the new compounds 1-3, consistent with γ configuration of (7S,8S,12R). 

The absolute configurations of the four new alkaloids β-lumicolchicosides A-C (1-3) and 

γ-lumicolchicoside A (4) were therefore established. The CD spectra of compounds 5-8 

were in agreement with the published data (Figure 2a),8 indicating the absolute 

configurations of β-lumicolchicines (5-8) as (7S,8R,12S). 

2b 

2a 

Figure 2. CD spectra of lumicolchicosides 1-4 (2b) and β-lumicolchicines 5-8 (2a) in MeOH 

N3-2-hydroxybenzyluridine (15) was obtained as an optically active colorless 

powder with an [α]D value of +17.9. The HRESIMS data gave a [M+Na]+ ion at m/z 

373.1008, which was consistent with a molecular formula of C16H18N2O7, and implied nine 

degrees of unsaturation. The 1H spectrum contained six aromatic methines (δH 8.04, 7.09, 
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7.09, 6.78, 6.75 and 5.85), one anomeric methine (δH 5.93), three deshielded methines (δH 

4.18, 4.16 and 4.02), and two methylene moieties (δH 5.09 and 3.88/3.65) (Table 3). The 

13C NMR data which was extracted from the HSQC and HMBC spectra showed two 

carbonyl carbons (δC 165.1 and 152.6), eight sp2 hybridized carbons (δC 156.6, 141.3, 130.3, 

129.7, 123.4, 120.7, 115.6 and 101.9), one sp3 hybridized carbon (δC 40.7), and five signals 

representing one terminal N-ribofuranose moiety (δC 91.7, 86.0, 75.8, 70.9 and 61.6). 

Analysis of the COSY spectrum established the presence of three spin systems: an vinyl 

group, a 1,2-disubstituted benzyl unit and a sugar moiety (Figure 3 in bold). 

 
Figure 3. Selected COSY and HMBC correlations for 15 

Structure elucidation of the 1,2-disubstituted benzyl moiety was hindered by signal 

overlapping in the aromatic region. In particular, the chemical shifts of H-4ʹ and H-6ʹ in 

MeOH-d4, or a pair of mutually coupled signals H-5ʹ and H-6ʹ in DMSO-d6, were nearly 

coincident. The 1H and COSY NMR spectra in mixed solvent DMSO-d6/MeOH-d4 (1:1) 

showed significant separation and splitting of the four aromatic protons H-3ʹ, H-4ʹ, H-5ʹ 

and H-6ʹ, and was used for the unambiguous determination of the aromatic substitution 

pattern of the 1,2-disubstituted benzyl moiety (Figure 4). 
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Figure 4. Determination of the aromatic substitution pattern of the 1,2-disubstituted benzyl moiety 1. 

The 1H NMR spectrum of 15 in MeOH-d4; 2. The 1H NMR spectrum of 15 in DMSO-d6/MeOH-d4 (1:1); 

3. The 1H NMR spectrum of 15 in DMSO-d6 (The chemical shifts of H-3ʹ in different solvents were all 

referenced at δH 6.81 in comparison) 

HMBC correlations from the aromatic doublet H-6 (δH 8.04, d, J = 8.0 Hz) to the 

carbonyl carbons C-2 and C-4 (δC 152.6 and 165.1) and from H-5 (δH 5.85, d, J = 8.0 Hz) 

to C-6 (δC 141.3), together with the carbon chemical shifts of C-5 and C-6 (δC 101.9 and 

141.3), suggested a uracil moiety,64 which is consistent with the UV absorption maximum 

at 270 nm.65 An HMBC correlation from H-6 (δH 8.11) to C-1ʹʹ (δC 91.7) established the 

connectivity between the ribofuranose and the uracil moiety. It was further confirmed by 

the observation of HMBC correlations from H-1ʹʹ (δH 5.93) to C-2 and C-6 (δC 152.6 and 

141.3). HMBC correlations from the deshielded methylene doublet H-7ʹ (δH 5.09) to the 

carbonyl carbons C-2 and C-4 (δC 152.6 and 165.1) established the connectivity between 

the 1,2-disubstituted benzyl unit and uracil moiety. HMBC correlations from protons H-4ʹ 

and H-6ʹ (δH 7.09, 7.09) to the deshielded carbon C-2ʹ (δC 156.6) indicated that a hydroxyl 
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group was attached to C-2ʹ. With all the atoms accounted for and the nine degrees of 

unsaturation satisfied, the structure of 15 was established.  

Table 3. NMR Spectroscopic Data (600 MHz for 1H and 150 MHz for 13C, MeOH-d4) for N3-2-

hydroxybenzyluridine (15) 

position δC, type (1JCH, Hz) δH, mult. (J in Hz) COSY HMBCa 

2 152.6, C    

4 165.1, C    

5 101.9, CH (180.7) 5.85, d (8.0) H-6 6 

6 141.3, CH (187.2) 8.11, d (8.0) H-5 2, 4, 1'' 

1' 123.4,C    

2' 156.6, C    

3' 115.6, CH (160.3) 6.78, dd (8.4, 1.2) H-4', H-5' 1', 5' 

4' 130.3, CH (157.1) 7.09, m H-3', H-5', H-6' 2', 6' 

5' 120.7, CH (160.7) 6.75, ddd (7.6, 7.4, 1.2) H-3', H-4', H-5' 1', 3' 

6' 129.7, CH (157.1) 7.09, m H-4', H-5', H-7' 4', 5' 

7' 40.7,CH2 (b) 5.09, d (1.6) H-6' 2, 4, 1', 2', 6' 

1'' 91.7, CH (166.5) 5.93, d (4.1) H-2'' 6 

2'' 75.8, CH (152.0) 4.18, dd (4.1, 5.4) H-1'', H-3'' 3'' 

3'' 70.9, CH (150.8) 4.16, dd (5.4, 5.5) H-2'', H-4'' 1'', 5'' 

4'' 86.0, CH (150.1) 4.02, ddd (5.5, 3.1, 2.8) H-3'', H-5a'', H-5b'' 1'' 

5'' 61.6, CH2 (b) 
3.86, dd (12.3, 2.8) H-4'', H-5b'' 3'', 4'' 

3.74, dd (12.3, 3.1) H-4'', H-5a''  
a HMBC correlations are from proton(s) stated to the indicated carbon. 

b signals not clear 

The coupling constants in the sugar moiety (JH-1ʹʹ, H-2ʹʹ = 4.1 Hz, JH-2ʹʹ, H-3ʹʹ = 5.4 Hz 

and JH-3ʹʹ, H-4ʹʹ = 5.5 Hz) suggested a β-ribofuranose moiety.66 Literature reports also 

suggested that strong positive Cotton effects at 270 nm are indicative of a β anomeric type 

pyrimidine derivatives, such as uridine, uridine-5'-fluro-5'-deoxy, cytidine, while the 

opposite signs observed for α-anomers.67-71 The CD spectrum of compound 15 showed a 

strong positive Cotton effect at 270 nm (Figure 5), therefore the β anomer was confirmed. 

The attempt to determine the absolute configuration of ribofuranose moiety by GC-MS 

was hindered by the small quantity of compound 15 (0.2 mg). In the literature, N3-

benzyluridine, N3-methyluridine and uridine, which contained a D-ribofuranose moiety in 

each molecule, had [α]D value of +12.9,72 +20.173 and +4.0,74 respectively. In comparison, 
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compound 15 showed an [α]D value of +17.9, indicating a D-ribofuranose moiety in the 

molecule. Therefore, the absolute configuration of N3-2-hydroxybenzyluridine (15) was 

confirmed. 

 

Figure 5. CD spectra of N3-2-hydroxybenzyluridine (15) in MeOH 

It is well established that uridine is one of the active components of a sleep-

promoting and anti-epileptic substance to improve memory function and affect neuronal 

plasticity.75,76 The class of N3-benzyl-substituted uridines exhibited potent hypnotic activity 

as well as pentobarbital induced sleep effect on mice when administered by 

intracerebroventicular injection.77,78 Uridine is the major form of pyrimidine nucleosides 

taken up by the brain. Pyrimidine nucleosides have been suggested for the treatment of 

epileptic and neurodegenerative diseases as neuroprotective agents.76 

Glorioside A (19) was isolated as an optically active yellowish gum with an [α]D 

value at -26.1. The HRESIMS data gave an adduct [M+Na]+ ion at m/z 483.1109. This, in 

conjunction with NMR data (Table 4), enabled the establishment of a molecular formula 

of C19H24O13, with eight degrees of unsaturation. The 1H spectrum contained three aromatic 

methines (δH7.49, 7.17 and 6.84), two anomeric methines (δH 5.22 and 5.03,), eight sp3 

hybridized methines (δH 3.97, 3.82, 3.49, 3.46, 3.46, 3.46, 3.42 and 3.23), and two 
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methylene moieties (δH 3.88/3.72 and 3.88/3.65). The 13C spectrum showed a carbonyl 

group (δC 166.7) and an aromatic ring (δC 158.1, 153.4, 135.3, 117.4, 115.9 and 113.8), 

with the remaining twelve signals representing two terminal O-glucose moieties (δC 102.6, 

102.2, 79.8, 78.5, 78.1, 77.7, 74.8, 74.7, 72.0, 71.1, 62.6 and 62.6). Analysis of the COSY 

and HSQC spectra established the presence of three spin systems: two sugar moieties and 

a 1,2,3-trisubstituted benzene unit (Figure 6 in bold). The coupling constants of the two 

anomeric protons (JH-1ʹ, H-2ʹ = 8.5 Hz and JH-1ʹʹ, H-2ʹʹ = 7.5 Hz) and the chemical shifts of the 

anomeric carbons (δC-1ʹ 102.6 and δC-1ʹʹ 102.2) indicated β-O-glycosidic linkages of the 

glucopyranoside moieties in 19. 

 

Figure 6. Selected COSY and HMBC correlations for 19 

HMBC correlations from the anomeric proton doublets H-1ʹ (δ 5.22) to C-2 (δC 

153.4), and H-1ʹʹ (δH 5.03) to C-6 (δC 158.1), established the connectivity between the sugar 

moieties and the benzene moiety, respectively. The connectivity was further confirmed by 

additional HMBC correlations from the aromatic doublet of doublets H-4 (δH 7.49) to the 

deshielded nonprotonated carbons C-2 and C-6. Strong HMBC correlations from the two 

aromatic doublets H-3 and H-5 (δH 6.84 and 7.17) to the relatively shielded nonprotonated 

carbon C-1 (δC 115.9) and weak HMBC correlation from the aromatic proton H-4 (δH 7.49) 

to C-1 indicated that a carbonyl group was located at the C-1 position. An HMBC 

correlation from H-2ʹ (δH 3.97) to the carbonyl carbon C-7 (δC 166.7) established the 

connectivity between the glucopyranose and the carbonyl group, therefore a seven 
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membered lactone ring. The presence of lactone ring was further confirmed by the 

observation of deshielded protons H-2ʹ, H-3ʹ (δH 3.97 and 3.82) and the carbon C-2ʹ (δC 

77.7), and shielded C-3ʹ (δC 74.8) in the glucopyranoside moiety. With all the atoms 

accounted for and the degrees of unsaturation satisfied, the structure of 19 was established.  

Table 4. NMR Spectroscopic Data (600 MHz for 1H and 150 MHz for 13C, CD3OD) for glorioside A 

(19) 

position δC, type (1JCH, Hz) δH, mult. (J in Hz) COSY HMBCa 

1 115.9, C    

2 153.4, C    

3 117.4, CH (168.5) 6.84, d (8.1) H-4 1, 2, 5, 7 

4 135.3, CH (167.3) 7.49, dd (8.1, 8.5) H-3, H-5 1, 2, 6 

5 113.8, CH (170.0) 7.17, d (8.5) H-4 1, 2, 3, 6, 7 

6 158.1, C    

7 166.7, C    

2-OGlc     

1' 102.6,CH (162.2) 5.22, d (8.5) H-2' 2, 3', 5' 

2' 77.7, CH (140.3) 3.97, dd (8.5, 9.5) H-1', H-3' 7, 1', 3' 

3' 74.8, CH (143.6) 3.82, dd (9.5, 8.6) H-2', H-4' 2', 4' 

4' 72.0, CH (141.9) 3.23, dd (8.6, 9.0) H-3', H-5' 3', 5', 6' 

5' 79.8, CH (141.0) 3.46, m H-4', H-6a', H-6b' 3', 4', 6' 

6' 62.6, CH2 (b) 
3.65, dd (5.8, 12.1) H-5', H-6b' 4', 5' 

3.88, dd (2.2, 12.1) H-5', H-6a' 4' 

6-OGlc     

1'' 102.2, CH (159.9) 5.03, d (7.3) H-2'' 6, 3'', 5'' 

2'' 74.7, CH (143.6) 3.49, m H-1'', H-3'' 1'', 3'' 

3'' 78.1, CH (140.2) 3.46, m H-2'', H-4'' 1'', 2'' 

4'' 71.1, CH (142.2) 3.42, m H-3'', H-5'' 3'', 5'', 6'' 

5'' 78.5, CH (139.3) 3.46, m H-4'', H-6a'', H-6b'' 4'', 6'' 

6'' 62.6, CH2 (b) 
3.72, dd (5.5, 12.2) H-5'', H-6b'' 4'', 5'' 

3.88, dd (2.3, 12.2) H-5'', H-6a'' 4'' 
a HMBC correlations are from proton(s) stated to the indicated carbon. 

b Signals not clear 

The monosaccharide units of the hydrolysis product of 19 were established as D-

glucose with the measurement of [𝛼]D
25 +44.5 (c 0.10 MeOH) in comparison with the [α]D 

data of commercially available standard D and L glucoses, which showed [𝛼]D
25 +50.2 (c 

0.10 MeOH) and [𝛼]D
25  -48.6 (c 0.10 MeOH), respectively. GC-MS analysis of the 

peracetylated thiazolidine derivative of the hydrolysed 19 confirmed D-glucose moieties 
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with the retention time of 18.11 min, while standard D and L-glucose derivatives gave 

retention times at 18.19 min and 20.52 min, respectively. Consequently, the structure of 

the new phenolic glycoside was assigned as glorioside A (19). 

The final molecule, glorioside B (22), was isolated as an optically active yellowish 

gum with an [α]D value at -29.1. The HRESIMS measurement gave an adduct [M+Na]+ 

ion at m/z 457.1318, in conjunction with NMR data (Table 5), corresponding to a molecular 

formula of C18H26O12 with six degrees of unsaturation. The 1H NMR spectrum contained 

four aromatic methines (δH7.23, 6.85, 6.79 and 6.76), two anomeric methines (δH 4.66 and 

4.25), eight sp3 hybridized methines (δH 3.57, 3.30, 3.27, 3.17, 3.12, 3.03, 3.03 and 2.98), 

two methylene moieties (δH 4.02/3.60 and 3.66/3.40) and seven exchangeable hydroxyl 

signals (δH 5.50, 5.16, 5.15, 4.94, 4.93, 4.89 and 4.48). The 13C NMR data, derived from 

the HSQC and HMBC spectra, suggested the presence of an aromatic ring (δC 146.5, 145.2, 

122.5, 119.4, 116.6 and 115.4), with the remaining twelve signals representing two sugar 

moieties (δC 103.1, 102.1, 76.4, 76.2, 75.8, 75.3, 73.4, 73.0, 69.8, 69.7, 68.2 and 61.0). 

Analysis of the COSY and HSQC spectra established the presence of three spin systems: a 

1,2-disubstituted benzene moiety and two sugar moieties (Figure 7 in bold). The coupling 

constants of the two anomeric protons (JH-1ʹ, H-2ʹ = 7.5 Hz and JH-1ʹʹ, H-2ʹʹ = 7.8 Hz) and the 

chemical shifts of the anomeric carbons (δC-1ʹ 102.1 and δC-1ʹʹ 103.1) indicated β-O-

glycosidic linkages of the glucopyranoside moieties in 22. 

 
Figure 7. Selected COSY and HMBC correlations for glorioside B (22) 
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HMBC correlations from the anomeric proton doublet H-1ʹ (δ 4.66) to C-1 (δC 

145.2), and from H-1ʹʹ (δH 4.25) to C-6ʹ (δC 68.2), established the connectivity among 

pyrocatechol and two sugar moieties, respectively. The connectivity between the two sugar 

moieties was further confirmed by additional HMBC correlations from the deshielded 

methylene protons H-6' (δH 4.02/3.60) to the anomeric carbon C-1ʹʹ (δC 103.1). With all the 

atoms accounted for and the degrees of unsaturation satisfied, the structure of 22 was 

established.  

Table 5. NMR Spectroscopic Data (800 MHz for 1H and 200 MHz for 13C, DMSO-d6) for glorioside B 

(22) 

position δC, type δH, mult. (J in Hz) COSY HMBCa 

1 145.2, C    

2 146.5, C    

3 115.4, CH 6.79, dd (7.9, 1.6) H-4, H-5 1, 5 

4 122.5, CH 6.85, ddd (7.9, 7.8, 1.5) H-3, H-5, H-6 2, 6 

5 119.4, CH 6.76, d (8.2, 7.8, 1.6) H-3, H-4, H-6 1, 3 

6 116.6, CH 7.13, dd (8.2, 1.5) H-4, H-5 2,  

1' 102.1,CH 4.66, d (7.5) H-2' 1, 2', 5' 

2' 73.0, CH 3.30, m H-1', H-3', 2'-OH 1', 3' 

3' 75.3, CH 3.27, m H-2', H-4', 3'-OH 2', 4' 

4' 69.7, CH 3.17, m H-3', H-5', 4'-OH 3', 5', 6' 

5' 75.8, CH 3.57, m H-4', H-6a', H-6b' 1', 4', 6' 

6' 68.2, CH2 
4.02, dd (5.8, 12.1) H-5', H-6b' 4', 5', 1'' 

3.60, dd (2.2, 12.1) H-5', H-6a' 4', 5', 1'' 

1'' 103.1, CH 4.25, d (7.3) H-2'' 6', 2'', 5'' 

2'' 73.4, CH 2.98, m H-1'', H-3'', 2''-OH 1'', 3'' 

3'' 76.2, CH 3.12, m H-2'', H-4'', 3''-OH 2'', 4'' 

4'' 69.8, CH 3.03, m H-3'', H-5'', 4''-OH 3'', 5'', 6'' 

5'' 76.4, CH 3.03, m H-4'', H-6a'', H-6b'' 1'', 4'', 6'' 

6'' 61.0, CH2 
3.66, m H-5'', H-6b'', 6''-OH 4'', 5'' 

3.40, m H-5'', H-6a'', 6''-OH 4'', 5'' 

2-OH  8.48, s  1, 3 

2'-OH  5.50, d (3.8) H-2' 2', 3' 

3'-OH  5.15, d (5.5) H-3' 2', 4' 

4'-OH  5.16, d (5.5) H-4' 4', 5' 

2''-OH  4.93, d (4.7) H-2'' 1'', 2'', 3'' 

3''-OH  4.94, d (4.8) H-3'' 2'', 3'', 4'' 

4''- OH  4.89, d (4.5) H-4'' 3'', 4'', 5'' 

6''-OH  4.48, t (5.9) H-6a'', H-6b'' 5'', 6'' 
a HMBC correlations are from proton(s) stated to the indicated carbon. 
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The monosaccharide units of the hydrolysis product of 22 were established as D-

glucose with the measurement of [𝛼]D
25 +40 (c 0.10 MeOH) in comparison with the [α]D 

data of commercially available standard D and L glucoses, which showed [𝛼]D
25 +50.2 (c 

0.10 MeOH) and [𝛼]D
25  -48.6 (c 0.10 MeOH), respectively. GC-MS analysis of the 

peracetylated thiazolidine derivative of the hydrolysed 22 confirmed D-glucose moieties 

with the retention time of 17.96 min, while standard D and L glucose derivatives gave 

retention times at 18.19 min and 20.52 min, respectively. Thus, the structure of glorioside 

B (22) was assigned as shown in Figure 7. 

Consistent with the extraction and fractionation protocol developed in-house to 

prepare a Nature Bank fraction library targeting drug-like molecules, the isolated 

compounds were distributed within this lead-like space.79,80 The physicochemical 

properties of isolated compounds were calculated using Instant JChem (version 

15.10.26.0).81 The data suggested that 55% of the isolated metabolites obeyed Linpinski’s 

Rule of five in terms of log P < 5 (100%), MW < 500 Da (76.9%), HBA < 10 (53.8%) and 

HBD < 5 (64.1%). The full data set is provided in the Supporting Information. 

The cytological profiles of the 39 secondary metabolites from the Australian plant 

G. superba L. were examined to identify congeneric chemical series by coupling an 

unbiased multidimensional phenotype assay using nontransformed and nonimmortalized 

hONS cells, which are primary cells derived from a Parkinson’s disease patient. hONS 

cells were treated with 10 μM of each compound for 24 h. Cytological parameters were 

assessed by staining with fluorescent probes targeting various cellular pathways and 

organelles implicated in Parkinson’s disease. These included mitochondria, early 
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endosomes, lysosomes, microtubule-based cytoskeleton, and autophagosomes. The bar 

chart depicting the effects of all metabolites to the hONS cells is as shown in Figure 8. 

 

Figure 8. Bar chart depicting the cytological profile of metablites from Gloriosa superba L. at 10 μM 

on 38 parameters based on the log2 ratio of compound and vehicle (DMSO). Red shows a decrease 

versus vehicle and blue shows an increase versus vehicle. Individual compounds are presented on the 

y-axis with individual features on the x-axis. 1. Nucleus area (µm²) 2. Nucleus morphology width (µm) 

3. Nucleus morphology length (µm) 4. Nucleus morphology ratio width to length 5. Nucleus 

morphology roundness 6. Nucleus marker texture index 7. Nucleus marker intensity 8. Cell area (µm²) 

9. Cell width (µm) 10. Cell length (µm) 11. Cell ratio width to length 12. Cell roundness 13. α-Tubulin 

marker intensity in the cytoplasm 14. α-Tubulin marker intensity in outer region of cytoplasm 15. α-

Tubulin marker intensity in inner region of cytoplasm 16. α-Tubulin marker texture index 17. 

Mitochondria marker intensity in the cytoplasm 18. Mitochondria marker intensity in outer region of 

cytoplasm 19. Mitochondria marker intensity in inner region of the cytoplasm 20. Mitochondria marker 

texture index 21. LC3b marker intensity in the cytoplasm 22. LC3b marker intensity in the outer region 

of the cytoplasm 23. LC3b marker intensity in inner region of cytoplasm 24. LC3b marker texture index 

25. Lysosome marker intensity mean 26. Lysosome marker intensity outer region mean 27 Lysosome 

marker intensity inner region mean 28. Lysosome marker texture index. 29. Number of EEA1 marker 

spots in cytoplasm 30. Number of EEA1 marker spots in inner region of cytoplasm 31. Number of EEA1 

marker spots in outer region of cytoplasm 32. Number of EEA1 marker spots per Area of cytoplasm 33. 

EEA1 marker intensity in outer region of cytoplasm 34 EEA1 marker intensity in inner region of 

cytoplasm 35. EEA1 marker intensity in the cytoplasm 36. Number of EEA1 marker spots per area of 

outer region 37 Number of EEA1 marker spots per Area of inner region of cytoplasm 38. EEA1 marker 

texture index.  
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The compounds were subsequently clustered using 38 phenotypic features across 

the individual cell line based on their pairwise Pearson's correlation coefficient using 

Cluster 3.0 and visualized using Java TreeView. The heat map depicting the cytological 

profile of metabolites from G. superba L. at 10 μM on 38 parameters is provided in the 

Supporting Information.  

All the metabolites from G. superba L. exhibit minimal alterations to nuclear and 

cellular functions (parameters 1-12) at 10 μM suggesting that these natural products are 

not cytotoxic to the hONS cell model of Parkinson’s disease. Mitochondrial dysfunction 

has long been implicated as a major contributing factor to the progression of Parkinson’s 

disease. Colchicine and its analogues specifically bind to tubulin and inhibit its assembly 

into microtubule. In our assay, colchicine (9) and its congeners 10-14 displayed moderate 

phenotypic perturbation of Parkinson’s disease patient-derived hONS cells on the 

mitochondria and LC3b (autophagosome) related parameters while only having slight 

effects the α-tubulin related parameters (Figure 9). The lumicolchicine analogues 5-8 

showed moderate effects on α-tubulin related parameters and much weaker perturbation on 

the mitochondria and LC3b related cytological parameters compared to the colchicine 

compounds (Figure 9). None of the four new β- and γ-lumicolchicine glycosides 1-4, 

showed similar phenotypic profile to colchicine and lumicolchicine analogues, indicating 

the extra sugar moiety in the molecules abolished the phenotypic effects (Figure 10). As 

shown in Figure 9c, it was straightforward to observe the significant different effects of the 

three groups of compounds to the patient derived PD cells. 
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Figure 9. Representative profiles and images of compounds 2, 5 and 9 affecting the α-Tubulin marker, 

Mitochondria marker and LC3b marker. a) Heat map depicting the cytological profile of compounds 2, 

5 and 9 at 10 μM on 38 parameters based on the log2 ratio of compound and DMSO. The effects of 

compounds were plotted as log2 ratio to the DMSO control. Yellow shows a decrease versus control and 

blue shows an increase versus control. Individual 38 features are presented on the x-axis as the same as 

shown in Figure 9. b) Expansion heat map depicting of the cytological profile on α-tubulin, 

mitochondria and LC3b markers. c) Biological signature and representative image of compounds 2, 5 

and 9 at 10 μM. Cells were seeded at 1350 cells/well in growth medium and treated for 24 h. Cells were 

stained for α-tubulin marker (red), mitochondria marker (orange) and LC3b marker (blue) and imaged 

with a 20x high numerical aperture objective on the Operetta™ (PerkinElmer). Scale bars = 50 μm. 

Compound 36, the flavone glycoside, showed moderate biological activity against 

Parkinson’s disease patient-derived human olfactory neurosphere-derived cells on the α-

tubulin, mitochondria, LC3b and lysosome related parameters. Compound 38, with a 

different methoxy substitution in the ring C moiety of the flavone and only one sugar 

moiety, showed lower deviation on these same cytological parameters. The rest of the 

flavones and the related glycosides (31-35, 37 and 39) had little effect on these parameters, 
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indicative of some structure activity relationship. The new nucleoside derivative 15 and the 

two new phenolic glycosides (19 and 22) induced slight phenotype profiles on the hONS 

cell model of Parkinson’s disease. 

In our previous research, the different phenotypic responses of iotrochotazine A, 

isolated from an Australian marine sponge Iotrochota sp. and jaspamycin, isolated from 

Jaspis splendens collected in the Great Barrier Reef (Australia), offer useful probes to 

investigate the molecular mechanisms underlying Parkinson’s disease. In this research, 

colchicines and lumicolchicines exhibited moderate perturbation on mitochondria/LC3b 

and α-tubulin related parameters while the four new lumicolchicine glycosides (1-4) had 

diminished effects in these parameters. Colchicine is a known α-tubulin binder. The 

phenotypic response inducts potential alternate targets in the PD patient derived hONS cell 

model. Colchicine and its congeners have effects on mitochondria and autophagy in cells 

from Parkinson’s disease patients, indicating that there may be an alternative mechanism 

in neurodegeneration and, further investigation is warranted. 

EXPERIMENTAL SECTION 

General Experimental Procedures. Optical rotations were recorded on a JASCO 

P-1020 polarimeter (10 cm cell). IR, UV and circular dichroism spectra were required on 

a Bruker Tensor 27 spectrophotometer, a CAMSPEC M501 UV/vis spectrophotometer and 

a JASCO J-720 spectropolarimeter, respectively. A free and open source software SDAR 

was used for the analysis and processing of UV and CD data.82 NMR spectra were recorded 

in DMSO-d6 (δH 2.50 and δC 39.5) or MeOH-d4 (δH 3.31 and δC 49.0) at 30 ºC on a Varian 

INOVA 600 MHz spectrometer equipped with a triple-resonance cold probe or at 25 ºC on 
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a Bruker Avance HDX 800 MHz spectrometer equipped with a TCI cryoprobe. The low-

resolution mass spectrum (LRESIMS) was recorded on a Mariner time-of-flight (TOF) 

mass spectrometer equipped with a Gilson 215 eight probe injector and a Waters LCMS 

system equipped with a Luna C18 column (3 μm, 100 Å, 50 × 4.6 mm), a PDA detector, 

and a ZQ ESI mass spectrometer. The high-resolution mass spectra (HRESIMS) were 

recorded on a Bruker Daltonics SolariX 12 T Fourier transform mass spectrometer. An 

Edwards Instrument Company Bioline orbital shaker was used for extraction. The HPLC 

system included a Waters 600 pump fitted with a 996 photodiode array detector and Gilson 

FC204 fraction collector. A ThermoElectron Betasil C18 column (5 μm, 21.2 × 150 mm) 

and a Phenomenex Luna C18 column (5 μm, 10 × 250 mm) were used for semipreparative 

HPLC. All solvents used for extraction, chromatography, [α]D, UV, IR, and MS were Lab-

Scan HPLC grade, and the H2O was Millipore Milli-Q PF filtered.  

Plant Material. The leaves of Gloriosa superba L. were collected from Cult 

Hibiscus Street, Urangan, Hervey Bay, Queensland, Australia. Collection and taxonomic 

identification were undertaken by P. I. Forster from the Queensland Herbarium. A voucher 

specimen (AQ604947) has been deposited at the Queensland Herbarium, Brisbane, 

Australia. 

Extraction and Isolation of Compounds 1-39. The air-dried and ground leaves of 

G. superba (20 g) were sequentially extracted with n-hexane (250 mL) for 2 h at room 

temperature (rt). The hexane extract was filtered under gravity and discarded. Then 250 

mL of CH2Cl2 was added to the biota and extracted for 2 h. The CH2Cl2 extract was filtered, 

and the biota was further extracted with two lots of 250 mL of MeOH for 2 h and overnight, 

successively. All CH2Cl2 and MeOH extracts were combined and dried to afford the crude 
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extract. The crude extract was fractionated using C18 bonded silica flash column. Four 

fractions were collected by eluting with stepwise gradients with 0.1% TFA (10% MeOH/90% 

H2O, 50% MeOH /50% H2O, 90% MeOH/10% H2O and MeOH, respectively). A portion 

of 50% MeOH /50% H2O fraction was pre-adsorbed onto cotton and packed dry into a 

stainless steel cartridge (10 × 30 mm). This cartridge was subsequently chromatographed 

by HPLC (gradient MeOH/H2O with 0.1% TFA) using a semipreparative reversed-phase 

Betasil C18 column (21.2 mm × 150 mm). Initial isocratic conditions of 20% MeOH were 

used for 10 min then a linear gradient from 20 to 70% MeOH was performed over 40 min 

and continued isocratic for 10 min at a flow rate of 9 mL/min. Sixty fractions were collected 

by 1 min increments over 60 min to afford four new lumicolchicine glycosides β-

lumicolchicosides A (1, 0.8 mg, 0.004% dry wt), B (2, 0.4 mg, 0.002% dry wt) and C (3, 

0.4 mg, 0.002% dry wt) and γ-lumicolchicoside A (4, 0.6 mg, 0.003% dry wt), along with 

β-lumicolchicine analogues (5-8), colchicine analogues (9-14) and flavone glycosides (33-

39). The 10% MeOH/90% H2O fraction was chromatographed by HPLC (gradient 

MeOH/H2O with 0.1% TFA) using the same semipreparative C18 column eluting with 10% 

MeOH/90% H2O to 60% MeOH/40% H2O. Three new metabolites, namely N3-2-

hydroxybenzyluridine (15, 0.3 mg, 0.002% dry wt), gloriosides A (19, 23.2 mg, 0.116% 

dry wt) and B (22, 1.0 mg, 0.005% dry wt), together with nucleosides (16-18) and phenolic 

glycosides (20, 21 and 23-28) were isolated. In addition, four known natural products (29-

32) were also isolated from MeOH fraction by the same semipreparative HPLC column 

eluting with gradient MeOH/H2O with 0.1% TFA from 60% MeOH/40% H2O to MeOH. 

β-Lumicolchicoside B (1): yellowish powder; [𝛼]D
25  +41.4 (c 0.076, CH3OH); 

UV/Vis 𝜆max
MeOH nm (log ε): 224 (4.24), 268 (4.13), 348 (3.08) nm; IR (null): 3363, 2933, 
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1665, 1599, 1497, 1455, 1361, 1323, 1125, 1079 cm-1; 1D and 2D NMR data (DMSO-d6), 

Tables 1 and 2; (+)-LRESIMS m/z 570 (100) [M+Na]+, 548 (100) [M+H]+; (+)-HRESIMS 

m/z 570.1948 (C27H33NO11Na [M+Na]+ requires 570.1946). 

β-Lumicolchicoside B (2): yellowish powder; [𝛼]D
25  +38.2 (c 0.018, CH3OH); 

UV/Vis 𝜆max
MeOH nm (log ε): 228 (4.17), 268 (3.93), 335 (3.23) nm; IR (null): 3383, 2934, 

1699, 1611, 1497, 1462, 1362, 1323, 1208, 1135, 1086 cm-1; 1D and 2D NMR data 

(DMSO-d6), Tables 1 and 2; (+)-LRESIMS m/z 556 (100) [M+Na]+, 534 (100) [M+H]+; 

(-)-HRESIMS m/z 532.1814 (C26H30NO11 [M-H]- requires 532.1824. ). 

β-Lumicolchicoside C (3): yellowish powder; [𝛼]D
25  +32.7 (c 0.019, CH3OH); 

UV/Vis 𝜆max
MeOH nm (log ε): 228 (4.18), 267 (3.91), 342 (3.14) nm; IR (null): 3381, 2931, 

1611, 1515, 1323, 1210, 1081 cm-1; 1D and 2D NMR data (DMSO-d6), Tables 1 and 2; 

(+)-LRESIMS m/z 556 (100) [M+Na]+, 534 (100) [M+H]+; (+)-HRESIMS m/z 556.1787 

(C26H31NO11Na [M+Na]+ requires 556.1789). 

γ-Lumicolchicoside A (4): yellowish powder; [𝛼]D
25  -26.9 (c 0.033, CH3OH); 

UV/Vis 𝜆max
MeOH nm (log ε): 226 (4.13), 271 (3.87), 336 (3.14) nm; IR (null): 3345, 2938, 

1701, 1654, 1611, 1497, 1320, 1083 cm-1; 1D and 2D NMR data (DMSO-d6), Tables 1 and 

2; (+)-LRESIMS m/z 570 (100) [M+Na]+, 548 (100) [M+H]+; (+)-HRESIMS m/z 570.1944 

(C27H33NO11Na [M+Na]+ requires 570.1946). 

N3-2-hydroxybenzyluridine (15): colorless powder; [𝛼]D
25  +17.9 (c 0.017, 

CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 270 (3.79), 334 (2.91) nm; IR (null): 3383, 2929, 

1659, 1602, 1461, 1060, 1034 cm-1; 1D and 2D NMR data (DMSO-d6), Tables 3; (+)-
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LRESIMS m/z 373 (100) [M+Na]+, 351 (100) [M+H]+; (+)-HRESIMS m/z 372.1008 

(C16H18N2O7Na [M+Na]+ requires 373.1006). 

Glorioside A (19): yellowish gum; [𝛼]D
25

 -26.1 (c 0.096, CH3OH); UV/Vis 𝜆max
MeOH 

nm (log ε): 234 (4.20), 289 (4.02); IR (null): 3346, 1737, 1605, 1258, 1074, 1016 cm-1; 1D 

and 2D NMR data (CD3OD), Tables 4; (+)-LRESIMS m/z 483 [M+Na]+, 461 [M+H]+; (+)-

HRESIMS m/z 483.1113 (C19H24O13Na [M+Na]+ requires 483.1109 ).  

Glorioside B (22): yellowish gum; [𝛼]D
25 -29.1 (c 0.082, CH3OH); UV/Vis 𝜆max

MeOH 

nm (log ε) 213 (3.68), 278 (3.06) nm; IR (null): 3373, 1603, 1279, 1076 cm-1; 1D and 2D 

NMR data (DMSO-d6), Tables 5; (+)-LRESIMS m/z 457 (100) [M+Na]+, 435 (100) 

[M+H]+; (+)-HRESIMS m/z 457.1318 (C18H26O12Na [M+Na]+ requires 457.1316 ). 

Sugar analysis. Acid hydrolysis of 1-4, 15, 19 and 22 ( ranging 0.2-3 mg) was 

carried out by standard procedures (0.5 mL 2M HCl, 100 oC, 1.5 h).83 After cooling, the 

monosaccharides were isolated using C18 bonded silica flash columns. The sugars obtained 

through acid hydrolysis of 1-4, 15, 19 and 22 were separately dissolved in pyridine (1 mL), 

added to L-cysteine methyl ester hydrochloride (0.1 M) in pyridine (1 mL), and the mixture 

was heated (60 oC, 1 h). An equal volume of acetic anhydride (ca.3 mL) was added and the 

heating continued (1 h). The absolute configurations of monosaccharides released by acid 

hydrolysis of compounds 1-4, 19 and 22 were determined by comparing its optical rotation 

with standard D- and L-sugar samples,83,84 and by GC-MS analysis of trimethylsilylated 

thiazolidine derivatives. The acetylated thiazolidine sugar derivatives were prepared using 

the standard method,62,63 and subjected to GC-MS analysis. Conditions for GC were: 

capillary column, DB5-MS (30 m × 0.25 mm × 0.25 m), oven temperature programme, 
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180-300 oC at 6 oC /min; injection temp, 350 oC; carrier gas, He at 1 mL/min. The 

acetylated thiazolidine derivatives of authentic sugars (Sigma-Aldrich) gave following 

retention time: D-glucose, 18.19 min; L-glucose, 20.52 min. The acid hydrolysates of 1-4, 

19 and 22 each gave a retention time at 18.18 min, 18.37 min, 18.08 min, 17.93 min, 18.11 

min and 17.96 min, respectively, consistent with D-glucose. Compound 15 did not show 

the hydrolysis product. 

Biological Assay. Compounds were transferred into two optically clear bottom 

CellCarrier 384-well plates (PerkinElmer). hONS cells from the Parkinson’s disease cell 

line C1 200 08 0013 were added to each well at a density of 1,350 cells per well in 50 μL 

of growth medium (DMEM/F12, 10% FBS) leading to a final concentration of 10 μM (0.6% 

DMSO) for each compound. 0.6% DMSO was used as negative control. The cells were 

incubated for 24 h at 37 oC under 5% CO2. 

Cell Staining. After 24 h of incubation, the medium was aspirated and one 384-

well plate was treated with MitoTracker Orange CMTMRos (Invitrogen) (400 nM) for 30 

min at 37 oC under 5% CO2. The second 384-well plate was treated with LysoTracker Red 

DND-99 (Invitrogen) (100 nM) for 1 h at 37 oC under 5% CO2. Cells were fixed in 4% 

paraformaldehyde for 5 min at room temperature (rt). Cells were washed twice with 

phosphate-buffered saline (PBS, Sigma-Aldrich) and treated with 3% goat serum (Sigma-

Aldrich) and 0.2% Triton X-100 (Sigma-Aldrich) in PBS for 45 min at rt. Plates were 

incubated with primary antibodies. Mouse anti-α-tubulin 1/4000 (Sigma-Aldrich) and 

rabbit anti-LC3b 1/335 (Sigma-Aldrich) were added to the plate already treated with 

MitoTracker and mouse anti-EEA1 1/200 (Sigma-Aldrich) was added to the plate 

previously treated with LysoTracker. Plates were incubated at rt for 1 h then washed twice 
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with PBS. Secondary antibodies goat anti-mouse Alexa-647 1/500 (Invitrogen) and goat 

anti-rabbit Alexa-488 1/500 (Invitrogen) were added to the first plate and goat anti-mouse 

Alexa-488 1/500 (Invitrogen) was added to the second plate for 30 min at rt. Cells were 

washed twice with PBS and stained with 4',6'-diamidino-2-phenylindole 1/5000 (Dapi, 

Invitrogen) and with CellMask Deep Red 1/5000 (Invitrogen) for the plate treated with 

LysoTracker and incubated for 10 min at rt. Cells were washed twice with PBS and plates 

were stored in the dark at 4 oC with 25 μL of PBS/well. 

Imaging and Image Analysis Plates were imaged automatically using Operetta 

(PerkinElmer), a high content imaging system using a 20X high numerical aperture 

objective lens. Five images per well for each wavelength were collected. Individual cell 

segmentation was done using the Harmony software and measurements for each cell were 

performed generating 38 parameters from six dyes: Dapi, α-tubulin staining, MitoTracker 

Orange CMTMRos, LC3b staining, LysoTracker Red DND-99 and EEA1 staining. The 

log2 compound/DMSO ratio was clustered using Cluster 3.0 software (uncentered 

correlation and centroid linkage) and visualized using Java TreeView. 
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Figure S1. 1H NMR spectrum of compound 1 in DMSO-d6 
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Figure S1. 13C NMR spectrum of compound 1 in DMSO-d6 
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Figure S3. COSY spectrum of compound 1 in DMSO-d6 
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Figure S4. HSQC spectrum of compound 1 in DMSO-d6 
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Figure S5. HMBC spectrum of compound 1 in DMSO-d6 
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Figure S6. ROESYspectrum of compound 1 in DMSO-d6 

 



142 

 

 

Figure S7. 1H NMR spectrum of compound 2 in DMSO-d6 
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Figure S8. COSY spectrum of compound 2 in DMSO-d6 
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Figure S9. HSQC spectrum of compound 2 in DMSO-d6 
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Figure S10. HMBC spectrum of compound 2 in DMSO-d6 

 



146 

 

 

Figure S11. ROESYspectrum of compound 2 in DMSO-d6 
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Figure S12. 1H NMR spectrum of compound 3 in DMSO-d6 
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Figure S13. COSY spectrum of compound 3 in DMSO-d6 
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Figure S14. HSQC spectrum of compound 3 in DMSO-d6 
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Figure S15. HMBC spectrum of compound 3 in DMSO-d6 
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Figure S16. ROESYspectrum of compound 3 in DMSO-d6 
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Figure S17. 1H NMR spectrum of compound 4 in DMSO-d6 
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Figure S18. COSY spectrum of compound 4 in DMSO-d6 
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Figure S19. HSQC spectrum of compound 4 in DMSO-d6 
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Figure S20. HMBC spectrum of compound 4 in DMSO-d6 
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Figure S21. ROESYspectrum of compound 4 in DMSO-d6 
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Figure S22. 1H NMR spectrum of compound 15 in MeOH-d4 
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Figure S23. 1H NMR spectrum of compound 15 in DMSO-d6 
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Figure S24. 1H NMR spectrum of compound 15 in DMSO-d6:MeOH-d4 (1:1) 
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Figure S25. COSY spectrum of compound 15 in MeOH-d4 
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Figure S26. HSQC spectrum of compound 15 in MeOH-d4 
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Figure S27. HMBC spectrum of compound 15 in MeOH-d4 
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Figure S28. 1H NMR spectrum of compound 19 in MeOH-d4 ( :The sample was contaminated with plasticizer) 
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Figure S29. 13C NMR spectrum of compound 19 in MeOH-d4 
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Figure S30. COSY spectrum of compound 19 in MeOH-d4 
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Figure S31. HSQC spectrum of compound 19 in MeOH-d4 
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Figure S32. HMBC spectrum of compound 19 in MeOH-d4 
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Figure S33. 1H NMR spectrum of compound 22 in DMSO-d6 
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Figure S34. COSY spectrum of compound 22 in DMSO-d6 
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Figure S35. HSQC spectrum of compound 22 in DMSO-d6 
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Figure S36. HMBC spectrum of compound 22 in DMSO-d6 
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        Sugar from hydrolysis of 3           Sugar from hydrolysis of 4 

  

       Sugar from hydrolysis of 19           Sugar from hydrolysis of 22 

Figure S37. GC-MS analysis of acetylated thiazolidine derivatives 
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Figure S38. HPLC chromatogram of lead-like enhanced extract of the Australian plant 

Gloriosa superba L. and compounds isolated from different lead-like enhanced fractions 
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Table S1. The drug- and lead-like physicochemical properties 

 

The drug- and lead-like physicochemical properties of these 39 natural products were 

calculated using Instant JChem (version 15.10.26.0). The parameters including molecular 

weight (MW), log P, number of hydrogen bond acceptors (HBA), and number of hydrogen 

bond donors (HBD) were analyzed against Lipinski’s rule-of-five (Table S1 and Figure 

S39). 

 

Table S1. Physicochemical Profiling of Isolated Natural Products 1-39 from Gloriosa superba L. 

Compound 
Physicochemical parametersa 

MW log P HBA HBD No. of Violations 

1 547.56 -1.51 11 5 2 

2 533.53 -1.56 11 5 2 

3 533.53 -1.66 11 6 3 

4 547.56 -1.51 11 5 2 

5 385.42 0.76 6 2 0 

6 371.39 0.71 6 2 0 

7 385.42 0.85 6 1 0 

8 399.44 0.90 6 1 0 

9 399.44 1.46 6 1 0 

10 385.42 1.32 6 2 0 

11 385.42 1.32 6 2 0 

12 385.42 1.41 6 1 0 

13 371.39 1.27 6 2 0 

14 383.40 1.40 6 1 0 

15 460.39 -2.85 12 7 2 

16 242.23 -1.12 5 3 0 

17 267.25 -2.09 8 4 0 

18 283.24 -2.71 8 5 0 

19 350.33 -0.77 7 4 0 

20 330.29 -0.25 8 5 0 

21 554.55 -2.24 13 10 3 

22 434.39 -2.67 12 8 2 

23 434.39 -2.67 12 8 2 

24 272.25 -0.90 7 5 0 

25 286.28 -1.37 7 5 0 

26 286.28 -0.87 7 5 0 

27 448.42 -3.14 12 8 2 

28 432.42 -2.34 11 7 2 
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29 178.14 1.18 3 2 0 

30 492.39 -0.96 11 5 1 

31 286.24 2.40 6 4 0 

32 270.24 2.71 5 3 0 

33 610.52 -2.13 16 10 3 

34 610.52 -2.13 16 10 3 

35 594.52 -0.59 15 9 3 

36 608.55 -0.44 15 8 3 

37 448.38 0.14 11 7 2 

38 462.41 0.28 11 6 2 

39 448.38 0.14 11 7 2 

a All physicochemical properties, including molecular weight (MW), log P, hydrogen bond acceptors 

(HBA) and hydrogen bond donors (HBD), were calculated using Instant JChem (version 15.10.26.0). 

 

The results (Table S1 and Figure S37) suggested that the majority of isolated natural 

products obeyed Lipinski’s rule-of-five in terms of log P < 5 (100%), MW < 500 Da 

(76.9%), HBA < 10 (53.8%) and HBD < 5 (64.1%). 

 

Figure S39. Physicochemical property histograms (MW, log P, HBD, and HBA) for compounds 

isolated from Gloriosa superba L. In each case the orange line indicates the maximum desirable value 

for oral bioavailability defined by Lipinski’s rule-of-five: MW < 500 Da; log P < 5, HBA < 10 and 

HBD < 5. 
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Figure S40. Heatmap depicting the cytological profile of metabolites from Gloriosa superba L. at 10 

μM on 38 parameters based on the log2 ratio of compound and vehicle (DMSO). The effects of 

compounds were plotted as log2 ratio to the DMSO control. Yellow shows a decrease versus vehicle 

and blue shows an increase versus vehicle. Individual compounds are presented on the y-axis with 

individual features on the x-axis. 1. Nucleus area (µm²) 2. Nucleus morphology Width (µm) 3. Nucleus 

morphology Length (µm) 4. Nucleus morphology Ratio Width to Length 5. Nucleus morphology 

Roundness 6. Nucleus marker texture index 7. Nucleus marker intensity 8. Cell area (µm²) 9. Cell Width 

(µm) 10. Cell Length (µm) 11. Cell Ratio Width to Length 12. Cell Roundness 13. α-Tubulin marker 

intensity in the cytoplasm 14. α-Tubulin marker intensity in outer region of cytoplasm 15. α-Tubulin 

marker intensity in inner region of cytoplasm 16. α-Tubulin marker texture index 17. Mitochondria 

marker intensity in the cytoplasm 18. Mitochondria marker intensity in outer region of cytoplasm 19. 

Mitochondria marker intensity in inner region of the cytoplasm 20. Mitochondria marker texture index 

21. LC3b marker intensity in the cytoplasm 22. LC3b marker intensity in the outer region of the 

cytoplasm 23. LC3b marker intensity in inner region of cytoplasm 24. LC3b marker texture index 25. 

Lysosome Marker Intensity Mean 26. Lysosome Marker Intensity Outer Region Mean 27 Lysosome 

Marker Intensity Inner Region Mean 28. Lysosomes Marker Texture index. 29. Number of EEA1 

Marker Spots in cytoplasm 30. Number of EEA1 Marker Spots in inner region of cytoplasm 31. Number 

of EEA1 Marker Spots in Outer Region of cytoplasm 32. Number of EEA1 Marker Spots per Area of 

cytoplasm 33. EEA1 Marker Intensity in outer region of cytoplasm 34 EEA1 Marker Intensity in inner 

region of cytoplasm 35. EEA1 Marker Intensity in the cytoplasm 36. Number of EEA1 Marker Spots 

per Area of Outer Region 37 Number of EEA1 Marker Spots per Area of inner region of cytoplasm 38. 

EEA1 Marker Texture Index
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ABSTRACT 

As part of a continuing research program aiming to identify chemical probes to 

interrogate Parkinson’s disease (PD), an Australian plant Alangium villosum subsp. 

tomentosum (F. Muell.) Bloemb was chemically and biologically investigated. Chemical 

investigation resulted in the isolation of four new benzoquinolizidine N-oxides, namely, 

tubulosine Nβ
5-oxide (1), isotubulosine Nα

5-oxide (2), 9-demethyltubulosine Nβ
5-oxide (3) 

and 9-demethylisotubulosine Nα
5-oxide (4), four new benzoquinolizidine alkaloids, namely, 

1',2'-dehydro-9-demethyltubulosine (10), 7',9-O-didemethylcephaeline (13), 7',9-O-

didemethylisocephaeline (14) and 7',9-didemethylpsychotrine (15), together with the 

previously reported natural products, seven benzoquinolizidine alkaloids (5-9, 11 and 12), 

eight tetrahydroisoquinoline monoterpene glycosides (16-23), six lignan glycosides (24-

29), one iridoid glycoside (30), one secoiridoid glycoside (31), one monoterpene alkaloid 

(32), two sesquiterpenoids (33 and 34), one sesquiterpenoid naphthol (35) and its glycoside 

(36) and eight triterpenoids (37-44). Compounds 1-15 and 20-23 were purified as their 

trifluoroacetate salt. The chemical structures of the eight new compounds (1-4, 10 and 13-

15) were characterized by extensive analyses of NMR and mass spectroscopic data. The 

absolute configurations of the new compounds were determined by CD measurements. The 

phenotypic profiles of all metabolites were produced by an unbiased assay using a human 

olfactory neurosphere-derived (hONS) cell model of PD. Tubulosine and its congeners 1-

11, displayed phenotypic profiles with major effects on α-tubulin and EEA-1-related 

cytological markers in the PD patient derived hONS cells. 
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INTRODUCTION 

As part of a research program aiming to identify chemical probes to interrogate 

Parkinson’s disease using an unbiased phenotypic assay,1 an Australian plant Alangium 

villosum subsp. tomentosum (F.Muell.) Bloemb. was selected from Nature Bank for 

chemical and biological investigation.2-4 The cytological profiles of the 44 isolated natural 

products were examined using the human olfactory neurosphere-derived (hONS) cells 

from a Parkinson’s disease patient.5 

Plants belonging to the genus Alangium (family: Cornaceae) have around 40 

species,6 all of which are shrubs or small trees except Alangium kwangsiense. Most of the 

species are native to tropical and subtropical regions of east and southeast Asia.7 The 

species Alangium chinense is considered one of the fifty commonly used herbs in 

traditional Chinese medicine. The root bark of Alangium lamarckii was extensively used 

in folk medicine as an anthelmintic, purgative, emetic, and febrifuge agent, as well as in 

the treatment of leprosy and other skin diseases.8 The species Alangium villosum can be 

found in Southeast Asia, Australia and the western Pacific Islands. Alangium villosum 

subsp. tomentosum (F. Muell.) Bloemb. can grow 20 meters high and widely spread in 

Queensland, New South Wales and Malesia.9  

The genus Alangium is the source of over 190 characterized natural products,10 

consisting of benzoquinolizidine and tetrahydroisoquinoline-monoterpene skeleton 

alkaloids, terpenoids and simple aromatic structural classes. They have been reported with 

diverse biological activities including antioxidant,11,12 antimicrobial,13 antifertility,14 

antiarthritic,15 antidiabetic,16,17 antibacterial,18,19 anticancer,20 antifungal,21
 DNA 
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damaging22,23 and dihydrofolate reductase inhibitory activity.24 The extract of Alangium 

villosum roots was reported to have anti-inflammatory activity.25 Tetrahydroisoquinoline 

type alkaloids, such as alangiside, emetine, tubulosine and deacetylisoipecoside, have been 

frequently isolated from the genus Alangium, with well-established biosynthetic 

pathway.8,26-28  

Chemical investigations of the Australian plant A. villusom subsp. tomentosum (F. 

Muell.) Bloemb resulted in the isolation of four new benzoquinolizidine N-oxides, namely, 

tubulosine Nβ
5-oxide (1), isotubulosine Nα

5-oxide (2), 9-demethyltubulosine Nβ
5-oxide (3) 

and 9-demethylisotubulosine Nα
5-oxide (4), four new benzoquinolizidine alkaloids, namely, 

1',2'-dehydro-9-demethyltubulosine (10), 7',9-O-didemethylcephaeline (13), 7',9-O-

didemethylisocephaeline (14) and 7',9-didemethylpsychotrine (15), together with 36 

known natural products including tubulosine (5),29,30 isotubulosine (6),31,32 9-

demethyltubulosine (7),33 9-demethylisotubulosine (8),32,34 deoxytubulosine (9),35,36 1',2'-

didehydrotubulosine (11),37 9-demethylprotoemetinol (12),38,39 demethyalangiside (16),8,27 

alangiside (17),27,40 3-O-demethyl-2-O-methylalangiside (18),41 2'-

sinapoyldemethylalangiside (19),42 6-O-methyl-N-deacetylisoipecosidic acid (20),43 7-O-

methyl-N-deacetylisoipecosidic acid (21),43 N-deacetylisoipecoside (22),28 6-O-methyl-N-

deacetylipecosidic acid (23),44 (+)-isolarisiresinol 3α-O-β-D-glucopyranoside (24),45 (-)-

isolarisiresinol 3α-O-β-D-glucopyranoside (25),46 (+)-5'-methoxyisolariciresinol 3α-O-β-

D-glucopyranoside (26),46 (-)-5'-methoxyisolariciresinol 3α-O-β-D-glucopyranoside (27),46 

(+)-lyoniresinol 3α-O-β-D-glucopyranoside (28),47,48 (-)-lyoniresinol 3α-O-β-D-

glucopyranoside (29),46-48 loganic acid (30),49 sweroside (31),50 fragraeoside (32),51 (1S)-

lacinilene C (33),52 (1ζ)-1-methoxylacinilene C (34),53 2,7-dihydroxycadalene (35),54 
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alangicadinoside C (36),55 27-O-trans-caffeoylcylicodiscic acid (37),56 messagenic acid B 

(38),57 cylicodiscic acid (39),58 betulinic acid (40),59 botulin (41),59,60 3-hydroxy-30-nor-

20-oxo-28-lupanoic acid (42),60,61 betulonic acid (43)62,63 and betulone (44).64 Because 

trifluoroacetic acid (TFA) was used in mobile phase in HPLC purification, compounds 1-

15 and 20-23 were purified as their trifluoroacetate salt. The chemical structures of the 

compounds were elucidated using a series of spectrometric and spectroscopic techniques. 

On the basis of previous work, we developed a theoretical framework that explains 

that all natural products interact with biologically relevant space.65,66 All of the 44 isolated 

compounds were subjected to an unbiased phenotypic assay on hONS cells followed by 

analysis of cytological effects. Herein, we report the isolation and structure elucidation of 

the eight new compounds (1-4, 10 and 13-15) as well as the cytological profiles of all of 

the isolated natural products from A. villusom subsp. tomentosum (F. Muell.) Bloemb using 

the human olfactory neurosphere-derived (hONS) cells from a Parkinson’s disease patient, 

which models functional aspects of Parkinson’s disease.  

RESULTS AND DISCUSSION 

The air-dried and ground plant of A. villusom subsp. tomentosum (F. Muell.) 

Bloemb. (20 g) was sequentially extracted with n-hexane, CH2Cl2 and MeOH. The 

CH2Cl2/MeOH extracts were combined and fractionated using a C18 bonded silica flash 

column. Subsequently four fractions were collected by eluting with stepwise MeOH/H2O 

gradients (10% MeOH/90% H2O, 50% MeOH/50% H2O, 90% MeOH/10% H2O and 

MeOH, respectively; each containing 0.1% TFA).  
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Previous chemical investigations on the genus Alangium and its related genera have 

revealed that they are a particularly rich source of benzoquinolizidine alkaloids.40,67,68 The 

1H NMR spectrum in DMSO-d6 of the 50% MeOH/50% H2O fraction displayed numbers 

of methoxyl singlets between δH 3.50 and 3.80, ethyl groups at δH 0.85-0.93, 1.82-1.64 and 

1.35-1.20, and aromatic signals between δH 6.70 and 7.20, together with exchangeable 

aminic protons between δH 8.50 and 11.20, indicating the presence of tubulosine and 

emetine alkaloids. HPLC purification of the fraction by C18 bonded silica HPLC (gradient 

MeOH/H2O with 0.1% TFA) yielded four new benzoquinolizidine N-oxides, namely, 

tubulosine Nβ
5-oxide (1), isotubulosine Nα

5-oxide (2), 9-demethyltubulosine Nβ
5-oxide (3) 

and 9-demethylisotubulosine Nα
5-oxide (4), four new benzoquinolizidine alkaloids, namely, 

1',2'-dehydro-9-demethyltubulosine (10), 7',9-O-didemethylcephaeline (13), 7',9-O-

didemethylisocephaeline (14) and 7',9-didemethylpsychotrine (15), along with tubulosine 

and its analogues (5-9, 11 and 12).  

The 1H NMR spectrum of the 90% MeOH/10% H2O fraction contained some 

intriguing signals indicative of tetrahydroisoquinoline monoterpene, lignan and iridoid 

glycosidic type molecules. Further purification of the fraction led to the isolation of 17 

known metabolites (16-32). Further purification of the MeOH fraction resulted in the 

isolation of 12 known metabolites (33-44). Compounds 1-15 and 20-23 were purified as 

their trifluoroacetate salt. In total, forty-four structurally diverse secondary metabolites 

were isolated from the prolific Australian plant A. villusom subsp. tomentosum (F. Muell.) 

Bloemb. 
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Tubulosine Nβ
5-oxide (1), was isolated as an optically active odorless pale yellow 

powder with an [α]D value at +11.0. The HRESIMS data gave an adduct [M+H]+ ion at m/z 

492.2856, which was consistent with a molecular formula of C29H37N3O4, and implied 13 

degrees of unsaturation. It showed UV maxima at 205, 229, 258, 279, 314 and 370 nm, and 

IR bands at 3420, 2994, 1683, 1515, 1206, 1179 and 1033 cm-1, indicative of 

benzoquinolizidine and tryptoline chromophores.30,31,69 Its 1H NMR spectrum, in 

combination with HSQC experimental data, suggested two aromatic singlets at δH 6.92 and 

6.90, an AMX spin system for three aromatic protons at δH 7.15, 6.78 and 6.65, four 

methine signals (δH 5.13, 4.77, 1.97 and 1.92), eight methylene signals (δH 4.18/4.00, 

3.92/3.72, 3.72/3.31, 3.31/3.05, 2.94/1.77, 2.93/2.90, 2.18/2.10 and 1.68/1.28), two singlets 

for methoxyl groups at δH 3.78 and 3.76, one methyl triplet at δH 0.90 (t, 7.5) and four 

exchangeable proton singlets (δH 12.64, 10.80, 9.67 and 9.03) (Table 1). The 13C NMR 

data which was extracted from the HSQC and HMBC spectra contained fourteen aromatic 

carbons (δC 150.8, 147.7, 147.7, 130.2, 130.2, 126.2, 123.6, 121.8, 111.6, 111.4, 111.3, 

109.7, 104.6 and 101.8), four sp3 hybridized methines (δC 69.5, 49.1, 35.7 and 32.2), eight 

sp3 hybridized methylenes (δC 67.3, 61.5, 41.1, 34.0, 27.7, 22.7, 21.0 and 17.6), two 

methoxyl carbons (δC 55.4 and 55.4) and a methyl carbon (δC 9.7) (Table 2). These spectral 

features were similar to those of tubulosine (5) TFA salt, except for the replacement of an 
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exchangeable signal at δH 10.25 by a sharp singlet at δH 12.64 (Table 1). There were also 

notable changes in chemical shifts of H-4, H-6 and H-11b in 1 at δH 3.92/3.72, 4.18/4.00 

and 4.77 in comparison with those in 5 at δH 3.64/3.02, 3.68/3.47 and 4.23 (ΔδH-4 = 0.28 

and 0.70 ppm, ΔδH-6 = 0.50 and 0.53 ppm, ΔδH-11b = 0.54 ppm), which could be due to the 

influence of an oxygen atom attached to the N5 position. Together with the 16 mass units 

excess in the mass spectroscopic data, compound 1 was deduced as an N5-oxide derivative 

of 5. This was supported by the presence of the exchangeable proton singlet at δH 12.64 

resulting from the protonation of the N-oxide group by TFA. The proposed structure of 1 

was also consistent with its carbon data extracted from the HSQC and HMBC spectra 

(Table 2). Remarkable changes of carbon chemical shifts of C-4, C-6 and C-11b in 1 were 

observed at δC 67.3, 61.5 and 69.5, instead of those in 5 at δC 57.4, 50.9 and 62.0 (ΔδC-4 = 

9.9 ppm, ΔδC-6 = 10.6 ppm, ΔδC-11b = 7.5 ppm). The cross-peaks between H-8 and 9-OMe, 

H-11 and 10-OMe in the ROESY spectrum established the placement of the two methoxyl 

groups, respectively. On the basis of the foregoing data, the planar structure of tubulosine 

Nβ
5-oxide (1) was established as TFA salt (Figure 1).  

 
Figure 1. Key ROESY correlations for tubulosine Nβ

5-oxide (1) 
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Table 1. 1H NMR Spectroscopic Data (600 MHz for 1-9, 11 and 800 MHz for 10, DMSO-d6) for compounds 1-11 

posit

ion 
Compounds δH (J in Hz) 

1 2 3 4 5 6 7 8 9 10 11 

1α 2.94 m 2.57 m 2.92 m 2.59 m 3.04 m 2.76 m 2.99 m 2.74 m 3.04 m 2.32 m 2.36 m 

1β 1.77 m 1.73 m 1.72 m 1.73 m 1.41 m 1.35 m 1.38 m 1.77 m 1.42 m 1.33 m 1.35 m 

2 1.92 m 1.92 m 1.91 m 1.96 m 1.91 m 1.93 m 1.87 m 1.94 m 1.90 m 2.01 m 2.08 m 

3 1.97 m 1.83 m 1.96 m 1.82 m 1.63 m 1.65 m 1.60 m 1.63 m 1.64 m 1.69 m 1.70 m 

4α 3.72 m 3.70 m 3.66 m 3.68 m 3.02 m 2.98 m 2.97 m 2.96 m 3.04 m 2.98 m 3.00 m 

4β 
3.92 m 

4.11 dd 

(12.6, 3.6) 3.91 m 

4.07 dd 

(12.5, 3.5)  3.64 m 3.61 m 3.60 m 3.60 m 3.67 m 3.60 m 3.61 m 

N-5 12.64 s 12.99 s 12.61 s 12.78 s 10.25 br s 9.95 br s 10.03 br s 9.80 br s 9.92 br s 9.61 br s 9.77 br s 

6α 4.18 m 4.34 m 4.14 m 4.30 m 3.68 m 3.64 m 3.61 m 3.61 m 3.70 m 3.61 m 3.59 m 

6β 4.00 m 3.82 m 3.96 m 3.79 m 3.47 m 3.40 m 3.41 m 3.39 m 3.49 m 3.30 m 3.32 m 

7 3.31 m 3.26 m 3.24 m 3.26 m 3.19 m 3.16 m 3.11 m 3.11 m 3.22 m 3.00 m 3.12 m 

7 3.05 m 3.03 m 2.97 m 2.96 m 2.97 m 2.92 m 2.85 m 2.87 m 2.98 m 2.85 m 2.87 m 

8 6.90 s 6.86 s 6.69 s 6.66 s 6.84 s 6.80 s 6.62 s 6.61 s 6.86 s 6.58 s 6.78 s 

9   9.27 s 9.21 s   9.22 s 9.21 s    

11 6.92 s 6.74 s 6.90 s 6.76 s 6.98 s 6.68 s 6.93 s 6.66 s 6.97 s 6.40 s 6.45 s 

11b 
4.77 br d 

(11.9) 

4.65 br dd 

(12.4, 1.8) 

4.72 br d 

(12.0) 

4.62 br dd 

(12.5, 1.8) 

4.23 br t 

(10.7) 4.23 br s 

4.18 br t 

(10.3) 4.19 br s 

4.24 br t 

(10.5) 4.18 br s 4.21 br s 

12 1.68 m 1.68 m 1.68 m 1.67 m 1.68 m 1.69 m 1.64 m 1.68 m 1.68 m 1.81 m 1.81 m 

12 1.28 m 1.31 m 1.26 m 1.30 m 1.23 m 1.28 m 1.20 m 1.23 m 1.23 m 1.35 m 1.33 m 

13 
0.90 t 

(7.5) 

0.92 t  

(7.5) 

0.90 t 

(7.5) 

0.90 t  

(7.5) 

0.89 t 

(7.4) 

0.85 t 

(7.4) 

0.86 t 

(7.4) 

0.85 t 

(7.5) 

0.89 t  

(7.5) 

0.92 t 

(7.4) 

0.93 t 

(7.4) 

1' 
5.13 br t 

(9.9) 4.80 br s 

5.10 br t 

(9.9) 4.78 br s 

5.09 br t 

(9.9) 4.90 br s 

5.08 br t 

(9.9) 4.90 br s 

5.15 br t 

(9.9)   

N-2' 9.67 br s 9.66 br s 9.70 br s 9.68 br s 10.02 br s 9.75 br s 9.93 br s 9.75 br s 9.76 br s   

N-2' 9.03 br s 9.07 br s 9.04 br s 9.04 br s 9.24 br s 9.22 br s 9.22 br s 9.21 br s 9.12 br s   

3' 3.72 m 3.68 m 3.72 m 3.68 m 3.73 m 3.68 m 3.67 m 3.68 m 3.77 m 3.97 m 3.96 m 



187 

 

3' 3.31 m 3.34 m 3.31 m 3.32 m 3.33 m 3.43 m 3.30 m 3.41 m 3.35 m 3.92 m 3.93 m 

4' 2.93 m 2.89 m 2.93 m 2.93 m 2.95 m 2.97 m 2.90 m 2.97 m 3.02 m 3.22 m 3.19 m 

4' 2.90 m 2.85 m 2.91 m 2.88 m 2.90 m 2.88 m 2.80 m 2.86 m 3.00 m   

5' 
6.78 d 

(2.4) 

6.76 d  

(2.4) 

6.77 d 

(2.4) 

6.75 d  

(2.3) 

6.78 d 

(2.3) 

6.77 d 

(2.5) 

6.75 d 

(2.4) 

6.77 d 

(2.4) 

7.51 dd  

(8.0, 1.2) 

6.96 d 

(2.4) 

6.97 d 

(2.4) 

6' 

8.73 s 8.72 s 8.72 s 8.73 s 8.73 s 8.72 s 8.75 s 8.75 s 

7.03 ddd 

(8.0, 8.0, 

1.2) 8.72 s 8.73 s 

7' 6.65 dd 

(8.6, 2.4) 

6.64 dd 

(8.6, 2.4) 

6.65 dd 

(8.6, 2.4) 

6.62 dd 

(8.6, 2.3) 

6.64 dd 

(8.6, 2.3) 

6.64 dd 

(8.5, 2.5) 

6.62 dd 

(8.6, 2.4) 

6.65 dd 

(8.6, 2.4) 

7.12 ddd 

(8.0, 8.0, 

1.2) 

7.04 dd 

(8.9, 2.4) 

7.04 dd 

(9.0, 2.4) 

8' 
7.15 d 

(8.6) 

7.13 d  

(8.6) 

7.17 d 

(8.6) 

7.14 d  

(8.6) 

7.16 d 

(8.6) 

7.17 d 

(8.5) 

7.14 d 

(8.6) 

7.17 d 

(8.6) 

7.39 dd  

(8.0, 1.2) 

7.40 d 

(8.9) 

7.39 d 

(9.0) 

N-9' 10.80 s 10.70 s 10.80 s 10.69 s 10.87 s 10.85 s 10.87 s 10.86 s 11.18 s 12.22 s 12.22 s 

10' 2.18 m 2.12 m 2.18 m 2.09 m 2.16 m 2.42 m 2.14 m 2.42 m 2.18 m 3.36 m 3.32 m 

10' 2.10 m 1.92 m 2.10 m 1.91 m 2.00 m 1.75 m 1.96 m 1.76 m 2.04 m 2.86 m 2.86 m 

9-

OM

e 3.78 s 3.75 s   3.76 s 3.75 s   3.77 s  3.70 s 

10-

OM

e 3.76 s 3.73 s 3.76 s 3.74 s 3.75 s 3.58 s 3.75 s 3.57 s 3.76 s 3.39 s 3.39 s 
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Table 2. 13C NMR Spectroscopic Data (150 MHz for 1-9, 11 and 200 MHz for 10, DMSO-d6) for 

compounds 1-11 

position 
Compounds 

1 2 3 4 5 6 7 8 9 10 11 

1 27.7 37.8 27.9 38.1 33.4 33.9 33.4 34.0 33.3 32.9 33.0 

2 32.2 32.7 32.1 32.7 33.5 34.1 33.8 34.0 33.7 37.2 37.6 

3 35.7 38.0 35.8 37.9 39.7 39.4 40.0 39.3 39.8 39.8 38.8 

4 67.3 70.6 67.2 70.2 57.4 57.1 17.6 57.1 57.5 56.7 56.8 

6 61.5 53.0 61.4 53.1 50.9 50.4 50.9 50.3 50.5 50.4 50.2 

7 22.7 22.9 22.8 22.8 25.5 25.0 25.6 24.7 25.6 24.6 24.8 

7a 123.6 123.3 123.6 121.2 124.4 124.3 124.8 124.4 124.3 124.0 124.6 

8 111.3 110.9 115.1 114.4 111.9 111.4 115.8 115.0 112.3 114.1 114.3 

9 147.7 148.2 146.7 146.2 149.1 149.1 147.3 146.7 148.7 146.6 148.3 

10 147.7 147.7 146.7 146.8 148.2 148.0 147.4 146.8 147.7 146.6 147.6 

11 109.7 109.8 110.4 110.3 109.5 108.6 110.4 108.8 110.1 107.9 107.8 

11a 121.8 120.7 120.2 121.8 124.0 123.7 122.8 122.2 123.5 121.7 121.6 

11b 69.5 70.6 69.8 70.5 62.0 61.7 62.5 61.6 62.3 61.6 61.8 

12 21.0 21.1 21.1 21.3 22.0 21.4 22.2 21.3 22.1 22.0 23.0 

13 9.7 9.9 9.9 9.9 10.6 9.6 10.7 9.9 10.3 10.1 10.3 

1' 49.1 49.0 49.0 49.3 49.7 50.8 49.9 50.7 50.0 167.2 167.9 

3' 41.1 40.5 41.1 40.2 41.5 40.0 41.8 40.0 41.8 41.6 41.6 

4' 17.6 17.7 17.7 17.8 18.3 17.8 18.6 17.8 18.5 18.6 18.5 

4a' 104.6 104.9 104.8 104.8 105.6 105.3 105.8 105.1 105.8 121.7 122.6 

5a' 126.2 126.3 126.6 126.3 127.0 127.0 127.7 127.0 125.7 124.7 125.4 

5' 101.8 101.4 101.9 101.7 102.3 101.8 102.6 101.9 118.5 102.7 102.6 

6' 150.8 150.8 150.5 150.7 151.1 151.2 151.3 150.9 119.5 152.6 153.0 

7' 111.6 111.8 111.7 111.6 112.0 111.6 112.4 111.6 122.3 121.0 121.7 

8' 111.4 111.2 111.3 111.3 111.9 111.3 112.2 111.3 111.8 113.7 113.7 

8a' 130.2 130.0 130.3 130.3 130.8 131.1 130.9 130.6 136.2 135.9 135.7 

9a' 130.2 130.0 130.3 130.3 130.8 131.1 130.9 130.6 130.1 127.6 127.7 

10' 34.0 33.0 34.1 33.0 34.3 34.2 34.8 34.2 34.5 34.5 34.2 

9-OMe 55.4 55.4   56.0 55.3   56.2  55.0 

10-OMe 55.4 55.4 56.3 55.2 56.0 55.3 56.9 55.4 56.2 55.5 55.4 

 

Isotubulosine Nα
5-oxide (2) was recognized as a stereoisomer of 1 from its 

HRESIMS with an adduct [M+H]+ ion at m/z 492.2855, which in conjunction with NMR 

data enabled the establishment of a molecular formula of C29H37N3O4. The 1H NMR 
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spectrum of 2 was reminiscent of that of 1 (Table 1). However, a careful comparison of the 

two spectra revealed significant differences in chemical shifts of H-1, H-3, H-4, H-6 and 

H-11b in 2 at δH 2.57/1.73, 1.83, 4.11/3.70, 4.34/3.82 and 4.65 in comparison with those 

in 1 at δH 2.94/1.77, 1.97, 3.92/3.72, 4.18/4.00 and 4.77. It was consistent with its 13C NMR 

data derived from the HSQC and HMBC spectra (Table 2). Notable changes in carbon 

chemical shifts of C-1, C-3, C-4, C-6 and C-11b in 2 were also observed at δC 37.8, 38.0, 

70.6, 53.0, and 70.6, instead of those in 1 at δC 27.7, 35.7, 67.3, 61.5 and 69.5. A careful 

comparison of the two spectra also showed the significant differences in proton chemical 

shifts of H-1' and H-10' in 2 at δH 4.80 and 2.12/1.92, instead of those in 1 at δH 5.13 and 

2.18/2.10. ROESY correlations between H-8 and 9-OMe, H-11 and 10-OMe established 

the placement of the two methoxyl groups, respectively. On the basis of comparison of the 

physical and spectral data, compound 2 was assigned as a stereoisomer of 1. 

The HRESIMS data ([M+H]+ m/z 478.2715) for 9-demethyltubulosine Nβ
5-oxide 

(3) supported a molecular formula of C28H34N3O4, for 13 degrees of unsaturation. 

Inspection of the 1D and 2D NMR spectra of 3 suggested that it was structurally related to 

1 (Table 1 and 2). However, the 1H NMR spectrum of 3 indicated the presence of only one 

methoxyl singlet at δH 3.76. The ROESY correlation between the methoxyl singlet at δH 

3.76 and H-11 at δH 6.90 confirmed the methoxyl was attached to C-10. The planar 

structure of 9-demethyltubulosine Nβ
5-oxide was therefore deduced as 3. 

The fourth compound, 9-demethylisotubulosine Nα
5-oxide (4) was recognized as an 

stereoisomer of 3 from its HRESIMS of an adduct [M+H]+ ion at m/z 478.2698, which in 

conjunction with NMR data enabled the establishment of a molecular formula of 

C28H34N3O4. The 1H NMR spectrum of 4 was very similar to that of 2, except for the 
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absence of a methoxyl singlet at δH 3.75 (Table 1). The ROESY correlation between the 

methoxyl singlet at δH 3.74 and H-11 at δH 6.76 confirmed the methoxyl was attached to 

the C-10 position. The planar structure of 9-demethylisotubulosine Nα
5-oxide was therefore 

deduced as 4. 

The relative configurations of the benzoquinolizidine moiety in 1 were determined 

by the ROESY experiment (Figure 1). The ROESY correlations between H-2 (δH 1.92) and 

H-4α (δH 3.72), H-2 (δH 1.92) and H-11b (δH 4.77), H-4α (δH 3.72) and H-11b (δH 4.77), 

H-6α (δH 4.18) and H-11b (δH 4.77) were observed, indicating their cis disposition and N5-

OH was at the β side of the benzoquinolizidine ring. On the other hand, ROESY cross-

peaks were observed between H-1β (δH 1.77) and H-3 (δH 1.97), H-1β (δH 1.77) and H-10a' 

(δH 2.18), thereby confirming the β-orientation of H-3. As a result, the C-10' methylene 

group could be placed on the β-face of the molecule (Figure 1). Given the free rotation of 

the methylene linkage between the benzoquinolizidine and tryptoline moieties, the relative 

configuration of H-1' cannot be determined by the ROESY experiment.  

The relative configurations of the benzoquinolizidine moiety in 2 were determined 

by the ROESY experiment. The ROESY correlations between H-2 (δH 1.92) and H-4α (δH 

3.70), H-2 (δH 1.92) and H-11b (δH 4.65), H-11b (δH 4.65) and H-4α (δH 3.70), H-4α (δH 

3.70) and H-12a (δH 1.68), H-11b (δH 4.65) and H-12a (δH 1.68), indicating their cis 

disposition. The N5-OH group was deduced at the α side of the benzoquinolizidine ring on 

the basis of ROESY correlations between H-11b (δH 4.65) and N5-OH (δH 12.99), H-4α (δH 

3.70) and N5-OH (δH 12.99). On the other hand, ROESY cross-peaks were observed 

between H-1β (δH 2.57) and H-3 (δH 1.83), H-1β (δH 2.57) and H-10b' (δH 1.92), thereby 

confirming the β-orientation of H-3. As a result, the C-10' methylene group could be placed 
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on the β-face of the molecule. Given the free rotation of the methylene linkage between the 

benzoquinolizidine and tryptoline moieties, the relative configuration of H-1' cannot be 

determined by the ROESY experiment. 

The relative configurations of the benzoquinolizidine moiety in 3 were determined 

by the ROESY experiment (Figure 1). The ROESY correlations between H-2 (δH 1.91) and 

H-4α (δH 3.66), H-2 (δH 1.91) and H-11b (δH 4.72), H-4α (δH 3.66) and H-11b (δH 4.72), 

H-6α (δH 4.14) and H-11b (δH 4.72) were observed, indicating their cis disposition and N5-

OH was at the β side of the benzoquinolizidine ring. On the other hand, ROESY cross-

peaks were observed between H-1β (δH 1.72) and H-3 (δH 1.96), H-1β (δH 1.72) and H-10a' 

(δH 2.18), thereby confirming the β-orientation of H-3. As a result, the C-10' methylene 

group could be placed on the β-face of the molecule. Given the free rotation of the 

methylene linkage between the benzoquinolizidine and tryptoline moieties, the relative 

configuration of H-1' cannot be determined by the ROESY experiment.  

The relative configurations of the benzoquinolizidine moiety in 4 were determined 

by the ROESY experiment. The ROESY correlations between H-2 (δH 1.96) and H-4α (δH 

3.68), H-2 (δH 1.96) and H-11b (δH 4.62), H-11b (δH 4.62) and H-4α (δH 3.68), H-4α (δH 

3.68) and H-12a (δH 1.67), H-11b (δH 4.62) and H-12a (δH 1.67), indicating their cis 

disposition. The N5-OH group was deduced at the α side of the benzoquinolizidine ring on 

the basis of ROESY correlations between H-11b (δH 4.62) and N5-OH (δH 12.78), H-4α (δH 

3.68) and N5-OH (δH 12.78). On the other hand, ROESY cross-peaks were observed 

between H-1β (δH 2.57) and H-3 (δH 1.82), H-1β (δH 2.57) and H-10b' (δH 1.91), thereby 

confirming the β-orientation of H-3. As a result, the C-10' methylene group could be placed 

on the β-face of the molecule. Given the free rotation of the methylene linkage between the 
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benzoquinolizidine and tryptoline moieties, the relative configuration of H-1' cannot be 

determined by the ROESY experiment. 

The effects of the substituents and the basic skeleton on the chirality of tubulosine 

and isotubulosine type alkaloids have been discussed in the literature.37,69-71 Two partial 

chromophores, a tetrahydroisoquinoline and a tetrahydrocarboline (tryptoline) moiety, 

contributed to the major Cotton effects (CEs) at 280, 240 and 225 nm in tubulosine 

alkaloids and, four major CEs at 310, 278, 238 and 218 nm in isotubulosine alkaloids. In 

general, for tubulosine alkaloids, where the absolute configuration defined as 

(2S,3R,11bS,1'R), have a strong negative CE at around 225 nm, a medium positive CE at 

around 240 nm and a weak negative CE at 280 nm. In comparison, for isotubulosine type 

alkaloids, where the absolute configuration defined as (2S,3R,11bS,1'S), with only one 

chiral center different at C-1', have a strong negative CE at around 218 nm, a medium 

positive CE at 240 nm and, a strong positive CE at 278 nm and an extra negative CE at 310 

nm. The CD spectra of compounds 5, 7 and 9 were in agreement with the published data,37 

indicating the absolute configurations of 5, 7 and 9 as (2S,3R,11bS,1'R) (Figure 2a). The 

CD spectra of compounds 6 and 8 were in agreement with the published data (Figure 

2b),37,69 indicating the absolute configurations of 6 and 8 as (2S,3R,11bS,1'S). The major 

differences of the CEs at around 280 nm were ascribed to be the effects of the absolute 

confirmation at the C-1' position. 

The absolute configurations at the C-1' position of compound 1-4 were determined 

using the circular dichroism experiments. The observed negative CEs at around 278 nm in 

compound 1 and 3 indicated a R-configuration at C-1' (Figure 2a). In contrast, the observed 

positive CE at 278 nm in compound 2 and 4 suggested a S-configuration at C-1' (Figure 
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2b). The similar coupling constant of H-1' and H-10', along with the chemical shifts of H-

1' as in 1, 3, 5, 7 and 9 were consistent with the assignment, as to those in 2, 4, 6 and 8 

(Table 1). 

2a

2b 

Figure 2. CD spectra of compounds 1-9 in MeOH. 

The absolute configurations at C-2, C-3 and C-11b in 1-4 were deduced to be 

(2S,3R,11bS) by the similarity of the CD spectral data with those of 5-9, respectively. 

Furthermore, on the basis of the ROESY correlations, the S-absolute configuration at the 

N5 positions in 1 and 3 and the R-absolute configuration at the N5 positions in 2 and 4 were 
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deduced. Herein, the absolute configurations of (2S,3R,5S,11bS,1'R) were determined for 

1 and 3 and, absolute configurations of (2S,3R,5R,11bS,1'S) were determined for 2 and 4. 

1',2'-Dehydro-9-demethyltubulosine (10) was obtained as an optically active 

amorphous powder with an [α]D value at +50.0. Its molecular formula of C28H34N3O3 was 

assigned based on the HRESIMS data for [M+H]+ at m/z 460.2595, which was consistent 

with 14 degrees of unsaturation. It showed UV maxima at 230, 283 and 375 nm, and IR 

bands at 3440, 2981, 1686, 1522, 1441, 1202, 1181, 1023 and 1000 cm-1, indicative of 

benzoquinolizidine and dihydrocarboline chromophores. Its 1H NMR spectrum exhibited 

signals for an ethyl group at δH 0.92, 1.35, and 1.81, singlets for two aromatic protons at 

δH 6.58 and 6.40, three aromatic protons at δH 7.40, 7.04 and 6.96 for an AMX spin system 

for three aromatic protons at δH 7.40, 7.04 and 6.96, one methoxyl singlet at δH 3.39 and 

exchangeable signal at δH 12.22 (Table 1). These spectral features were similar to those of 

9-demethyltubulosine (7) and 9-demethylisotubulosine (8), except for the absence of H-1' 

methine signal, which appeared at δH 5.08 in 7 and δH 4.90 in 8, suggesting that 10 was the 

1',2'-dehydrogenated analogue of 7 and 8. The assignment was supported by the 

observation of the carbon chemical shift of C-1' at δC 167.2, in comparison with δC-1' 49.9 

in 7 and δC-1' 50.7 in 8. The planar structure of 10 was therefore deduced. 

The relative configuration of 10 was deduced by the ROESY experiment. The 

ROESY correlations between H-2 (δH 2.01) and H-4α (δH 2.98), H-2 (δH 2.01) and H-11b 

(δH 4.18), H-4α (δH 2.98) and H-11b (δH 4.18), H-6α (δH 3.61) and H-11b (δH 4.18) were 

observed, indicating their cis disposition. On the other hand, ROESY cross-peaks were 

observed between H-1β (δH 1.33) and H-3 (δH 1.69), H-1β (δH 1.33) and H-10a' (δH 3.36), 

thereby confirming the β-orientation of H-3. As a result, the C-10' methylene group could 
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be placed on the β-face of the molecule. The CD spectrum of 10 showed a negative Cotton 

effect at 23 nm and a positive CE at 210 nm in MeOH, similar to that observed for 11 and 

also explicable in terms of the aromatic quadrant rule as well as in literature,37 suggesting 

(2S,3R,11bS) absolute configuration for 10.  

7',9-O-Didemethylcephaeline (13), was isolated as an optically active amorphous 

powder with an [α]D value at +12.2. The HRESIMS data gave a [M+H]+ ion at m/z 

439.2610, which was consistent with a molecular formula of C26H34N2O4, and implied 11 

degrees of unsaturation. It showed UV maxima at 203, 230sh and 285 nm, IR bands at 

3446, 3000, 1685, 1533, 1468, 1204, 1179, 1028 and 1000 cm-1, indicative of 

tetrahydroisoquinoline chromophores. The 1H NMR spectrum contained four aromatic 

singlets (δH 6.91, 6.67, 6.64 and 6.59), four methines (δH 4.73, 4.18, 1.76 and 1.60), eight 

methylene moieties (δH 3.62/3.41, 3.62/2.95, 3.49/3.22, 3.13/2.92, 2.92/2.80, 2.89/1.36, 

2.14/1.68 and 1.60/1.26), one methoxyl singlet (δH 3.78), one methyl triplet (δH 0.88, t, 9.2 

Hz) and three broad exchangeable protons (δH 9.62, 9.32 and 8.74) (Table 3). Analysis of 

the HSQC and HMBC spectra indicated that the molecule contained twelve aromatic 

carbons (δC 147.4, 146.9, 144.5, 144.5, 124.3, 123.2, 122.3, 121.9, 114.9, 114.9, 112.9 and 

109.7), four sp3 hybridized methines (δC 61.8, 50.7, 38.5 and 33.7), eight sp3 hybridized 

methylenes (δC 56.3, 50.7, 37.8, 35.4, 32.8, 24.4, 24.3, 21.1), one methoxyl carbon (δC 56.3) 

and a methyl carbon (δC 9.6) (Table 3). These spectral features were similar to those of 

benzoquinolizidine alkaloids such as emetine and cephaeline.72,73 In comparison with 

emetine, compound 13 had only one methoxyl singlet instead of four in emetine. ROESY 

correlations between H-11 and the methoxyl singlet at δH 3.78, H-11 and H-1 indicated that 

the methoxyl group was attached at the C-10 position, therefore, three hydroxyl groups 
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were present at C-9, C-6' and C-7', respectively. On the basis of the foregoing data, the 

planar structure of 7',9-O-didemethylcephaeline was established as 13. Because TFA was 

used throughout the purification process, the counterion for 7',9-O-didemethylcephaeline 

(13) was trifluroacetate. 

Table 3. NMR spectroscopic data (600 or 800 MHz, DMSO-d6) for compounds 13-15 

position 
13 14 15 

δC, type δH (J in Hz) δC, type δH (J in Hz) δC, type δH (J in Hz) 

1 32.8, CH2 
2.91, m  

1.36, m 
33.8, CH2 

2.92, m 

1.30, m 
32.8, CH2 

2.40, m 

1.36, m 

2 33.7, CH 1.78, m 34.6, CH 1.74, m 37.2, CH 1.94, m 

3 38.5, CH 1.60, m 39.2, CH 1.60, m 39.0, CH 1.70, m 

4 56.3, CH2 
3.64, m 

2.95, m 
56.8, CH2 

3.57, m 

2.98, m 
56.1, CH2 

3.62, m 

2.96, m 

N-5  9.67, br s  9.66, br s  9.72, br s 

6 50.7, CH2 
3.63, m 

3.43, m 
50.7, CH2 

3.63. m 

3.35, m 
50.6, CH2 

3.61, m 

3.30, m 

7 24.4, CH2 
3.12, m 

2.87, m 
24.4, CH2 

3.10, m 

2.88, m 
23.9, CH2 

3.09, m 

2.86, m 

7a 124.3, C  124.3, C  123.3, C  

8 114.9, CH 6.63, s 114.9, CH 6.63, s 114.9, CH 6.61, s 

9 146.9, C  146.4, C  145.8, C  

10 147.4, C  146.5, C  146.2, C  

11 109.7, CH 6.90, s 109.3, CH 6.89, s 108.5, CH 6.65, s 

11a 121.9, C  122.0, C  122.1, C  

11b 61.8, CH 4.18, m 61.7, CH 4.26, m 61.0, CH 4.19, m 

12 21.1, CH2 
1.68, m 

1.21, m 
21.6, CH2 

1.60, m 

1.23, m 
21.4, CH2 

1.85, m 

1.37, m 

13 9.6, CH3 0.88, t (7.5) 9.9, CH3 0.79, t (7.5) 9.9, CH3 0.95, t (7.5) 

α 35.4, CH2 
2.15, m 

1.68, m 
36.1, CH2 

2.22, m 

1.60, m 
35.3, CH2 

3.45, m 

2.62, m 

1' 50.7, CH 4.73, m 51.1, CH 4.58, m 174.5, C  

N-2'  
9.32, br s 

8.74, br s 
 

9.29, br s 

8.88, br s 
  

3' 39.6, CH2 
3.49, m 

3.22, m 
37.8, CH2 

3.47, m 

3.33, m 
40.2, CH2 

3.86, m 

3.71, m 

4' 24.3, CH2 
2.95, m 

2.81, m 
24.4, CH2 

2.92, m 

2.85, m 
24.0, CH2 

3.03, m 

2.85, m 

4a' 122.3, C  121.8, C  132.6, C  

5' 114.9, CH 6.59, s 115.1, CH 6.60, s 114.9, CH 6.89, s 

6' 144.5, C  145.0, C  154.7, C  

7' 144.5, C  144.3, C  145.3, C  
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8' 112.9, CH 6.67, s 113.2, CH 6.74, s 116.5, CH 7.36, s 

8a' 123.2, C  123.6, C  122.6, C  

10-OMe 56.3, CH3 3.78, s 55.7, CH3 3.78, s 55.3, CH3 3.67, s 

 

7',9-O-Didemethylisocephaeline (14), was recognized as an isomer of 13 from its 

HRESIMS [M+H]+ at m/z 439.2610, which in conjunction with NMR data enabled the 

establishment of a molecular formula of C26H34N2O4. The 1H NMR spectum had similar 

feature to 13 (Table 3). The only notable difference was the shielding effect in the chemical 

shift of H-1' at δH 4.58 in 14 instead of at δH 4.73 in 13 (ΔδH = 0.15 ppm). The reasonable 

assumption was that the stereochemistry at C-1' in 14 was opposite to that in 13. This will 

be futher discussed later on. The position of the methoxyl group was determined to be 

attached to C-10 due to the cross-peaks between H-11 and 10-OMe, H-11 and H-1 in the 

ROESY spectrum of 14. Compound 14 was assigned the isomer of 13 based on comparison 

of the physical and spectral data. 

7',9-Didemethylpsychotrine (15), was obtained as an optically active amorphous 

powder. Its molecular formula of C26H32N2O4 was assigned based on the HRESIMS data 

for [M+H]+ at m/z 437.2436, which was consistent with 12 degrees of unsaturation. It 

showed UV maxima at 203, 230, 282 and 369 nm, and IR bands at 3376, 2941, 1680, 1445, 

1318, 1203 and 1175 cm-1, indicative of benzoquinolizidine and dihydroisoquinoline 

chromophores. Its 1H NMR spectrum exhibited signals for an ethyl group at δH 0.95, 1.37, 

and 1.85, singlets for four aromatic protons at δH 7.36, 6.89, 6.65 and 6.61, and singlet for 

methoxyl group at δH 3.77 and exchangeable signals at δH 9.72. These spectral features 

were similar to those of 13 and 14, except for the absence of the H-1' signal, which appeared 

at δH 4.73 in 13 and δH 4.60 in 14, in combination with the 2 mass units less than 13 and 

14 suggested that 15 was a 1',2'-dehydrogenated analogue of 13 and 14. The proposed 
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structure of 15 was consistent with its 2D spectrum, where C-1' was observed at δC 174.5, 

instead of at δC 50.7 in 13 and δC 51.1 in 14. Thus, the planar structure of alkaloid 15 was 

determined to be 7',9-didemethylpsychotrine. 

Compound 13 exhibited a positive CE at 237 nm and a negative CE at 290 nm, 

respectively, in its CD spectrum (Figure 4). The relevance of these CEs to the issue of 

absolute configuration at the C-11b and C-1' benzylic stereocenters is explicable in terms 

of the aromatic quadrant rule.70,74 When viewed along the C-9-C-11a-C-11b axis, N-5 and 

the C-4 methylene are in the positive lower right quadrant, and the C-1 methylene and C-

2 methine are in the negative left lower quadrant for the S absolute configuration at C-11b 

shown in structure 13. The contribution of these substituents to the observed CEs will thus 

largely cancel each other out. However, when viewed along the C-6'-C-8'a-C-1' axis, the 

C-3 methylene group is located in the positive left upper quadrant and the C-14 methylene 

group and all of its substituent tricyclic ring system are in the positive right lower quadrant. 

Collectively these quadrant projections then explain the high-amplitude positive Cotton 

effect for the A1g→B1u aromatic transition at 237 nm, and hence the S absolute 

configuration of compound 1 at C-1'. Since the signs of the quadrants are reversed when 

considering the ca. 290 nm (A1g→B1u) transition because of the antipodal natures of 

“normal” aromatic ellipticities,70 the negative CE at 290 nm in the CD spectrum of 13 was 

also readily explicable. Cephaeline and emetine  with their C-1' R absolute configuration 

showed similar CEs in the corresponding regions of their CD spectra.67 Compound 13 thus 

possesses the same spatial arrangement of substituents at C-1' as cephaeline and emetine,67 

with a R absolute configuration at this stereocenter. Collectively, the CD and ROESY data 
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then permitted assignment of (2R,3R,11bS,1'R) absolute configuration to compound 13 and 

(2R,3R,11bS,1'S) absolute configuration to compound 14.  

 

Figure 4. CD spectra of compound 13-15 in MeOH. 

(1S)-Lacinilene C (33) was isolated as an optically active white amorphous powder 

with an [α]D value at -33.3. It was recognized as the enantiomer of lacinilene C, (1R)-form 

with an positive [α]D value (+37.7).54 (1ζ)-1-Methoxylacinilene C (34), was isolated as 

racemic in comparison with reported optically active (1S)-1-methoxylacinilene C.53  

Consistent with the extraction and fractionation protocol developed in-house to 

prepare a Nature Bank fraction library targeting drug-like molecules, the isolated 

compounds were distributed within this lead-like space (Five Fractions in Figure 6).3,75 The 

data suggested that 55% of the isolated metabolites obeyed Linpinski’s Rule of five in 

terms of log P < 5 (81.8%), MW < 500 Da (63.6%), HBA < 10 (72.7%) and HBD < 5 

(65.9%). The physicochemical property of all isolated compounds were calculated using 

Instant JChem (version 15.10.26.0) and were provided in the Supporting Information.76 
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Figure 6. HPLC chromatogram of lead-like enhanced extract of the Australian plant Alangium villosum 

subsp. tomentosum (F.Muell.) Bloemb and chemical structures isolated from different lead-like 

enhanced fractions. 

The cytological profiles of the 44 secondary metabolites from the Australian plant 

Alangium villosum subsp. tomentosum (F. Muell.) Bloemb were examined to identify 

congeneric chemical series by coupling an unbiased multidimensional phenotype assay 

using nontransformed and nonimmortalized hONS cells, which were primary cells derived 

from a Parkinson’s disease patient. hONS cells were treated with 10 μM of each compound 

for 24 h. Cytological parameters were assessed by staining with fluorescent probes 

targeting various cellular pathways and organelles implicated in Parkinson’s disease. These 

included mitochondria, early endosomes, lysosomes, microtubule-based cytoskeleton, and 



201 

 

autophagosomes. In total, 38 phenotypic features across the individual cell line were 

generated. The identified compounds were subsequently analyzed to depict the cytological 

profile of the metabolites using bar chart as shown in Figure 6.  

 

Figure 7. Bar chart depicting the cytological profile of metabolites from Alangium villosum subsp. 

tomentosum (F. Muell.) Bloemb at 10 μM on 38 parameters based on the log2 ratio of compound and 

vehicle (DMSO). Red shows a decrease versus vehicle and blue shows an increase versus vehicle. 

Individual compounds are presented on the y-axis with individual features on the x-axis. 1. Nucleus area 

(µm²) 2. Nucleus morphology width (µm) 3. Nucleus morphology length (µm) 4. Nucleus morphology 

ratio width to length 5. Nucleus morphology roundness 6. Nucleus marker texture index 7. Nucleus 

marker intensity 8. Cell area (µm²) 9. Cell width (µm) 10. Cell length (µm) 11. Cell ratio width to length 

12. Cell roundness 13. α-Tubulin marker intensity in the cytoplasm 14. α-Tubulin marker intensity in 

outer region of cytoplasm 15. α-Tubulin marker intensity in inner region of cytoplasm 16. α-Tubulin 

marker texture index 17. Mitochondria marker intensity in the cytoplasm 18. Mitochondria marker 

intensity in outer region of cytoplasm 19. Mitochondria marker intensity in inner region of the cytoplasm 

20. Mitochondria marker texture index 21. LC3b marker intensity in the cytoplasm 22. LC3b marker 

intensity in the outer region of the cytoplasm 23. LC3b marker intensity in inner region of cytoplasm 

24. LC3b marker texture index 25. Lysosome marker intensity mean 26. Lysosome marker intensity 

outer region mean 27 Lysosome marker intensity inner region mean 28. Lysosome marker texture index. 

29. Number of EEA1 marker spots in cytoplasm 30. Number of EEA1 marker spots in inner region of 

cytoplasm 31. Number of EEA1 marker spots in outer region of cytoplasm 32. Number of EEA1 marker 

spots per Area of cytoplasm 33. EEA1 marker intensity in outer region of cytoplasm 34 EEA1 marker 

intensity in inner region of cytoplasm 35. EEA1 marker intensity in the cytoplasm 36. Number of EEA1 

marker spots per area of outer region 37 Number of EEA1 marker spots per Area of inner region of 

cytoplasm 38. EEA1 marker texture index. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

1 - 0. 006277131 - 0. 021582872 0. 016364114 - 0. 035988319 - 0. 003080201 - 0. 02910259 0. 025187595 0. 118209368 0. 046558886 0. 057719288 0. 00821345 0. 064455657 0. 18278257 0. 191990495 0. 195054172 - 0. 087915049 - 0. 196030606 - 0. 180115136 - 0. 17330531 0. 133194401 - 0. 153244384 - 0. 162387579 - 0. 22362456 - 0. 008246899 0. 253571038 0. 262823011 0. 245477469 - 0. 013225069 - 0. 312156888 - 0. 311258352 - 0. 379296621 - 0. 052113267 - 0. 086452612 - 0. 02519767 0. 019417721 0. 006358399 - 0. 002227004 - 0. 021329357

2 - 0. 235416958 - 0. 199385189 - 0. 031143715 - 0. 20479206 - 0. 06973482 - 0. 111128817 0. 476047577 - 0. 185409431 - 0. 005095602 - 0. 197483251 0. 283243251 0. 169882113 0. 952001209 0. 930118881 1. 418227684 - 0. 03252896 0. 071931556 - 0. 01757282 0. 501600937 0. 113371746 0. 283532783 0. 194558059 0. 584821332 - 0. 002895078 0. 634366128 0. 622714933 0. 735160368 - 0. 034827514 - 1. 661392329 - 2. 208688619 - 1. 656005964 - 1. 088845672 - 1. 068613285 - 1. 518834754 - 0. 459672547 - 0. 379671341 - 1. 287298285 - 0. 229206573

3 - 0. 313006174 - 0. 274628104 - 0. 085101369 - 0. 223200219 - 0. 065484867 - 0. 090772061 0. 379043884 - 0. 360757161 - 0. 123297865 - 0. 355918503 0. 185056675 0. 115067052 1. 523624078 1. 397158298 1. 637916173 - 0. 005816473 0. 79348159 0. 780337824 0. 857268704 0. 214133656 0. 891095427 0. 878547547 1. 050876718 0. 006544047 0. 176707897 0. 18023193 0. 20734434 0. 009654938 - 0. 857980995 - 1. 421682342 - 0. 89776371 - 0. 650350993 - 0. 691640059 - 0. 966100009 - 0. 57182129 - 0. 46070857 - 1. 088221073 - 0. 120519837

4 - 0. 120789802 - 0. 123652322 - 0. 006618793 - 0. 146977375 - 0. 043725997 - 0. 002458383 0. 008320696 0. 051448609 0. 049793652 - 0. 065592575 0. 154308117 0. 010444272 0. 344076208 0. 316698693 0. 508595258 0. 027710021 - 0. 090288462 - 0. 146706182 0. 066184246 0. 179848396 - 0. 269700271 - 0. 285077777 - 0. 244738855 0. 054529627 0. 501115358 0. 489812425 0. 554915312 - 0. 064053374 - 1. 142231887 - 1. 326525109 - 1. 16470257 - 0. 860560747 - 0. 8469157 - 0. 857720766 - 0. 680011984 - 0. 648387084 - 0. 971325511 - 0. 256293333

5 - 0. 255331286 - 0. 230988359 0. 004876648 - 0. 239140922 - 0. 097372243 - 0. 097022345 0. 293674265 - 0. 338965277 - 0. 154169035 - 0. 186475717 0. 12752418 0. 087721635 1. 053959704 1. 02792373 1. 238269438 - 0. 053293068 0. 279712116 0. 253228479 0. 631881458 0. 110660292 0. 414445759 0. 394388691 0. 594511192 0. 005880975 0. 092923065 0. 09516519 0. 097561211 - 0. 101618377 - 0. 359823322 - 0. 847690959 - 0. 386117887 - 0. 441925426 - 0. 433917968 - 0. 781859517 - 0. 895321405 - 0. 752351197 - 1. 638117693 - 0. 243718684

6 - 0. 099094151 - 0. 108307778 - 0. 01493007 - 0. 128094991 - 0. 034919544 - 0. 099733412 - 0. 214227503 0. 11109138 0. 111556434 - 0. 123954153 0. 256642097 0. 124869311 0. 431213776 0. 367090225 0. 531766395 - 0. 009039082 - 0. 099493861 - 0. 15834791 0. 043017354 0. 180251972 - 0. 10123186 - 0. 133210533 - 0. 054392549 0. 075448167 0. 606519307 0. 60649161 0. 685761487 - 0. 111677352 - 1. 333961259 - 1. 523561956 - 1. 319314516 - 0. 886976306 - 0. 860256968 - 1. 116624282 - 0. 812759898 - 0. 693730342 - 1. 466516412 - 0. 305056655

7 - 0. 124085131 - 0. 138687832 0. 012324628 - 0. 193162084 - 0. 058622017 - 0. 091417229 0. 108116744 - 0. 022915509 0. 077104469 - 0. 127528954 0. 255957578 0. 119077925 0. 60383067 0. 513294782 0. 851997807 - 0. 029112229 - 0. 00239507 - 0. 133559246 0. 211920842 0. 143453342 0. 009754884 - 0. 043546072 0. 170867285 0. 036268776 0. 117486793 0. 12004719 0. 137591022 - 0. 109967048 - 0. 578802548 - 0. 772589504 - 0. 529788248 - 0. 523351121 - 0. 465813006 - 0. 806796559 - 0. 862683582 - 0. 766938968 - 1. 618478509 - 0. 234111187

8 - 0. 2791946 - 0. 200813079 - 0. 087293841 - 0. 15116051 - 0. 055996644 - 0. 029211485 0. 357937102 - 0. 765624317 - 0. 3307105 - 0. 474488628 0. 208262154 0. 245180815 1. 615660083 1. 636644741 1. 762926019 - 0. 165978697 1. 27200407 1. 236929679 1. 433896678 0. 12077436 1. 418545681 1. 405294111 1. 654432417 0. 311138452 0. 659451624 0. 66037258 0. 7085582 - 0. 095738824 - 1. 689226537 - 1. 671660595 - 1. 615363979 - 1. 102226709 - 1. 118172591 - 1. 190121918 - 0. 821514983 - 0. 940539839 - 1. 055017835 - 0. 378361726

9 - 0. 130099544 - 0. 122676616 - 0. 009484141 - 0. 137090505 - 0. 050289137 - 0. 089626831 - 0. 346587062 - 0. 121804655 - 0. 005700706 - 0. 165770484 0. 169469244 0. 12257921 0. 680076142 0. 654566046 0. 750503906 0. 056657038 0. 04576703 0. 0299812 0. 203642806 0. 203803982 0. 146086052 0. 120229673 0. 193401805 0. 221202888 - 0. 015773821 - 0. 025360498 0. 029557334 - 0. 116529983 - 0. 211179241 - 0. 577333212 - 0. 221520702 - 0. 534605254 - 0. 475241385 - 0. 945741415 - 1. 16945482 - 1. 089790249 - 1. 853517065 - 0. 352985871

10 - 0. 134932136 - 0. 130339487 - 0. 020481672 - 0. 130763904 - 0. 047514981 - 0. 121252793 0. 016957031 - 0. 18678079 - 0. 046054254 - 0. 219588692 0. 209277722 0. 128324292 0. 720174954 0. 638274477 0. 925534723 - 0. 030673728 0. 211011241 0. 15195169 0. 392746474 0. 171952321 0. 153745879 0. 147635203 0. 291106828 0. 056963971 0. 059516345 0. 058738457 0. 090484335 - 0. 118717569 - 0. 553001055 - 0. 623726118 - 0. 526016494 - 0. 606389975 - 0. 566837583 - 0. 85345218 - 1. 293303185 - 1. 158134737 - 1. 839900465 - 0. 322960253

12 - 0. 033644104 - 0. 021220745 0. 003172712 - 0. 025849463 - 0. 005082879 - 0. 075284316 0. 412578709 - 0. 098151165 - 0. 049889064 - 0. 04289009 0. 018493075 - 0. 000820342 0. 293235527 0. 247851315 0. 319097692 - 0. 028070698 0. 195039348 0. 177737256 0. 211032673 0. 071114712 0. 308013367 0. 324250071 0. 347374139 - 0. 055522164 0. 100278018 0. 104554891 0. 098914692 - 0. 041841375 - 0. 171378233 - 0. 208688619 - 0. 158849844 - 0. 133679457 - 0. 144982572 - 0. 171356294 - 0. 13909951 - 0. 179599424 - 0. 169612043 - 0. 072260315

13 - 0. 180705411 - 0. 095285748 - 0. 08140091 - 0. 053501372 - 0. 013514288 0. 02644508 0. 011176892 - 0. 233346909 - 0. 061851804 - 0. 23345236 0. 173120435 0. 055576916 0. 249023064 0. 236931342 0. 362851445 0. 111796148 0. 212668146 0. 178726552 0. 247426007 0. 130189603 0. 084880896 0. 066135951 0. 021231501 0. 020034136 0. 1933206 0. 186284235 0. 216753855 - 0. 029384203 - 0. 460158051 - 0. 506074529 - 0. 459758649 - 0. 401206052 - 0. 367645212 - 0. 396798235 - 0. 229816633 - 0. 336232511 - 0. 223971374 - 0. 07531598

14 0. 095946082 0. 056196476 0. 028309787 0. 013652653 0. 010290714 0. 02630348 - 0. 179605658 0. 29825035 0. 121980506 0. 206214514 - 0. 038903154 - 0. 087749352 - 0. 464521715 - 0. 479382265 - 0. 44256295 0. 12236805 - 0. 416728671 - 0. 448817729 - 0. 327439024 0. 098930976 - 0. 520114655 - 0. 522487736 - 0. 581156736 0. 041037462 - 0. 079659225 - 0. 073583502 - 0. 055181148 - 0. 01328869 - 0. 050626073 - 0. 112929636 - 0. 046521144 - 0. 212113142 - 0. 200682478 - 0. 104046323 - 0. 043438266 - 0. 097977749 0. 113740104 0. 013492555

15 0. 090008873 0. 063689293 0. 021613136 0. 021214822 0. 006214431 0. 018596533 - 0. 166464433 0. 140727444 0. 077391034 0. 021741151 0. 069675041 - 0. 00708018 - 0. 274850602 - 0. 294987114 - 0. 307440076 0. 046118691 - 0. 137901195 - 0. 157568164 - 0. 116420963 0. 031111638 - 0. 237118174 - 0. 257153751 - 0. 304729939 - 0. 032701028 - 0. 060703371 - 0. 044562583 - 0. 027892741 - 0. 073642192 - 0. 176293723 - 0. 112929636 - 0. 233772963 - 0. 357123391 - 0. 389037014 - 0. 196485153 - 0. 538916336 - 0. 581602046 - 0. 639599655 - 0. 141065469

16 0. 022474727 0. 001913594 0. 000621881 - 0. 018634164 2. 52616E- 05 0. 006971279 0. 00450712 0. 101598213 0. 025299546 0. 064209433 - 0. 023377044 - 0. 007619728 - 0. 099268398 - 0. 094019587 - 0. 163322219 0. 011542141 - 0. 059647394 - 0. 050981335 - 0. 10785547 0. 068738777 - 0. 058070598 - 0. 037705538 - 0. 101010025 - 0. 062463585 0. 096539371 0. 098536529 0. 080996341 - 0. 13479129 - 0. 053637964 - 0. 023132966 - 0. 076549939 - 0. 096000037 - 0. 131546953 - 0. 063006323 - 0. 454734865 - 0. 420573863 - 0. 446234161 - 0. 157229369

17 0. 020574854 0. 020349213 0. 013283202 - 0. 010054692 - 0. 002004202 - 0. 011743615 - 0. 085918159 - 0. 225763523 - 0. 065903218 - 0. 2226495 0. 178507901 0. 106505517 0. 129707216 0. 095458011 0. 004749543 0. 003704815 0. 332027476 0. 323979864 0. 263878092 0. 131899539 0. 339615198 0. 34934768 0. 306023609 - 0. 09417841 0. 164960938 0. 158997454 0. 164054444 - 0. 136759072 - 0. 542385149 - 0. 454849206 - 0. 499886762 - 0. 423266033 - 0. 390845803 - 0. 293263573 - 0. 651170464 - 0. 615692787 - 0. 830324157 - 0. 259737366

18 0. 085861073 0. 059441692 0. 01649604 0. 037134568 0. 005436181 - 0. 056983065 - 0. 135849154 0. 259309232 0. 095756977 0. 133763299 - 0. 032045537 - 0. 009865328 - 0. 340205543 - 0. 355319237 - 0. 342401122 0. 047052879 - 0. 349159394 - 0. 371654136 - 0. 291582356 0. 089504159 - 0. 499788766 - 0. 513646081 - 0. 591802933 - 0. 028477873 0. 053134372 0. 052231944 0. 066633044 - 0. 140184644 - 0. 238336655 - 0. 318871536 - 0. 296645441 - 0. 345561901 - 0. 377790503 - 0. 331651737 - 0. 806346807 - 0. 805256539 - 0. 896627799 - 0. 263461069

19 0. 014591589 0. 011223385 0. 013703182 - 0. 031894203 - 0. 006111589 - 0. 031758157 - 0. 019467745 0. 178099708 0. 040924748 0. 178413505 - 0. 096387197 - 0. 031375863 - 0. 037207812 - 0. 061859004 - 0. 001510034 - 0. 018914706 - 0. 358372938 - 0. 33143769 - 0. 300079439 0. 117044266 - 0. 080315629 - 0. 056977922 - 0. 042579786 - 0. 04348226 - 0. 044794441 - 0. 032685667 - 0. 027171295 - 0. 050150647 - 0. 031200574 - 0. 119562728 - 0. 093196605 - 0. 145384472 - 0. 143437106 - 0. 13425864 - 0. 299311537 - 0. 318027264 - 0. 233683265 - 0. 051751301

20 0. 025183245 0. 019616753 - 0. 002115575 0. 003561171 - 0. 000375922 - 0. 021733015 - 0. 000593601 0. 069299546 0. 026556661 0. 062630224 0. 016133577 - 0. 007883816 - 0. 094392589 - 0. 090994194 - 0. 124374002 - 0. 02501224 - 0. 082508238 - 0. 108372283 - 0. 135252414 0. 046865623 0. 02595302 0. 024388856 - 0. 015861261 - 0. 108437097 0. 033930145 0. 036906004 0. 031619807 - 0. 118376892 - 0. 070316705 - 0. 093211401 - 0. 084849263 - 0. 164749665 - 0. 156065711 - 0. 09413725 - 0. 357931985 - 0. 36626271 - 0. 35621839 - 0. 116716007

21 0. 018671373 0. 021877957 - 0. 008867367 0. 004495757 0. 005972128 - 0. 006435006 - 0. 135510361 0. 094232925 0. 025926462 0. 039891911 - 0. 029278158 - 0. 006260416 - 0. 159156363 - 0. 169862991 - 0. 174358735 0. 009525549 - 0. 094854744 - 0. 095546619 - 0. 10298161 0. 019295008 - 0. 104469097 - 0. 121178054 - 0. 192894933 - 0. 097260216 - 0. 052047345 - 0. 048599847 - 0. 06007915 - 0. 137918897 0. 208893849 0. 201035081 0. 198844614 - 0. 003821666 - 0. 017680878 0. 005006325 - 0. 595801301 - 0. 625106492 - 0. 679312395 - 0. 20981856

22 0. 037041335 0. 038089593 0. 009523675 0. 004337388 0. 003098148 0. 000949683 - 0. 108946938 0. 056651942 0. 037042885 0. 027134525 0. 019023132 0. 018790025 - 0. 170047874 - 0. 185732051 - 0. 233000459 0. 025025091 - 0. 022410831 - 0. 044780288 - 0. 043519488 0. 038854368 - 0. 032555621 - 0. 027776091 - 0. 111016546 - 0. 07184414 0. 167994039 0. 166829194 0. 160572891 - 0. 12471294 - 0. 16974345 - 0. 194613433 - 0. 194327739 - 0. 090891372 - 0. 102946618 - 0. 108821788 - 0. 414345916 - 0. 376433697 - 0. 441718454 - 0. 169867843

24 0. 051463414 0. 025269802 0. 003490807 0. 03806128 0. 011623944 0. 006209004 - 0. 149900969 0. 142724249 0. 074385273 0. 085576926 0. 01089414 - 0. 004976901 - 0. 25625874 - 0. 259448959 - 0. 26860196 0. 030578475 - 0. 279105462 - 0. 290613239 - 0. 32892237 0. 047533402 - 0. 112929042 - 0. 108175228 - 0. 176435627 - 0. 063955091 - 0. 155291336 - 0. 158108176 - 0. 172259137 - 0. 10021108 0. 302552956 0. 318558384 0. 272161291 - 0. 002193144 - 0. 015966427 0. 042605901 - 0. 556485968 - 0. 592270613 - 0. 603922248 - 0. 147633828

25 0. 08845432 0. 059609157 0. 020501761 0. 038788913 0. 015543992 - 0. 029498479 - 0. 035962692 0. 227159001 0. 107793923 0. 155645272 - 0. 031190167 - 0. 025586108 - 0. 289960702 - 0. 315611427 - 0. 328861593 - 0. 002536032 - 0. 300836107 - 0. 30554238 - 0. 29718889 0. 015002737 - 0. 190039307 - 0. 200033073 - 0. 278434059 - 0. 113291927 0. 081237069 0. 082987048 0. 061714463 - 0. 093207473 0. 118128385 0. 118886039 0. 085075739 0. 073161388 0. 043163235 0. 065647747 - 0. 290870727 - 0. 268743881 - 0. 341840396 - 0. 119609037

26 0. 029775869 0. 028360912 0. 00268483 0. 029176481 0. 009189454 - 0. 014577151 - 0. 107204606 0. 1369793 0. 038368263 0. 073643008 0. 007823914 - 0. 001328646 - 0. 145714664 - 0. 181954997 - 0. 180904989 0. 01155931 - 0. 175769656 - 0. 200399713 - 0. 181847668 0. 029864295 - 0. 215862224 - 0. 219900416 - 0. 272923889 - 0. 051881748 - 0. 031688735 - 0. 025576949 - 0. 037370553 - 0. 088422181 0. 076032649 0. 141253852 0. 070202462 - 0. 03050808 - 0. 063238001 0. 02277101 - 0. 425027611 - 0. 443887086 - 0. 460130862 - 0. 123473043

27 0. 06915916 0. 033610498 0. 018579563 0. 005603848 0. 005841329 - 0. 005638514 - 0. 031515297 0. 128979144 0. 066498506 0. 051897096 0. 005777481 0. 024897397 - 0. 248651195 - 0. 273643315 - 0. 332368126 0. 013888061 - 0. 158635703 - 0. 166120113 - 0. 21401552 0. 029184211 - 0. 094098384 - 0. 105634818 - 0. 188690516 - 0. 062277223 0. 0025687 0. 006825949 - 0. 007068512 - 0. 071887202 0. 003988854 0. 107570726 0. 009126886 - 0. 055919473 - 0. 063095575 0. 018244661 - 0. 264408863 - 0. 241233913 - 0. 237912684 - 0. 082437682

28 0. 092591541 0. 062620209 0. 026019943 0. 029721806 0. 007083951 - 0. 007039184 0. 1834371 0. 171576597 0. 069746707 0. 052603327 0. 018125295 0. 012574437 - 0. 322551612 - 0. 326351218 - 0. 364259148 0. 016287927 - 0. 207979586 - 0. 208309478 - 0. 238408978 0. 005369614 - 0. 186243771 - 0. 192845972 - 0. 254560918 - 0. 06347706 0. 002771563 0. 002748209 - 0. 007228635 - 0. 094056206 0. 069126484 0. 013703803 0. 045067767 - 0. 081016881 - 0. 106817547 - 0. 023312874 - 0. 308056339 - 0. 329459755 - 0. 336722654 - 0. 102158744

29 0. 012682406 - 0. 000394661 0. 005235549 - 0. 009794626 0. 004556786 - 0. 004807735 - 0. 196110352 0. 124249576 0. 032904608 0. 069043276 0. 019180565 0. 013109213 - 0. 313231624 - 0. 306210375 - 0. 363270238 0. 050629038 - 0. 174117813 - 0. 1408958 - 0. 17731753 0. 044866472 - 0. 117672854 - 0. 116794391 - 0. 190314565 - 0. 054497481 0. 113692398 0. 113012381 0. 119991668 - 0. 099310553 - 0. 094926172 - 0. 222902478 - 0. 129937152 - 0. 181972985 - 0. 205886853 - 0. 184536568 - 0. 440561618 - 0. 438569402 - 0. 524504354 - 0. 149157973

30 - 0. 178833481 - 0. 112903256 0. 015684448 - 0. 140266165 - 0. 037528489 - 0. 051302431 0. 107928425 - 0. 33640177 - 0. 233250891 - 0. 114872391 - 0. 094696356 - 0. 035615887 0. 849777182 0. 859200093 0. 906690429 0. 016679319 0. 313610455 0. 331628631 0. 380948723 0. 215696882 0. 586021096 0. 625146879 0. 595499248 - 0. 014851254 0. 501912771 0. 503595868 0. 512854022 - 0. 084726359 - 0. 950388529 - 1. 048223947 - 1. 041127885 - 0. 482098077 - 0. 507066299 - 0. 464771336 - 0. 199168755 - 0. 168601138 - 0. 253110302 - 0. 153544024

31 - 0. 071919541 - 0. 073991243 0. 011846858 - 0. 08143309 - 0. 021003719 - 0. 101403345 0. 260404168 - 0. 066932275 - 0. 073528754 - 0. 020523045 - 0. 096834209 - 0. 010550912 0. 581759906 0. 602919127 0. 604731779 - 0. 145475782 0. 244662302 0. 2600869 0. 309964151 0. 017852669 0. 264692428 0. 330668509 0. 353153272 - 0. 072353441 - 0. 002596645 - 0. 0023665 0. 020092882 0. 002966483 - 0. 147048903 - 0. 259062141 - 0. 135673522 - 0. 142341788 - 0. 131767516 - 0. 111329634 0. 014494221 0. 007393396 - 0. 022712092 0. 020755555

32 0. 060999011 0. 039512877 0. 022595786 0. 004808957 0. 004921089 - 0. 0168442 - 0. 20476096 0. 275888972 0. 111858855 0. 14271115 - 0. 026516078 - 0. 009442599 - 0. 345476518 - 0. 363576894 - 0. 321532831 0. 024363713 - 0. 414063437 - 0. 4221166 - 0. 407409097 0. 051978719 - 0. 337966554 - 0. 333778215 - 0. 431975859 - 0. 036789186 - 0. 143898561 - 0. 134908173 - 0. 136593304 - 0. 043792843 0. 12480445 0. 07308235 0. 085075739 - 0. 087973844 - 0. 097480762 - 0. 016389785 - 0. 458301901 - 0. 435962692 - 0. 504456518 - 0. 106711937

33 0. 06679432 0. 02473237 0. 047660089 - 0. 018267913 - 0. 005845014 - 0. 158915078 - 0. 004735039 0. 297970082 0. 107924118 0. 21459436 - 0. 142836945 - 0. 064639208 - 0. 043943008 - 0. 037799115 - 0. 048971842 - 0. 007585625 - 0. 467565306 - 0. 43448851 - 0. 366832159 0. 189443059 - 0. 285740275 - 0. 239964903 - 0. 239245089 - 0. 050455951 0. 050942757 0. 054294137 0. 070590142 - 0. 142361354 - 0. 405266293 - 0. 586493212 - 0. 392971558 - 0. 412207557 - 0. 39594722 - 0. 556406888 - 0. 935042318 - 0. 868766445 - 1. 067450461 - 0. 373351094

34 0. 052793521 - 0. 005652879 0. 067351716 - 0. 107501943 - 0. 029395179 - 0. 120863842 - 0. 019180025 0. 109559854 0. 005436615 0. 138148291 - 0. 10101632 - 0. 05337561 0. 269741101 0. 304215095 0. 336759805 - 0. 08343844 - 0. 091420633 - 0. 080856861 - 0. 033227743 0. 153312852 0. 044198364 0. 065042267 0. 111433389 - 0. 060917352 0. 220457265 0. 220236537 0. 212835292 - 0. 062068036 - 0. 35053356 - 0. 454849206 - 0. 392971558 - 0. 218887967 - 0. 220573879 - 0. 230966473 - 0. 013634604 - 0. 002777793 - 0. 04015652 - 0. 065719257

35 0. 022203156 0. 032094142 - 0. 021742243 0. 057038081 0. 011810518 - 0. 132067686 0. 046644252 0. 022369026 0. 010091235 - 0. 003895534 0. 034565193 0. 030958385 - 0. 083201406 - 0. 090264439 - 0. 121456079 - 0. 015206426 0. 025934672 0. 018102164 - 0. 004445149 0. 082311939 - 0. 131732618 - 0. 141107795 - 0. 242955283 - 0. 082057887 0. 057933767 0. 053981315 0. 048832149 - 0. 140825865 - 0. 226392335 - 0. 3497325 - 0. 280668588 - 0. 291336157 - 0. 304904649 - 0. 376103 - 0. 821740495 - 0. 788768888 - 0. 941641536 - 0. 30439735

36 0. 092333901 0. 061851316 0. 03499509 0. 00247865 0. 003452154 - 0. 119667847 - 0. 089489163 0. 132591577 0. 078156073 0. 036266206 0. 057743964 0. 018044136 - 0. 234337065 - 0. 253565452 - 0. 303305867 0. 020647129 - 0. 132011735 - 0. 185565144 - 0. 140381404 0. 090318438 - 0. 117359788 - 0. 151351805 - 0. 189916955 - 0. 102382236 - 0. 046991258 - 0. 043991112 - 0. 052503119 - 0. 149753305 - 0. 088734338 - 0. 112929636 - 0. 068298086 - 0. 274121222 - 0. 243532451 - 0. 266891042 - 0. 946044989 - 0. 89399065 - 1. 089753786 - 0. 342663116

37 0. 079100116 0. 030803985 0. 041135497 - 0. 0114442 - 0. 004157769 - 0. 100172355 - 0. 052580683 0. 172247818 0. 099857607 0. 104029605 0. 00817096 - 0. 042001977 - 0. 414013468 - 0. 394955492 - 0. 428350993 0. 079501066 - 0. 25339833 - 0. 283968505 - 0. 24965377 0. 122319837 - 0. 17033222 - 0. 16759179 - 0. 19516039 - 0. 061584935 - 0. 110173725 - 0. 105542517 - 0. 089238637 - 0. 104703721 - 0. 238336655 - 0. 40538053 - 0. 268013287 - 0. 448178762 - 0. 446307307 - 0. 486624035 - 1. 030761198 - 1. 005127364 - 1. 184944538 - 0. 359096149

38 - 0. 050085523 - 0. 03910064 - 0. 019952369 - 0. 035190933 - 0. 009398099 - 0. 108400936 0. 006158977 - 0. 075930283 - 0. 019180351 - 0. 105970251 0. 094416399 0. 08404034 0. 068683489 0. 07377543 0. 043580442 0. 009089217 0. 094824274 0. 101275634 0. 115725195 0. 102340351 0. 158081305 0. 17725566 0. 199488474 - 0. 080872212 0. 136896044 0. 153680572 0. 160215792 - 0. 097873756 - 0. 649951389 - 0. 903834037 - 0. 660133849 - 0. 5302695 - 0. 519873786 - 0. 649659853 - 0. 858307551 - 0. 853485171 - 1. 112091848 - 0. 445402949

39 0. 041598594 0. 048188268 0. 015656414 0. 027262597 0. 006574514 - 0. 139309682 0. 061966757 0. 05204488 0. 011513433 2. 41512E- 05 0. 057987537 0. 055912549 - 0. 089025194 - 0. 097844533 - 0. 117136153 0. 033136823 0. 050555403 0. 061191934 0. 109965072 0. 083993268 0. 02819472 0. 034284856 0. 007865003 - 0. 063016844 - 0. 344630628 - 0. 335302481 - 0. 328258772 - 0. 090082943 - 0. 194461846 - 0. 251757341 - 0. 179439114 - 0. 500449012 - 0. 473652122 - 0. 522433322 - 1. 301036557 - 1. 279824944 - 1. 477956763 - 0. 386679181

40 0. 061528766 0. 049691558 0. 009323064 0. 01812598 0. 004892678 - 0. 057996069 - 0. 085094425 0. 226101408 0. 122683194 0. 137878814 0. 038557828 0. 002248159 - 0. 215751349 - 0. 228007815 - 0. 228764468 - 0. 000820678 - 0. 239988702 - 0. 225830635 - 0. 221766927 0. 07628664 - 0. 311624202 - 0. 301871526 - 0. 371371345 - 0. 051621775 - 0. 062620153 - 0. 067109745 - 0. 040787716 - 0. 09839719 - 0. 401424226 - 0. 488796538 - 0. 424222492 - 0. 567533927 - 0. 582358664 - 0. 506086211 - 1. 077176703 - 1. 063649107 - 1. 245507348 - 0. 389150914

41 - 0. 182266788 - 0. 12046577 - 0. 067233819 - 0. 064023488 - 0. 021118649 - 0. 002602848 0. 18786249 - 0. 1466136 - 0. 032498255 - 0. 135070892 0. 132536075 0. 146574446 0. 662493742 0. 644760628 0. 615367842 - 0. 052845985 0. 326561484 0. 322740605 0. 377603006 0. 106095091 0. 484610164 0. 506556328 0. 55479198 - 0. 090103979 0. 399139548 0. 401131414 0. 437151662 - 0. 096539487 - 1. 187828753 - 1. 454849206 - 1. 176479738 - 0. 841206846 - 0. 787041155 - 0. 903420454 - 0. 843579969 - 0. 771711265 - 1. 111930499 - 0. 456155192

42 0. 133838054 0. 080669424 0. 048796411 0. 022371722 0. 006394104 - 0. 112598377 - 0. 281461749 0. 268538178 0. 150301635 0. 135895971 0. 034255737 0. 006649124 - 0. 333610611 - 0. 365516877 - 0. 342364959 0. 00699169 - 0. 414379465 - 0. 454030626 - 0. 407410932 0. 108909564 - 0. 237042502 - 0. 224304737 - 0. 224216217 - 0. 074325702 - 0. 055347585 - 0. 050073025 - 0. 053227678 - 0. 087233504 - 0. 238336655 - 0. 446485733 - 0. 153020765 - 0. 284299131 - 0. 23735399 - 0. 41465136 - 0. 661487738 - 0. 592070122 - 0. 786134567 - 0. 280769939

43 - 0. 078301026 - 0. 074763003 0. 012120892 - 0. 101807732 - 0. 02253136 - 0. 149374943 0. 171265463 - 0. 06437419 - 0. 083197533 0. 036783259 - 0. 063044651 - 0. 008167316 0. 499066571 0. 552864557 0. 54545704 - 0. 138352168 0. 085064901 0. 10519073 0. 132733421 0. 109849713 0. 270328306 0. 281986464 0. 303665708 - 0. 101408004 0. 07758782 0. 085428841 0. 102213201 - 0. 058712735 - 0. 510998232 - 0. 783081878 - 0. 560322616 - 0. 611213721 - 0. 573691496 - 0. 75498533 - 1. 173803659 - 1. 131148062 - 1. 40480143 - 0. 472814427

44 - 0. 15043597 - 0. 123652322 - 0. 043653766 - 0. 084974062 - 0. 023259574 - 0. 09687582 0. 143364147 - 0. 207013067 - 0. 142148279 - 0. 088014179 0. 006356192 0. 066076341 0. 809727999 0. 7967232 0. 717195905 - 0. 171042255 0. 372998173 0. 405857447 0. 416627317 0. 116843038 0. 416113945 0. 424217205 0. 437147699 - 0. 109067253 0. 146793877 0. 150598186 0. 154188817 - 0. 06089168 - 0. 563695655 - 0. 671660595 - 0. 544974651 - 0. 444361164 - 0. 440341265 - 0. 51447016 - 0. 592534645 - 0. 596544689 - 0. 608815346 - 0. 253317255
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Most of the metabolites from Alangium villosum subsp. tomentosum (F.Muell.) 

Bloemb did not exhibit alterations to nuclear and cellular parameters at 10 μM suggesting 

that those natural products are not very cytotoxic to the hONS cell model of Parkinson’s 

disease. In our assay, the tubulosine congeners 1-11 displayed moderate phenotypic 

perturbation on the α-tubulin and EEA-1 related parameters while only had slight effects 

on the lysosome related parameters (Figure 7). None of the three emetine alkaloids 13-15, 

and eight tetrahydroisoquinoline monoterpene glycosides 16-23, another two types of 

tetrahydroisoquinoline skeleton alkaloids, showed similar phenotypic profile to tubulosine 

congeners, indicating the changing of the indole moiety in the molecules abolished the 

phenotypic effects. The triterpenoid type metabolites 37-44 showed moderate effects on 

EEA-1 related parameters and much weaker perturbation on the α-tubulin related 

cytological parameters compared to the tubulosine congeners 1-11. 

A number of bioactive compounds and drugs were tetrahydroisoquinoline skeleton 

alkaloids.77,78 Endogenous neurotoxic tetrahydroisoquinoline derivatives such as 

norsalsolinol continue to be investigated as possible causes for some conditions such as 

Parkinson's disease.79-84 As tetrahydroisoquinoline alkaloids, tubulosine congeners 1-11 

have moderate effects on α-tubulin in cells from Parkinson’s disease patients, while 

emetine and alangiside analogues 13-23 showed slight effects, suggesting that these 

compounds may be used as important tools to probe the mechanism and to identify 

molecular targets for Parkinson’s disease. 
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EXPERIMENTAL SECTION 

General Experimental Procedures. Optical rotations were recorded on a JASCO 

P-1020 polarimeter (10 cm cell). IR, UV and circular dichroism spectra were required on 

a Bruker Tensor 27 spectrophotometer, a CAMSPEC M501 UV/vis spectrophotometer and 

a JASCO J-720 spectropolarimeter, respectively. A free and open source software SDAR 

was used for the analysis and processing of UV and CD data.85 NMR spectra were recorded 

in DMSO-d6 (δH 2.50 and δC 39.5) or CD3OD (δH 3.31 and δC 49.2) at 30 ºC on a Varian 

Unity INOVA 600 MHz spectrometer equipped with a triple-resonance cryoprobe or at 25 

ºC on a Bruker Avance HDX 800 MHz spectrometer equipped with a TCI cryoprobe. The 

low-resolution mass spectrum (LRESIMS) was recorded on a Mariner time of flight (TOF) 

bio-spectrometer equipped with a Gilson 215 eight probe injector and a Waters LCMS 

system equipped with a Luna C18 column (3 μm, 100 Å, 50 × 4.6 mm), a PDA detector, 

and a ZQ ESI mass spectrometer. The high-resolution mass spectrum (HRESIMS) was 

recorded on a Bruker Daltonics SolariX 12 T Fourier transform mass spectrometer. An 

Edwards Instrument Company Bioline orbital shaker was used for extraction. The HPLC 

system included a Waters 600 pump fitted with a 996 photodiode array detector and Gilson 

FC204 fraction collector. A ThermoElectron Betasil C18 column (5 μm, 21.2 × 150 mm) 

and a Phenomenex Luna C18 column (5 μm, 10 × 250 mm) were used for semipreparative 

HPLC. All solvents used for extraction, chromatography, [α]D, IR, UV, CD and MS were 

Lab-Scan HPLC grade, and the H2O was Millipore Milli-Q PF filtered. 

Plant Material. The plant material of Alangium villosum subsp. tomentosum (F. 

Muell.) Bloemb was collected from Kilkivan, Queensland, Australia. Collection and 

taxonomic identification were undertaken by P. I. Forster from the Queensland Herbarium. 



204 

 

A voucher specimen (AQ606931) has been deposited at the Queensland Herbarium, 

Brisbane, Australia. 

Extraction and Isolation. The air-dried and ground plant of A. villosum (20 g) was 

sequentially extracted with n-hexane (250 mL) for 2 h at room temperature. The hexane 

extract was filtered under gravity and discarded. Then 250 mL of CH2Cl2 was added to the 

biota and extracted for 2 h. The CH2Cl2 extract was filtered, and the biota was further 

extracted with two lots of 250 mL of methanol for 2 h and overnight, successively. All 

CH2Cl2 and MeOH extracts were combined and dried to afford the crude extract. The crude 

extract was fractionated using C18 bonded silica flash column. Four fractions were collected 

by eluting with stepwise gradients with 0.1% TFA (10% MeOH/90% H2O, 50% MeOH 

/50% H2O, 90% MeOH/10% H2O and MeOH, respectively). A portion of 50% MeOH/50% 

H2O fraction was pre-adsorbed onto cotton and packed dry into a stainless steel cartridge 

(10 × 30 mm). This cartridge was subsequently chromatographed by HPLC (gradient 

MeOH/H2O with 0.1% TFA) using a semipreparative reversed phase Betasil C18 column 

(21.2 mm × 150 mm). Initial isocratic conditions of 20% MeOH were used for 10 min then 

a linear gradient from 20 to 70% MeOH was performed over 40 min and continued isocratic 

for 10 min at a flow rate of 9 mL/min. Sixty fractions were collected by 1 min increments 

over 60 min to afford tubulosine Nβ
5-oxide (1, 1.6 mg, 0.008% dry wt), isotubulosine Nα5-

oxide (2, 0.4 mg, 0.002% dry wt), 9-demethyltubulosine Nβ
5-oxide (3, 0.8 mg, 0.004% dry 

wt), 9-demethylisotubulosine Nα5-oxide (4, 0.4 mg, 0.002% dry wt), 1',2'-dehydro-9-

demethyltubulosine (10, 0.4 mg, 0.002% dry wt), 7',9-O-didemethylcephaeline (13, 0.8 mg, 

0.004% dry wt), 7',9-O-didemethylisocephaeline (14, 1.2 mg, 0.006% dry wt), 7',9-

didemethylpsychotrine (15, 0.4 mg, 0.002% dry wt), along with tubulosine and its 
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analogues (5-9, 11 and 12). The 90% MeOH/10% H2O fraction was chromatographed by 

HPLC (gradient MeOH/H2O with 0.1% TFA) using the same semipreparative C18 column 

eluting with 20% MeOH/80% H2O to 70% MeOH/30% H2O, which led to the isolation of 

eight tetrahydroisoquinoline monoterpene glycosides (16-23), six lignan glycosides (24-

29), one iridoid glycoside (30), one secoiridoid glycoside (31) and one monoterpene 

alkaloid (32). Purification of the MeOH fraction using the same semipreparative C18 

column eluting with 60% MeOH/40% H2O to 100% MeOH resulted in the isolation of two 

sesquiterpenoids (33 and 34), one sesquiterpenoid naphthol (35) and its glycoside (36), and 

eight triterpenoids (37-44). 

Tubulosine Nβ
5-oxide (1): yellowish powder; [𝛼]D

25  +11.0 (c 0.100, CH3OH); 

UV/Vis 𝜆max
MeOH nm (log ε): 205 (4.31), 229 (3.89), 258 (3.51), 279 (3.53), 314 (3.24), 370 

(3.06) nm; IR (null): 3420, 2994, 1683, 1515, 1206, 1179, 1033 cm-1; 1H and 13C NMR 

data (DMSO-d6), Tables 1 and 2; (+)-LRESIMS m/z 492 (100) [M+H]+; (+)-HRESIMS 

m/z 492.2856 (C29H38N3O4 [M+H]+ requires 492.2857). 

Isotubulosine Nα
5-oxide (2): yellowish powder; [𝛼]D

25 +12.0 (c 0.050, CH3OH); 

UV/Vis 𝜆max
MeOH nm (log ε): 204 (4.32), 226 (3.88), 258 (3.47), 279 (3.47), 312 (3.15), 366 

(2.89); IR (null): 3436, 3000, 1690, 1525, 1442, 1203, 1190, 1025, 1000 cm-1; 1H and 13C 

NMR data (DMSO-d6), Tables 1 and 2; (+)-LRESIMS m/z 492 (100) [M+H]+; (+)-

HRESIMS m/z 492.2855 (C29H38N3O4 [M+H]+ requires 492.2857). 

9-Demethyltubulosine Nβ
5-oxide (3): yellowish powder; [𝛼]D

25  +14.0 (c 0.099, 

CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 203 (4.27), 221 (3.88), 258 (3.43), 278 (3.43), 311 

(3.13), 369 (2.97); IR (null): 3376, 2979, 1684, 1526, 1471, 1203, 1175, 1026, 1000 cm-1; 



206 

 

1H and 13C NMR data (DMSO-d6), Tables 1 and 2; (+)-LRESIMS m/z 478 (100) [M+H]+; 

(+)-HRESIMS m/z 478.2715 (C29H38N3O4 [M+H]+ requires 478.2700). 

9-Demethylisotubulosine Nα
5-oxide (4): yellowish powder; [𝛼]D

25 +14.0 (c 0.074, 

CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 203 (4.27), 221 (3.88), 258 (3.43), 278 (3.43), 311 

(3.13), 369 (2.97); IR (null): 3376, 2979, 1684, 1526, 1471, 1203, 1175, 1026, 1000 cm-1; 

1H and 13C NMR data (DMSO-d6), Tables 1 and 2; (+)-LR-ESI-MS m/z 478 (100) [M+H]+; 

(+)-HRESIMS m/z 478.2698 (C29H38N3O4 [M+H]+ requires 478.2700). 

1',2'-Dehydro-9-demethyltubulosine (10): yellowish powder; [𝛼]D
25  +13.7 (c 

0.044, CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 230 (3.80), 283 (3.39), 375 (3.44); IR (null): 

3440, 2981, 1686, 1522, 1441, 1202, 1181, 1023, 1000 cm-1; 1H and 13C NMR data 

(DMSO-d6), Tables 1 and 2; (+)-LRESIMS m/z 478 (100) [M+H]+; (+)-HRESIMS m/z 

460.2596 (C28H34N3O3 [M+H]+ requires 460.2595). 

7',9-O-didemethylcephaeline (13): yellowish powder; [𝛼]D
25  +11.7 (c 0.085, 

CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 206 (4.37), 230 (3.66), 288 (3.39); IR (null): 3237, 

3000, 1677, 1533, 1468, 1204, 1179 cm-1; 1H and 13C NMR data (DMSO-d6), Table 3; (+)-

LRESIMS m/z 439 (100) [M+H]+; (+)-HRESIMS m/z 439.2597 (C26H35N2O4 [M+H]+ 

requires 439.2591). 

7',9-O-didemethylisocephaeline (14): yellowish powder; [𝛼]D
25  +12.2 (c 0.180, 

CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 203 (4.34), 230 (3.99), 285 (3.64); IR (null): 3446, 

3000, 1685, 1533, 1468, 1204, 1179, 1028, 1000 cm-1; 1H and 13C NMR data (DMSO-d6), 
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Tables 3; (+)-LRESIMS m/z 439 (100) [M+H]+; (+)-HRESIMS m/z 439.2610 (C26H35N2O4 

[M+H]+ requires 439.2591). 

7',9-Didemethylpsychotrine (15): yellowish powder; [𝛼]D
25  +11.5 (c 0.085, 

CH3OH); UV/Vis 𝜆max
MeOH nm (log ε): 203 (4.34), 230 (3.82), 282 (3.36), 369 (3.55); IR 

(null): 3376, 2941, 1680, 1445, 1318, 1203, 1175 cm-1; 1H and 13C NMR data (DMSO-d6), 

Tables 3; (+)-LRESIMS m/z 437 (100) [M+H]+; (+)-HRESIMS m/z 437.2436 (C26H35N2O4 

[M+H]+ requires 437.2435). 

Biological Assay. Compounds were transferred into two optically clear bottom 

CellCarrier 384-well plates (PerkinElmer). hONS cells from the Parkinson’s disease cell 

line C1 200 08 0013 were added to each well at a density of 1,350 cells per well in 50 μL 

of growth medium (DMEM/F12, 10% FBS) leading to a final concentration of 10 μM (0.6% 

DMSO) for each compound. 0.6% DMSO was used as negative control. The cells were 

incubated for 24 h at 37 oC under 5% CO2. 

Cell Staining. After 24 h of incubation, the medium was aspirated and one 384-

well plate was treated with MitoTracker Orange CMTMRos (Invitrogen) (400 nM) for 30 

min at 37 oC under 5% CO2. The second 384-well plate was treated with LysoTracker Red 

DND-99 (Invitrogen) (100 nM) for 1 h at 37 oC under 5% CO2. Cells were fixed in 4% 

paraformaldehyde for 5 min at room temperature (rt). Cells were washed twice with 

phosphate-buffered saline (PBS, Sigma-Aldrich) and treated with 3% goat serum (Sigma-

Aldrich) and 0.2% Triton X-100 (Sigma-Aldrich) in PBS for 45 min at rt. Plates were 

incubated with primary antibodies. Mouse anti-α-tubulin 1/4000 (Sigma-Aldrich) and 

rabbit anti-LC3b 1/335 (Sigma-Aldrich) were added to the plate already treated with 
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MitoTracker and mouse anti-EEA1 1/200 (Sigma-Aldrich) was added to the plate 

previously treated with LysoTracker. Plates were incubated at rt for 1 h then washed twice 

with PBS. Secondary antibodies goat anti-mouse Alexa-647 1/500 (Invitrogen) and goat 

anti-rabbit Alexa-488 1/500 (Invitrogen) were added to the first plate and goat anti-mouse 

Alexa-488 1/500 (Invitrogen) was added to the second plate for 30 min at rt. Cells were 

washed twice with PBS and stained with 4',6'-diamidino-2-phenylindole 1/5000 (Dapi, 

Invitrogen) and with CellMask Deep Red 1/5000 (Invitrogen) for the plate treated with 

LysoTracker and incubated for 10 min at rt. Cells were washed twice with PBS and plates 

were stored in the dark at 4 oC with 25 μL of PBS/well. 

Imaging and Image Analysis Plates were imaged automatically using Operetta 

(PerkinElmer), a high content imaging system using a 20× high numerical aperture 

objective lens. Six images per well for each wavelength were collected. Individual cell 

segmentation was done using the Harmony software and measurements for each cell were 

performed generating 38 parameters from six dyes: Dapi, α-tubulin staining, MitoTracker 

Orange CMTMRos, LC3b staining, LysoTracker Red DND-99 and EEA1 staining. The 

normality of the data was checked for each parameter and a log2 transform was made when 

required in order to perform a t-test to identify significant changes when compared to 

DMSO. The log2 compound/DMSO ratio was clustered using Cluster 3.0 software 

(uncentered correlation and centroid linkage) and analyzed using Java TreeView. 
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Figure S1. 1H NMR spectrum of compound 1 in DMSO-d6 
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Figure S2. COSY spectrum of compound 1 in DMSO-d6 
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Figure S3. HSQC spectrum of compound 1 in DMSO-d6 



222 

 

 

Figure S4. HMBC spectrum of compound 1 in DMSO-d6 
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Figure S5. ROESYspectrum of compound 1 in DMSO-d6 
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Figure S6. 1H NMR spectrum of compound 2 in DMSO-d6 
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Figure S7. COSY spectrum of compound 2 in DMSO-d6 
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Figure S8. HSQC spectrum of compound 2 in DMSO-d6 
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Figure S9. HMBC spectrum of compound 2 in DMSO-d6 
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Figure S10. ROESYspectrum of compound 2 in DMSO-d6 
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Figure S11. 1H NMR spectrum of compound 3 in DMSO-d6 
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Figure S12. COSY spectrum of compound 3 in DMSO-d6 
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Figure S13. HSQC spectrum of compound 3 in DMSO-d6 
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Figure S14. HMBC spectrum of compound 3 in DMSO-d6 
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Figure S15. ROESYspectrum of compound 3 in DMSO-d6 
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Figure S16. 1H NMR spectrum of compound 4 in DMSO-d6 
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Figure S17. COSY spectrum of compound 4 in DMSO-d6 
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Figure S18. HSQC spectrum of compound 4 in DMSO-d6 
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Figure S19. HMBC spectrum of compound 4 in DMSO-d6 
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Figure S20. ROESYspectrum of compound 4 in DMSO-d6 
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Figure S21. 1H NMR spectrum of compound 10 in DMSO-d6 
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Figure S22. COSY spectrum of compound 10 in DMSO-d6 
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Figure S23. HSQC spectrum of compound 10 in DMSO-d6 
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Figure S24. HMBC spectrum of compound 10 in DMSO-d6 
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Figure S25. ROESYspectrum of compound 10 in DMSO-d6 
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Figure S26. 1H NMR spectrum of compound 13 in DMSO-d6 
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Figure S27. COSY spectrum of compound 13 in DMSO-d6 



246 

 

 

Figure S28. HSQC spectrum of compound 13 in DMSO-d6 
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Figure S29. HMBC spectrum of compound 13 in DMSO-d6 
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Figure S30. ROESYspectrum of compound 13 in DMSO-d6 
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Figure S31. 1H NMR spectrum of compound 14 in DMSO-d6 



250 

 

 

Figure S32. COSY spectrum of compound 14 in DMSO-d6 
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Figure S33. HSQC spectrum of compound 14 in DMSO-d6 
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Figure S34. HMBC spectrum of compound 14 in DMSO-d6 
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Figure S35. ROESYspectrum of compound 14 in DMSO-d6 
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Figure S36. 1H NMR spectrum of compound 15 in DMSO-d6 
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Figure S37. COSY spectrum of compound 15 in DMSO-d6 
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Figure S38. HSQC spectrum of compound 15 in DMSO-d6 
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Figure S39. HMBC spectrum of compound 15 in DMSO-d6 
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Figure S40. ROESYspectrum of compound 15 in DMSO-d6 
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Figure S41. HPLC chromatogram of lead-like enhanced extract of the Australian plant 

Alangium villosum and compounds isolated from different lead-like enhanced fractions 
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Table S1. The drug- and lead-like physicochemical properties 

 

The drug- and lead-like physicochemical properties of these 44 natural products were 

calculated using Instant JChem (version 15.10.26.0). The parameters including molecular 

weight (MW), log P, number of hydrogen bond acceptors (HBA), and number of hydrogen 

bond donors (HBD) were analyzed against Lipinski’s rule-of-five (Table S1 and Figure S42). 

Table S1. Physicochemical Profiling of Isolated Natural Products 1-44 from Alangium villosum. 

Compound 
Physicochemical parametersa 

MW log P HBA HBD No. of Violations 

1 493.65 2.81 4 4 0 

2 493.65 2.81 4 4 0 

3 479.62 2.61 4 5 0 

4 479.62 2.61 4 5 0 

5 477.65 3.86 3 4 0 

6 477.65 3.86 3 4 0 

7 463.62 3.55 3 5 0 

8 463.62 3.55 3 5 0 

9 461.65 4.82 2 3 0 

10 461.61 4.02 3 5 0 

11 475.63 4.22 3 4 0 

12 306.43 2.30 3 3 0 

13 440.58 3.46 4 5 0 

14 440.58 3.46 4 5 0 

15 438.57 3.62 4 5 0 

16 491.49 -0.65 10 6 1 

17 505.52 -0.51 10 5 1 

18 505.52 -0.51 10 5 1 

19 697.69 1.76 13 6 3 

20 524.54 -2.81 11 7 3 

21 524.54 -2.81 11 7 3 

22 524.54 -0.50 10 7 3 

23 524.54 -2.81 11 7 3 

24 522.55 0.01 11 7 3 

25 522.55 0.01 11 7 3 

26 552.57 -0.15 12 7 3 

27 552.57 -0.15 12 7 3 

28 582.60 -0.31 13 7 3 

29 582.60 -0.31 13 7 3 

30 376.36 -2.22 10 6 1 

31 358.34 -1.13 8 4 0 

32 470.43 -3.12 11 6 2 
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33 246.31 3.29 3 2 0 

34 260.33 3.93 3 1 0 

35 230.31 4.63 2 2 0 

36 554.59 0.09 12 8 3 

37 634.85 7.79 6 4 2 

38 618.86 8.09 5 3 2 

39 472.71 5.36 4 3 1 

40 456.71 6.64 3 2 1 

41 442.73 6.17 2 2 1 

42 458.68 5.52 4 2 1 

43 454.70 7.20 3 1 1 

44 440.71 6.73 2 1 1 

The results (Table S1 and Figure S42) suggested that the majority of isolated natural products 

obeyed Lipinski’s rule-of-five in terms of log P < 5 (81.8%), MW < 500 Da (63.6%), HBA < 

10 (72.7%) and HBD < 5 (65.9%). 

 

Figure S42. Physicochemical property histograms (MW, log P, HBD, and HBA) for compounds isolated 

from Alangium villosum. In each case the orange line indicates the maximum desirable value for oral 

bioavailability defined by Lipinski’s rule-of-five: MW < 500 Da; log P < 5, HBA < 10 and HBD < 5. 
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Figure S43. Heat map depicting the cytological profile of metabolites from Alangium villosum 

(AQ606931) at 10 μM on 38 parameters on the basis of the log2 ratio of compound and vehicle 

(DMSO). The effects of compounds were plotted as log2 ratio to the DMSO control. Yellow 

shows a decrease versus vehicle and blue shows an increase versus vehicle. Individual 

compounds are presented on the y-axis with individual features on the x-axis. 1. Nucleus area 

(µm²) 2. Nucleus morphology width (µm) 3. Nucleus morphology length (µm) 4. Nucleus 

morphology ratio width to length 5. Nucleus morphology roundness 6. Nucleus marker texture 

index 7. Nucleus marker intensity 8. Cell area (µm²) 9. Cell width (µm) 10. Cell length (µm) 

11. Cell ratio width to length 12. Cell roundness 13. α-Tubulin marker intensity in the 

cytoplasm 14. α-Tubulin marker intensity in outer region of cytoplasm 15. α-Tubulin marker 

intensity in inner region of cytoplasm 16. α-Tubulin marker texture index 17. Mitochondria 

marker intensity in the cytoplasm 18. Mitochondria marker intensity in outer region of 

cytoplasm 19. Mitochondria marker intensity in inner region of the cytoplasm 20. Mitochondria 

marker texture index 21. LC3b marker intensity in the cytoplasm 22. LC3b marker intensity in 

the outer region of the cytoplasm 23. LC3b marker intensity in inner region of cytoplasm 24. 

LC3b marker texture index 25. Lysosome marker intensity mean 26. Lysosome marker 

intensity outer region mean 27 Lysosome marker intensity inner region mean 28. Lysosome 

marker texture index. 29. Number of EEA1 marker spots in cytoplasm 30. Number of EEA1 

marker spots in inner region of cytoplasm 31. Number of EEA1 marker spots in outer region 

of cytoplasm 32. Number of EEA1 marker spots per Area of cytoplasm 33. EEA1 marker 

intensity in outer region of cytoplasm 34 EEA1 marker intensity in inner region of cytoplasm 

35. EEA1 marker intensity in the cytoplasm 36. Number of EEA1 marker spots per area of 

outer region 37 Number of EEA1 marker spots per Area of inner region of cytoplasm 38. EEA1 

marker texture index.
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Chapter Five. Conclusion: physicochemical properties and ChemGPS 

analysis of natural product chemical probes  

In many cases, natural product research stops when new structures and their associated 

biological activities are published. We have developed a strategy to prioritize these molecules 

for further evaluation. Chemical investigation of three selected biota samples following a HTS 

assay resulted in the isolation of 103 natural products (13 series) which perturbed Parkinson’s 

disease patient derived hONS cells. We conducted further analysis to evaluate the drug-like 

properties and chemical space as well as the cytological profiling of these secondary 

metabolites. By a combined strategy using cytological profiling, Ro5 and ChemGPS analysis, 

three series of natural products were identified as ideal chemical probes to further investigate 

Parkinson’s disease. They also can be used as lead compounds for future PD-drug development. 

(Figure 5.1).  

5.1 Isolation of the natural products  

A preliminary chemical analysis was conducted on the seven selected fractions using 

LC-MS and 1H NMR spectroscopy. On the basis of the HPLC retention time, UV chromophore, 

MS and 1H NMR spectroscopic data, Jaspis splendens (subject 1) showed three series of 

secondary metabolites including peptides, nucleosides and indole alkaloids. Gloriosa superba 

(subject 2) showed the presence of colchicine and lumicolchicine alkaloids, flavone glycosides, 

nucleosides and phenolic glycosides. There were evidence to suggest the presence of 

benzoquinolizidine alkaloids, tetrahydroisoquinoline-monoterpene alkaloids, terpenoids and 

simple aromatic structural classes in Alangium villosum (subject 3).  
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Figure 5.1 An overview of the project including the subject selection of hit fractions from the 

constructed Nature Bank LLE fraction library following a HTS assay, natural products isolated from 

three selected biota samples, the structure classes from each biota samples, the structure classes from 

each biota, Lipinski’s rule of five and ChemGPS-NP principle component analysis and cytological profiling 

of the isolated compounds by a HCS assay. 
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The large scale isolation and purification was subsequently carried out on the three 

selected biota samples. Chemical investigation of the marine sponge Jaspis splendens (50 g) 

resulted in the isolation of 22 natural products (1-1 to 1-22) as well as 39 secondary metabolites 

(2-1 to 2-39) from Gloriosa superba L. (20 g) and 44 compounds (3-1 to 3-44) from Alangium 

villosum (20 g), respectively. As an example, the 39 natural products isolated from Gloriosa 

superba L. were distributed in each lead-like enhanced fraction of the HPLC chromatogram 

(Figure 5.2).  

 

Figure 5.2 Chemical structures of the 39 natural products isolated from Gloriosa superba L. as well as 

their distributions in different LLE fractions as shown in the HPLC chromatogram. 

Further analysis showed that the isolated compounds were distributed across all five 

lead-like enhanced fractions, with more than 75% originating from the relatively polar fractions 

1 to 3 (Figure 5.3). 
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Figure 5.3 Bar chart depicting number of natural products in five LLE fractions 

5.2 Physicochemical properties of isolated natural products  

Neurodegenerative diseases such as PD, AD, HD, and others share common features at 

cellular and subcellular levels. The diseases also share common molecular signaling pathways 

that may lead to apoptosis, necroptosis, and inflammation.1 Compounds with neuroprotective 

properties must possess certain physicochemical properties to allow brain penetration and 

exposure. Herein, we analyzed the four Lipinski’s properties including MW, log P, HBA and 

HBD of the isolated 103 secondary metabolites (Table 1 and Figure 4). We then compared the 

set of data with that of the anti-PD compounds (drugs and candidates in clinical or preclinical 

trials) to evaluate the likelihood of the isolated natural products being useful anti-PD chemical 

probes and drug candidates. The drug- and lead-like physical and chemical properties of these 

isolated natural products were calculated using Instant JChem (version 15.10.26.0).2 
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Table 5.1 Physicochemical profiling of the 103 isolated natural products 

Compounds MW Log P HBA HBD Number of violations In Figure 7 

1-1 191.19 -0.46 5 1 0  

1-2 461.11 4.40 2 3 0  

1-3 201.26 -3.19 2 1 0  

1-4, 2-18 283.24 -2.71 8 5 0  

1-5 267.25 -2.01 8 4 0  

1-6, 2-16 242.23 -1.12 5 3 0  

1-7 291.27 -1.42 8 4 0  

1-8 292.25 -1.81 7 4 0  

1-9 324.29 -1.27 8 4 0  

1-10 309.28 -2.43 8 5 0  

1-11 192.18 0.28 4 2 0  

1-12 159.15 0.14 4 2 0  

1-13 177.17 -0.87 4 3 0  

1-14 239.12 2.26 1 2 0  

1-15 239.07 1.69 1 2 0  

1-16 238.09 1.76 2 3 0  

1-17 254.08 2.84 1 1 0  

1-18 709.68 5.04 5 4 2 √ 

1-19 723.67 4.69 6 4 1 √ 

1-20 727.70 4.38 7 6 2 √ 

1-21 695.66 4.80 5 4 1 √ 

1-22 788.58 5.81 5 4 2 √ 

2-1 547.56 -1.51 11 5 2 √ 

2-2 533.53 -1.56 11 5 2 √ 

2-3 533.53 -1.66 11 6 3 √ 

2-4 547.56 -1.51 11 5 2 √ 

2-5 385.42 0.76 6 2 0  

2-6 371.39 0.71 6 2 0  

2-7 385.42 0.85 6 1 0  

2-8 399.44 0.90 6 1 0  

2-9 399.44 1.46 6 1 0  

2-10 385.42 1.32 6 2 0  

2-11 385.42 1.32 6 2 0  

2-12 385.42 1.41 6 1 0  

2-13 371.39 1.27 6 2 0  

2-14 383.4 1.40 6 1 0  

2-15 350.33 -0.77 7 4 0  

2-17 267.25 -2.09 8 4 0  

2-19 460.39 -2.85 12 7 2 √ 

2-20 330.29 -0.25 8 5 0  

2-21 554.55 -2.24 13 10 3 √ 

2-22 434.39 -2.67 12 8 2 √ 

2-23 434.39 -2.67 12 8 2 √ 

2-24 272.25 -0.90 7 5 0  

2-25 286.28 -1.37 7 5 0  

2-26 286.28 -0.87 7 5 0  

2-27 448.42 -3.14 12 8 2 √ 

2-28 432.42 -2.34 11 7 2 √ 

2-29 178.14 1.18 3 2 0  

2-30 492.39 -0.96 11 5 1 √ 

2-31 286.24 2.40 6 4 0  

2-32 270.24 2.71 5 3 0  

2-33 610.52 -2.13 16 10 3 √ 

2-34 610.52 -2.13 16 10 3 √ 
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2-35 594.52 -0.59 15 9 3 √ 

2-36 608.55 -0.44 15 8 3 √ 

2-37 448.38 0.14 11 7 2 √ 

2-38 462.41 0.28 11 6 2 √ 

2-39 448.38 0.14 11 7 2 √ 

3-1 493.65 2.81 4 4 0  

3-2 493.65 2.81 4 4 0  

3-3 479.62 2.61 4 5 0  

3-4 479.62 2.61 4 5 0  

3-5 477.65 3.86 3 4 0  

3-6 477.65 3.86 3 4 0  

3-7 463.62 3.55 3 5 0  

3-8 463.62 3.55 3 5 0  

3-9 461.65 4.82 2 3 0  

3-10 461.61 4.02 3 5 0  

3-11 475.63 4.22 3 4 0  

3-12 306.43 2.30 3 3 0  

3-13 440.58 3.46 4 5 0  

3-14 440.58 3.46 4 5 0  

3-15 438.57 3.62 4 5 0  

3-16 491.49 -0.65 10 6 1 √ 

3-17 505.52 -0.51 10 5 1 √ 

3-18 505.52 -0.51 10 5 1 √ 

3-19 697.69 1.76 13 6 3 √ 

3-20 524.54 -2.81 11 7 3 √ 

3-21 524.54 -2.81 11 7 3 √ 

3-22 524.54 -0.50 10 7 3 √ 

3-23 524.54 -2.81 11 7 3 √ 

3-24 522.55 0.01 11 7 3 √ 

3-25 522.55 0.01 11 7 3 √ 

3-26 552.57 -0.15 12 7 3 √ 

3-27 552.57 -0.15 12 7 3 √ 

3-28 582.60 -0.31 13 7 3 √ 

3-29 582.60 -0.31 13 7 3 √ 

3-30 376.36 -2.22 10 6 1 √ 

3-31 358.34 -1.13 8 4 0  

3-32 470.43 -3.12 11 6 2 √ 

3-33 246.31 3.29 3 2 0  

3-34 260.33 3.93 3 1 0  

3-35 230.31 4.63 2 2 0  

3-36 554.59 0.09 12 8 3 √ 

3-37 634.85 7.79 6 4 2 √ 

3-38 618.86 8.09 5 3 2 √ 

3-39 472.71 5.36 4 3 1 √ 

3-40 456.71 6.64 3 2 1 √ 

3-41 442.73 6.17 2 2 1 √ 

3-42 458.68 5.52 4 2 1 √ 

3-43 454.70 7.20 3 1 1 √ 

3-44 440.71 6.73 2 1 1 √ 

All physicochemical properties, including molecular weight (MW), log P, hydrogen bond acceptors (HBA) 

and hydrogen bond donors (HBD), were calculated using Instant JChem (version 15.10.26.0). The right 

column indicates if this compound falls into the orange rectangle (orange tick), blue rectangle (blue 

tick) or green ellipse (green tick) in Figure 7. 
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The results (Table 5.1 and Figure 5.4) suggested that the majority of isolated natural 

products obeyed Lipinski’s rule-of-five in terms of MW < 500 Da (71%), log P < 5 (90%), 

HBA < 10 (71%) and HBD < 5 (71%).  

 

Figure 5.4 Analysis of physicochemical properties (MW, log P, HBA and HBD) of the 103 isolated 

natural products. In each case the yellow line indicates the maximum desirable value for oral 

bioavailability defined by Lipinski’s rule of five: MW < 500 Da; log P < 5. 

The existence of sugar moiety in the molecules provides more O-containing 

functionalities and hydroxyl groups, which might account for the violations of HBA and HBD 

values, as well as molecular weights. With respect to the isolated compounds set, 35 out of 103 

compounds had two or more violations of the Lipinski's parameters. The structural survey of 

these 35 compounds further revealed that 30 of them contained at least one sugar moiety, such 

as β-lumicolchicosides A–C and γ-lumicolchicoside A (2-1 to 2-4), gloriosides A and B (2-19 

and 2-22), 6-O-methyl-N-deacetylisoipecosidic acid (3-20), 7-O-methyl-N-

deacetylisoipecosidic acid (3-21) and N-deacetylisoipecoside (3-22). All of the 30 compounds 

had the violation with HBA > 10, as well as 23 compounds had the violation with MW > 500. 

There were also 27 compounds contained one or two sugar moieties with the violation of HBD > 
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5. The eight triterpenoids (3-37 to 3-44), which were isolated from the relatively nonpolar 

fractions of Alangium villosum, contributed to the violation with log P > 5. The other molecules 

with log P > 5 were two peptides isolated from the nonpolar part of Jaspis splendens (1-18 and 

1-22). The peptides (1-18 to 1-22) were also the second group of compounds having the 

violation with MW > 500.  

  

Figure 5.5 Pie chart presentation of the percentage of anti-PD compounds (left) and isolated compounds 

(right) obeying or violating Lipinski’s rule of five. Non-compliant (more than one violation) is shown 

in red and compliant (less than two violations) in yellow and green, respectively. 

In Chapter One, literature research on anti-PD natural products and derivatives 

identified a total of 36 small molecules. The structures of the 36 natural origin anti-PD 

compounds were converted into SMILES format and imported into Instant JChem to calculate 

the physicochemical parameters of each molecule. This has been discussed in details in Chapter 

One. The percentages of anti-PD compounds and the isolated compounds compliant with 

Lipinski's rule of five were depicted in Figure 5.5. The histograms for molecular weight (MW), 

calculated log P, hydrogen bond acceptors (HBA) and hydrogen bond donors (HBD) for two 

sets of compounds were shown in Figure 5.6. 

11%

89%

Anti-PD compounds

33%

67%

Isolated compounds
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Figure 5.6 Physicochemical property histograms of anti-PD compounds (dark red) and isolated natural 

products (green): (a) molecular weight (MW), (b) calculated log P, (c) hydrogen bond acceptors (HBA), 

(d) hydrogen bond donors (HBD). In each case the yellow line indicates the maximum desirable value 

for oral bioavailability defined by Lipinski’s Ro5: MW < 500 Da; log P < 5, HBA < 10 and HBD < 5. 

It was found that 89% of anti-PD compounds had less than two violations of the 

Lipinski's parameters, with 83% having no violations. These values were decreased in the 

isolated compounds data set, with 67% less than 2 violations and 53% no violation, respectively.  

The histogram of molecular weight (Figure 5.6a) showed that about 86% of the anti-

PD compounds and 71% of the isolated compounds were distributed between molecular 

weights of 100–500 Da, with 75% of anti-PD compounds distributed at 200–400 Da while 31% 

of the isolated compounds peaked at 400–500 Da. About 14% of the anti-PD compounds had 

molecular weights over 500 Da while 29% of isolated compounds had molecular weights over 

500. The calculated log P (Figure 5.6b) of the majority of both sets (97% for anti-PD 

compounds, 90% for isolated compounds) fell into the same region from -2 to 5 but the 

distribution maximum was between 2–4 for the anti-PD compounds (44%) and -3–0 for the 
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isolated compounds (42%). The overall percentage of compounds satisfying the log P criteria 

was decreased for the isolated compounds (90%) as compared to the anti-PD compounds (97%).  

The histogram of hydrogen bond acceptors (HBA) (Figure 5.6c) showed that the 

majority of anti-PD compounds had HBA between 1–7 compared with the wide spread of HBA 

for isolated compounds. About 92% of the anti-PD compounds concentrated in a range of 1–7 

while only 58% of the isolated compounds fall into the same range. The HBA values of the 

isolated compounds fluctuated from 1 to more than 13. The percentage of the isolated 

compounds with acceptable HBA (no more than 10) was 71% as compared to 92% for anti-PD 

compounds. The HBD histogram distribution (Figure 5.6d) showed that the majority of anti-

PD compounds had HBD between 0–4, in contrast to 4–5 donors for the isolated compounds. 

About 94% of the anti-PD compounds had no more than 5 hydrogen bond donors while the 

number of the isolated compounds compliant with Ro5 was 71%.  

The histograms of the four Lipinski's parameters showed more similarities between 

these two datasets on the properties of MW and the calculated log P than the hydrogen bond 

acceptors and donors. This is probably due to the fact that natural products, generally speaking, 

have more O-containing functionalities and hydroxyl groups. The percentages of the isolated 

compounds were lower than those of the anti-PD compounds in all Ro5 parameters except for 

the calculated log P. 

5.3 ChemGPS-NP Analysis –comparison of physicochemical space of anti-PD 

compounds and isolated compounds 

In contrast to Lipinski's parameters focusing on a restricted set of drug-like properties 

generated directly from the molecular structures, ChemGPS-NP is a tool tuned for identifying 

volumes of chemical space. In this analysis, individual coordinates are t-scored from principal 

component analysis (PCA) using 35 descriptors calculated from 1779 chemical structures, to 
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allow correlation to biological activities.3 ChemGPS-NP has been designed to handle the 

chemical diversity of natural products. It can discover physiochemical properties not directly 

discernible from structural data, and can chart biologically relevant chemical space and provide 

an efficient mapping device for prediction of properties and activities of groups of compounds.4 

Therefore, ChemGPS-NP was used for principle component analysis of anti-PD compounds 

and isolated compounds to compare their distribution in physicochemical space.5 While 

ChemGPS-NP is comprised of eight coordinate dimensions (principal components, PCs), the 

first three principle components explained 71% of the variance in the training data and can be 

interpreted as representing broad physical properties. For example, properties relating to size, 

shape, and polarizability were plotted in PC1; aromatic and conjugation related properties of 

the compounds were explained in PC2; lipophilicity, polarity, and H-bond capacity were 

expressed in PC3.  

The analysis (Figure 5.7a) demonstrated the score plot of 36 anti-PD compounds (blue 

dots) and 103 isolated natural products (red dots). The graph shows that the majority of the 

anti-PD compounds concentrated in a relatively narrow area of physicochemical space, which 

means that these compounds shares similarities in the described parameters. Around 60% of 

the 103 isolated natural products are positioned within similar drug-like chemical space as the 

anti-PD compounds and when visualized using the most significant ChemGPS-NP coordinates 

in three dimensions. The peptides (1-18 to 1-22), triterpenoids (2-37 to 2-44) and most of sugar 

containing compounds, which are located well outside the cloud of points representing the anti-

PD compounds, are circled by orange rectangle, blue rectangle and green ellipse in (5.7b – 

5.7d), respectively. All these compounds possess higher molecular weights than 500, and/or 

have log P values > 5, and/or the HBA and HBD values exceed the Lipinski’s rule of five.  
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Figure 5.7 Distribution of 36 anti-PD compounds (blue dots) and isolated natural products (red dots) in 

ChemGPS-NP chemical space defined by the first three principle components: PC1 representing broad 

physical properties such as size, shape, and polarizability; PC2 representing aromatic and conjugation 

related properties; PC3 representing lipophilicity, polarity, and H-bond capacity. (a-d) 3D and 2D plots 

comparison of the physicochemical space of anti-PD compounds and the isolated compounds. The peptides, 

triterpenoids and some sugar containing compounds, which were located well outside the cloud of points 

representing the anti-PD compounds, were circled by orange rectangle, blue rectangle and green ellipse in 

(b - d), respectively. 

In summary, the majority of the anti-PD compounds are compliant with the Lipinski's 

rules and concentrated in a narrow area of physicochemical space. The 2D plots identify a 

narrow area of physicochemical space for the anti-PD compounds (Figure 5.7b-5.7d) that also 

contains around 60% isolated natural compounds. The clusters of isolated compounds enclosed 

within the orange rectangle, blue rectangle and green ellipse are the exceptions and may 

constitute other special classes. Details of these compounds are indicated in Table 5.1.  
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5.4 Cytological profiling of the isolated compounds 

On the basis of previous work, we had developed a theoretical framework that explains 

that all natural products interact with biologically relevant space. All compounds were 

subjected to an unbiased phenotypic assay on hONS cells followed by cluster analysis of 

cytological effects. The cytological profiles of all isolated secondary metabolites from the 

Australian marine sponge Jaspis splendens and two Australian plants Gloriosa superba and 

Alangium villosum were examined to identify congeneric chemical series by coupling an 

unbiased multidimensional phenotype assay using nontransformed and nonimmortalized 

hONS cells, which are primary cells derived from a Parkinson’s disease patient (Figure 5.8). 

As shown in Figure 8, a number of structural classes in the three green rectangles were 

identified which had significant phenotypic perturbation on hONS cells. Jaspamycin (1-8) had 

significant or moderate effects on most markers (Figure 5.9). β-Lumicolchicine analogues (2-

5 to 2-8) showed moderate effects on α-tubulin related parameters while colchicine (2-9) and 

its congeners (2-10 to 2-14) displayed major effects on mitochondria and autophagy related 

parameters. Tubulosine congeners (3-1 to 3-11) also had moderate effects on α-tubulin markers.  
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Compound 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
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(Continued) 

 

Figure 5.8 Bar chart depicting the cytological profile of metabolites from J. splendens (1-1 to 1-22), G. superba (2-1 to 2-39) and A. villosum (3-1 to 3-44) at 

10 μM on 38 parameters based on the log2 ratio of compound and vehicle (DMSO). Red shows a decrease versus vehicle and blue shows an increase versus 

vehicle. Individual compounds are presented on the y-axis with individual features on the x-axis. 1. Nucleus area (µm²) 2. Nucleus morphology width (µm) 3. 

Nucleus morphology length (µm) 4. Nucleus morphology ratio width to length 5. Nucleus morphology roundness 6. Nucleus marker texture index 7. Nucleus 

marker intensity 8. Cell area (µm²) 9. Cell width (µm) 10. Cell length (µm) 11. Cell ratio width to length 12. Cell roundness 13. α-Tubulin marker intensity in 

the cytoplasm 14. α-Tubulin marker intensity in outer region of cytoplasm 15. α-Tubulin marker intensity in inner region of cytoplasm 16. α-Tubulin marker 

texture index 17. Mitochondria marker intensity in the cytoplasm 18. Mitochondria marker intensity in outer region of cytoplasm 19. Mitochondria marker 

intensity in inner region of the cytoplasm 20. Mitochondria marker texture index 21. LC3b marker intensity in the cytoplasm 22. LC3b marker intensity in the 

outer region of the cytoplasm 23. LC3b marker intensity in inner region of cytoplasm 24. LC3b marker texture index 25. Lysosome marker intensity mean 26. 

Lysosome marker intensity outer region mean 27 Lysosome marker intensity inner region mean 28. Lysosome marker texture index. 29. Number of EEA1 

marker spots in cytoplasm 30. Number of EEA1 marker spots in inner region of cytoplasm 31. Number of EEA1 marker spots in outer region of cytoplasm 32. 

Number of EEA1 marker spots per Area of cytoplasm 33. EEA1 marker intensity in outer region of cytoplasm 34 EEA1 marker intensity in inner region of 

cytoplasm 35. EEA1 marker intensity in the cytoplasm 36. Number of EEA1 marker spots per area of outer region 37 Number of EEA1 marker spots per Area 

of inner region of cytoplasm 38. EEA1 marker texture index. A number of identified structural classes which had significant phenotypic perturbation on hONS 

cells were shown in the three green rectangles.  
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Figure 5.9 Bar chart depicting the cytological profiles of three individual metabolites jaspamycin (1-8) 

from J. splendens, colchicine (2-9) from G. superba L. and 9-demethyltubulosine N5-oxide (3-3) from 

A. villosum at 10 μM on 38 parameters on the basis of the log2 ratio of compound and vehicle (DMSO), 

respectively. Individual parameters are presented on the y-axis with log2 values on the x-axis. The 38 

parameters are the same as shown in Figure 8. 

5.5 Identification of ideal chemical probes 

Three series of secondary metabolites (1-8, 2-5 to 2-14 and 3-1 to 3-11 from three biota 

samples, respectively) had strong or moderate perturbation on the hONS cell model of PD. 

They are distributed in those active fractions identified by the initial HTS assay in all cases. 

More interestingly, the physicochemical properties of all of the identified anti-PD compounds 

obey Lipinski’s rule of five and the analysis of the physicochemical properties (MW, log P, 

HBA and HBD) of the 22 identified chemical probes is shown in Figure 5.10a to 5.10d. As 

shown also in Figure 5.11a to 5.11d, these identified compounds fall into similar 

physicochemical space, following PCA analysis, as occupied by the anti-PD compounds. 

Herein, the three series of natural products are identified as ideal anti-PD chemical probes.  
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Figure 5.10 Bar chart depicting the cytological profilesof anti-PD compounds (dark red) and 22 identified natural 

product chemical probes (green): (a) molecular weight (MW), (b) calculated log P, (c) hydrogen bond acceptors 

(HBA), (d) hydrogen bond donors (HBD). In each case the yellow line indicates the maximum desirable value for 

oral bioavailability defined by Ro5: MW < 500 Da; log P < 5, HBA < 10 and HBD < 5. 

 

Figure 5.11 Bar chart depicting the cytological profiles chemical probes (red dots) in ChemGPS-NP 

chemical space defined by the first three principle components PC1, PC2 and PC3. (a-d) 3D and 2D 

plots comparison of the physicochemical space of anti-PD compounds and 22 identified anti-PD natural 

product chemical probes.  
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5.6. Conclusions 

Natural products have been a major resource of new drugs and chemical probes due to 

their diverse structures and specific biological activities. Our investigation concentrated on 

natural product chemical probes which had significant effects on hONS cells derived from a 

PD patient. The results demonstrated that the initial biota selection of the Nature Bank library 

based on physicochemical profiling can translate into isolation of natural products with 

desirable physicochemical properties. The combined Lipinski’s rule-of-five, ChemGPS-NP 

analysis and phenotypic profiling can be employed as a beneficial strategy for the selection of 

ideal chemical probes for further investigation on Parkinson’s disease. In conclusion, by a 

combined strategy using cytological profiling, Ro5 and ChemGPS analysis, three series of 

natural products were identified as ideal chemical probes for further investigation of 

Parkinson’s disease. They also can be used as lead compounds for future PD-drug development. 

Significance is that the three series of compounds have different phenotypes. 

Jaspamycin had much more significant negative effects on EEA1 related markers compared 

with the other two types of compounds. Colchicine analogues presented lighter effects on α-

tubulin related markers while tubulosine analogues showed weaker effects on lysosome related 

markers. This allows interrogation of different mechanisms.  

One difficulty, the valley of death, in the CNS area is the lack of predictive animal 

models. Importantly, clinical trial failures in CNS tend to occur later in the clinical 

development process, when resource demands and costs are at their highest. This has resulted 

in huge attrition in the clinic. Bapineuzumab, investigated by Pfizer, is a humanized N-

terminal–specific anti-Aβ monoclonal antibody in clinical development for the treatment of 

Alzheimer's disease. In preclinical studies, the murine form of the antibody (3D6) was shown 
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to bind to fibrillar, oligomeric, and monomeric forms of Aβ, reduce the amount of Aβ in the 

brain, and improve memory in transgenic mice that overproduced Aβ. Phase III trials were 

discontinued after the first two completed trials showed no treatment effect on either cognitive 

or functional outcomes. Bapineuzumab engaged its target but had no benefit. The side effects 

included vascular brain edemas and hydrops of sulci. Solanezumab is another monoclonal 

antibody investigated by Eli Lilly as a neuro-protector for patients with Alzheimer’s disease. 

It was also failed in Phase III trials due to no significant benefit. 

The high risk and low approval rates of drugs targeting neuropsychiatric diseases such 

as Alzheimer’s, Parkinson’s, depression, anxiety, schizophrenia and stroke have sent billions 

of dollars down the drain in recent years. The costs and risks of developing compounds for 

CNS and pain disorders continues to rise, while the rate of success continues to decline. The 

extortionate CNS R&D losses of recent years are due to the fact that the majority of 

neuropsychiatric leads (80%) fail in the pricey Phase III stage of clinical trials. Reasons for the 

neuro-failures are numerous, ranging from stricter FDA regulations for CNS disorders to 

insufficient understanding of mechanisms underlying brain disease. Clinical trials involving 

disorders of the brain are notoriously difficult to set up and run. The matter is further 

exacerbated by relatively poor diagnosis techniques. Another common hindrance in CNS trials 

is the Placebo Effect.  

Despite the drawbacks, Big Pharma cannot afford to quit CNS. Neurological disorders 

significantly outnumber diseases in other therapeutic areas, inflict higher treatment and loss of 

productivity costs than cancer, cardiovascular disease and diabetes put together and are 

growing in incidence faster than any other disease class. To exacerbate the problem, ageing 

populations have never before borne so much impact on the global total. Despite varying 
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strategies, almost all Big Pharma players are keeping one foot sturdily in the door when it 

comes to neuro-pharmaceutical development. 

Reliable CNS targets are lacking. Virtually all CNS disorders beg for novel, more 

target-specific medications. Most neuro-pharmaceuticals on the market today have come about 

serendipitously, through observation that certain drugs improved certain symptoms, rather than 

through research tailored to the disease. In fact, an overwhelming majority of brain medications 

have widely unknown mechanisms of action, despite having been discovered as early as the 

1940s. And nearly all CNS treatments today treat symptoms, rather than modify the disease. 

The reason for this is that many CNS drugs target very general neurotransmitters in the brain. 

In order to introduce truly innovative treatments on the neuro-market, basic neuroscience must 

catch up with the growing global demand for precise therapeutic targets.  

Attrition in the clinic is also associated with lack of diagnostic markers. Roche is the 

world leader in cancer treatments. Three monoclonal antibodies based anti-cancer drugs from 

Roche, including Avastin, Rituxan and Herceptin, listed in the 2014 10-best-selling drugs 

worldwide. Precise diagnosis is the key to successful treatment. Biomarkers enable doctors to 

determine which cancer type a patient has more quickly and specifically. Take Herceptin, the 

breast cancer drug, for example, it transformed the percentage of cured HER2 patients from 

20% to 70%. Roche is also working to identify tumour markers that will detect tumour cells 

long before the first symptoms become apparent. The understanding of the molecular 

mechanisms of tumour development and how tumours spread helps Roche to target the 

processes that lead to cancer.  

The benefit of our lead probes is that they have different effects on patient derived cells. 

The use of patient-derived cells and phenotypic analysis provides diagnostic tools for 
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evaluation of drug effects in the CNS. In part the value of our probes is to move to a better 

model for CNS disease, especially on Parkinson’s disease. 
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