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 Abstract 

Targeted isolation of diverse alkaloids from Alchornea 

rugosa, Persea americana, and Gymnema inodorum by 

dereplication methods using LC-MS/MS-based molecular 

networking 

 

Natural products (NPs) that are small molecules derived from the environment 

by secondary metabolic pathways have played significant roles in drug discovery, 

ecology, and biotechnology. The conventional investigation of natural products in 

the early years such as “grind and find” or bio-guided isolation has successfully 

found important medicines including morphine (painkiller), aspirin (anti-

inflammation), digitoxin (cardiac glycoside), silymarin (treatment of liver disease), 

quinine, artemisinin (antimalarial), and pilocarpine (treating glaucoma). Since the 

first plant-derived medicine was founded in 1803, the number of new natural 

products reported every year has risen dramatically. As many easily accessed natural 

products have been isolated for a long history, recent studies have faced a 

commonplace challenge – the “rediscovery of known compounds”. In this regard, 

analytical tools, especially mass spectrometry (MS), have recently been efficiently 

applied in the NP field for dereplication and rapid identification of new NPs in 

complex mixtures.  

Remarkably, a recent technique using tandem MS/MS data sets called molecular 

networking (MN) has transited the traditional “grind and find” to the hypothesis-

driven targeting isolation since its first introduction a decade ago. MN is the 

computer-based approach aiming to arrange MS/MS data, automatically compare it 

to available databases for the identification of specific metabolites, and give the best 
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visualization of related compounds in the same group (cluster). This dereplication 

technique has been widely and successfully applied in NPs leading to the discovery 

of broad types of novel secondary metabolites that could be promising for research 

and development of new drugs.  

Herein, the MN was successfully applied to target and isolate various types of 

alkaloids from different plant sources. 

 

Part 1: Guanidine alkaloids from Alchornea rugosa and their 

glucose uptake and autophagy activities 

Natural guanidines that are classified as alkaloids and as unusually modified 

peptides with guanidine functionalities are generally found in microorganisms and 

marine invertebrates but are rarely found in terrestrial plants and animals. The 

substantial hydrophilicity of guanidines makes them suitable for the development of 

drugs, some of which have been used clinically. It is noteworthy that although the 

natural guanidines in plants account for only a small number compared to other 

sources, plant guanidines have been frequently reported in some species belonging 

to the genus Alchornea including A. floribunda, A. hirtella, and A. cordifolia. Based 

on MS/MS-based molecular networking analysis, three pairs of novel 

configurationally semistable diastereomers featuring an unprecedented 1,6-dioxa-

7,9-diazaspiro[4.5]dec-7-en-8-amine scaffold named rugonidines A–F (1–6), and 

nine new guanidine-fuse catechins named rugonines A–H (7–15) were isolated from 

Alchornea rugosa. Compounds 1−6 possess a 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-

en-8-aminefused catechin skeleton that features a naturally unique scaffold. Their 

structures were elucidated by NMR spectroscopy in combination with quantum-
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chemical calculations. The biological activities of 1−6 were tested in glucose uptake 

levels in differentiated 3T3-L1 adipocytes using 2-deoxy-2-[(7-nitro-2,1,3-

benzoxadiazol-4-yl)amino]-d-glucose (2-NBDG) as a fluorescent-tagged glucose 

probe and compounds 1–3 showed a significant increase glucose uptake levels. 

Structures of 7–15 were determined by NMR, HRESIMS/MS, and CD data analysis. 

These guanidine-fused catechins were evaluated for their bioactivities in the 

autophagy modulation assay. The results indicated that compounds 10–13 had 

potential autophagy inhibition effects compared to the chloroquine which is known 

as autophagy inhibitor. 

 

Part 2: Alkaloids from Persea americana and their SIRT1 

activities 

Sirtuin 1 (SIRT1) is a nicotinamide adenosine dinucleotide (NAD)+-dependent 

deacetylase belonging to the mammalian sirtuins family that plays important roles in 

cellular and organismal processes, including metabolism and aging. Through 

deacetylation of various substrates, including histone proteins (acetylated histones 

H4K16 and H3K56) and non-histone targets (p53) to generate nicotinamide and the 

acetyl group, SIRT1 is involved in a broad range of physiological functions, 

including control of gene expression, metabolism, and aging. The function of SIRT1 

in senescence, which leads to extending life span, ameliorates cellular senescence, 

and consequently prevents aging-related diseases, is mainly achieved by catalyzing 

the deacetylation of various downstream transcription factors. 

Avocado seeds are the by-products of the food industry with rich bioactive 

compounds but the secondary metabolites have not been yet studied and applied. 

Herein, the phytochemicals in avocado seeds were dereplicated by using an LC-
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MS/MS-based molecular networking. A new finding in alkaloid compositions from 

avocado seeds was discovered allowing the isolation of seven new quinolone-

alkaloids and two new benzoxazinone-alkaloids. Structures of isolated compounds 

were identified by NMR spectroscopy methods in combination with ECD 

calculations for absolute configuration elucidation. Later, the activities of isolated 

compounds were tested for their SIRT1 activities in HEK293 cells. The results 

showed that compound 1 has the most potent effect on SIRT1 activation with an 

elevated NAD+/NADH ratio and it could be a promising candidate for further 

investigation of anti-aging agents. 

 

Part 3: Oleanane triterpenoids from Gymnema inodorum and 

their insulin mimetic activities 

The molecular networking of n-hexane, EtOAc, and n-BuOH fractions of G. 

inodorum was generated and showed four main clusters including oleanane – 

triterpenoids (cluster 1), flavonoids (cluster 2), methyl anthranilate derivatives of 

oleanane triterpenoids (cluster 3), and benzoyl derivatives of oleanane triterpenoids 

(cluster 4). Seventeen compounds including 13 new oleananes (4–7), benzoyl 

derivatives of oleanane (3), and methyl anthranilate derivatives of oleanane 

triterpenoids (1, 2, 10–18), and four known compounds were isolated and their 

structures were identified by analysis of the NMR spectra. Compounds 1–9 were 

tested in an insulin-mimetic model to evaluate their biological activities. The results 

suggested that compounds 3, 5, 8, and 9 showed potential stimulatory effects on the 

uptake of 2-NBDG in 3T3-L1 adipocyte cells. Compounds 1, 8, 9, and 10–18 were 

evaluated for their effects on antimuscle atrophic activities. The results suggested 

that compound 12 showed the most potent effect on muscle atrophy at 2 µM. Later, 
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the SAR was discussed to suggest the crucial point for antimuscle atrophy of 

oleanane triterpenoids from G. inodorum.    

 

Keywords: Alchornea rugosa, Persea americana, Gymnema inodorum, molecular 

networking, alkaloids, oleanane triterpenoids, glucose uptake, autophagy inhibition, 

SIRT1 activation, insulin mimetic.   

Student Number: 2017–26762 
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Part 1: Guanidine alkaloids from Alchornea rugosa and their 

glucose uptake and autophagy activities 

 

1. Introduction  

1.1. Study background 

1.1.1. Natural guanidines  

Natural guanidines are classified as alkaloids and as unusually modified peptides 

with guanidine functionalities (Berlinck, 2020; Berlinck et al., 2012). Guanidines 

derived from natural products are generally found in microorganisms and marine 

invertebrates but are rarely found in terrestrial plants and animals (Berlinck, 2020). 

Since the guanidine group has limited occurrence in nature, guanidine-bearing 

compounds are structurally unique and often exhibit potent biological activities 

(Berlinck, 2020; Berlinck et al., 2012). The substantial hydrophilicity of guanidines 

makes them suitable for the development of drugs, some of which have been used 

clinically, such as streptomycin (Berlinck et al., 2021). Several guanidines from 

plants have been reported to have antidiabetic (Perla & Jayanty, 2013), anti-

inflammation (Song et al., 2015), antitumor (Mao et al., 2015), antifungal (Kohyama 

& Ono, 2013), and antifeedant (Rowan et al., 1990) activities. In addition to the 

reported activities of natural guanidines, a marine guanidine named monanchocidin 

has shown potential autophagy induction and lysosomal membrane permeabilization 

effects (Dyshlovoy et al., 2015). In addition, metformin, a well-known biguanide 

that is the first-line therapy in the treatment of type 2 diabetes, has been found to 

help attenuate hallmarks of aging by enhancing autophagy (Bharath et al., 2020; 

Kodali et al., 2021). Moreover, guanidine hydrochloride has been used for treating 

muscle weakness since the 1960s (Minot et al., 1939), for treating amyotrophic 

lateral sclerosis (Norris, F. H., Calanchini, P. R., Fallat, R. J., Panchari, S., & Jewett, 

1974), and for treating infantile and juvenile spinal muscular atrophy (Angelini et 

al., 1980). It is noteworthy that although the natural guanidines in plants account for 

only a small number compared to other sources (Berlinck et al., 2012, 2017), plant 

guanidines have been frequently reported in some species belonging to the genus 

Alchornea including A. floribunda, A. hirtella, and A. cordifolia (Berlinck et al., 

1999; Berlinck & Kossuga, 2005)  
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Figure 1. Alchornea rugosa (Lour.) Müll.Arg. Leaves of A. rugosa were collected 

in Quang Trung commune, Ngoc Lac district, Thanh Hoa Province, Vietnam 

(20°8′3″N, 105°24′15″E) in May 2016. 

 

1.1.2. Alchornea rugosa (Lour.) Müll.Arg. 

Alchornea rugosa (Lour.) Müll.Arg., belonging to the family Euphorbiaceae, 

is widespread from India to Australia and grows in lowland rainforests as a dioecious 

shrub or tree up to 10 meters tall (Martínez et al., 2017; Wiart, 2007). Traditional 

uses in Vietnam, Laos, and Cambodia have indicated that the seeds of A. rugosa may 

be eaten to relieve the bowels from costiveness. Roots and leaves are used as a 

decoction to reduce fever and treat malaria (Wiart, 2007). Although the genus 

Alchornea comprises 55 accepted species, which occur in highly varied ecosystems 

across all continents with a largely pantropical distribution, most of the studies on 

this genus focus on A. cordifolia, which grows mainly in Africa (Martínez et al., 

2017). Leaves and bark tissues of A. rugosa was first reported in 1969 to contain 

alkaloids, including natural guanidines named N1,N1-diisopentenylguanidine, 

N1,N2,N3-triisopentenylguanidine, and two hexahydroimidazo[1,2-α]pyrimidines 

alkaloids (alchornine and alchornidine) (Hart et al., 1969; Martínez et al., 2017). 

These guanidine alkaloids have shown antibacterial, antiangiogenic, and anti-

inflammatory activities in previous studies (Lamikanra et al., 1990; Mavar-Manga 

et al., 2008).  
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Figure 2. Structure and mechanisms of action of metformin in type 2 diabetes and 

structures of type 1 guanidines isolated from A. rugosa.   

 

1.1.3. Diabetes  

Diabetes is a metabolic disease characterized by chronic hyperglycemia that 

could lead to complications in the heart, blood vessels, eyes, kidneys, and nerves 

over time (Alberti & Zimmet, 1998; Association, 2014). It is estimated that 

approximately 90% of diabetes cases are type II diabetes, which is caused by β-cell 

dysfunction and insulin resistance (Association, 2014; Harding et al., 2019). 

According to the WHO, the number of cases and the prevalence of diabetes have 

been steadily increasing over the past few decades, with approximately 422 million 

people experiencing this disease worldwide and 1.6 million deaths directly caused 

by diabetes each year (World health organisation (WHO), 2020). The first-line 

therapy is a comprehensive lifestyle including weight management and physical 

activities accompanied by biguanides (metformin), followed by oral 

antihyperglycemic agents and insulin (Association, 2021). In addition to drug 

therapy, traditional medicines have been described in pharmacopeias and well-

established documents in WHO monographs (Governa et al., 2018; WHO, 2007; 

World Health Organisation, 1999; World Health Organization, 2009). A recent 

review reported that 2004 plants belonging to 1112 genera and 197 families have 

been reported across 92 countries worldwide for diabetes management (Aumeeruddy 

& Mahomoodally, 2021). A. cordifolia, a species belonging to the genus of 

Alchornea, has antidiabetic activity associated with its n-butanol fraction 

(Mohammed et al., 2012). 
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Figure 3. Overview of the autophagic machinery. Initiation of autophagy involves 

the formation of an isolation membrane (phagophore). This critical step is stimulated 

by starvation or cellular stress, or some small molecules such as rapamycin. The 

phagophore then sequesters cytoplasm or selected substrates, elongates (with the 

presence of LC3-II), and eventually matures into an autophagosome with a 

completed double-membrane. The autophagosome fuses with a lysosome that 

contains hydrolase acids to form an autophagolysosome. The following breakdown 

step results in degraded products and LC3-II which can be recycled for other cycles 

of autophagy.  

 

1.1.4. Autophagy regulator  

Autophagy is an intracellular self-degradative process that eliminates 

cytoplasmic materials and recycles damaged organelles, and nonfunctional proteins 

in the lysosomes to maintain basic energy levels for cellular regeneration and 

homeostasis (Mizushima & Komatsu, 2011). The initiation step of autophagy 

involves the formation of a double membrane (phagophore) that is regulated by 

multiple signaling mechanisms. The phagophore then elongates and eventually 

matures into an autophagosome, which is subsequently trafficked to fuse with a 

lysosome (Vakifahmetoglu-Norberg et al., 2015). Malfunction or overactivation of 

the autophagic machinery is associated with many human disorders including 

cardiomyopathies, infectious diseases, Crohn’s disease, and neurodegenerative 

disorders (Alzheimer’s, Huntington’s, and Parkinson’s diseases), and cancer 

(Vakifahmetoglu-Norberg et al., 2015). The hyperactivation of autophagy has also 
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been found to be associated with muscle loss in various conditions and to induce 

muscle degeneration and weakness (Sartori et al., 2021b). The importance of 

autophagy in pathophysiology has drawn the attention of many researchers in recent 

decades in the search for new potential therapeutic drugs. Therefore, autophagy 

modulators have been investigated as potential candidates for the treatment of 

autophagy-related diseases. Many small molecules have been reported as autophagy 

activators or inhibitors (Vakifahmetoglu-Norberg et al., 2015) including curcumin, 

tanshinone IIa, ursolic acid, resveratrol, and ginsenoside 20(S) Rg-3 (enhancing 

autophagy), and 6-gingerol (inhibiting autophagy) (Sohn & Park, 2017). 

Interestingly, the guanidine derivative N2,N4-dibenzylquinazoline-2,4-diamine 

(DBeQ) inhibits autophagosome maturation (Chou et al., 2011), and metformin, a 

biguanide which induces autophagy, are undergoing clinical trials. 

   

1.2. Purpose of Research 

Inspired by the unique structure and the activities of guanidine derivatives, 

molecular networking-guided isolation was applied to investigate natural guanidines 

from A. rugosa. The shared guanidine moiety in the structures of metformin and 

rugonidines A–F, which contains guanidine derivatives fused to the catechin skeleton 

via 1,6-dioxaspiro linkage, and by the antidiabetic effects of a species in the same 

genus, the isolated compounds were evaluated for their antidiabetic activity through 

the glucose uptake assay in 3T3-L1 adipocyte cells. For rugonines, the other type of 

guanidines isolated from A. rugosa, their activities have been performed in an 

autophagy screening to seek autophagy modulator agents due to their structural 

similarities with some autophagy activators or inhibitors which are under 

investigation for new therapeutic medicines.       
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2. Targeted isolation of guanidine derivatives in A. rugosa  

2.1. Targeted isolation of guanidines from A. rugosa by using LC-MS/MS-based 

molecular networking 

The chemical profile of the alkaloid fraction from the A. rugosa leaf extract was 

determined by UPLC-QTOF MS/MS analysis. High-resolution electrospray 

ionization mass spectrometry (HRESIMS) data  (Figure 4) were then preprocessed 

via MZmine 2 software (Pluskal et al., 2010) and subsequently analyzed on the 

Global Natural Products Social platform (GNPS, https://gnps.ucsd.edu) hosted by 

the GNPS (M. Wang et al., 2016a). The MS/MS molecular networking displayed six 

clusters that were over three nodes (Figure 5). The dereplication process afforded 10 

hits, four of which were previously described in the genus Alchornea (Figure 5 and 

Table 1). The largest cluster A with 20 nodes consisted mostly of small-molecule 

metabolites, some nodes of which could be assigned to known alkaloids reported in 

this genus, such as alchornin [m/z 208, (M + H)+] (Hart et al., 1969), pteroginine [m/z 

194, (M − H2 + H)+] (Barrosa et al., 2014a), pterogynidine [m/z 194, (M − H2 + H)+] 

(Barrosa et al., 2014a), isoalchorneine [m/z 240, (M + H2
 + H)+) (Khuong-Huu et al., 

1972), and alchornedine [m/z 210, (M + H)+] (Barrosa et al., 2014a). The 

alchornealaxine with a molecular weight of 481 Da, obtained by conjugation 

between prenylated guanidyl and epicatechin moieties, was observed in cluster C 

(Figure 6). Analysis of the MS/MS fragmentation data revealed that alchornealaxine 

(black circle edge) and the other nodes in cluster C shared a similar pattern of product 

ions, suggesting the presence of derivatives with guanidyl moieties. Two typical ions 

at m/z 262 and m/z 151, which represented guanidine-attached fragments, were 

observed in all MS/MS patterns of the nodes in cluster C (Table 1, Figures 4, 7). 

According to molecular networking-based discovery, eight new guanidine-derived 

derivatives (1–8) were isolated. The different mass losses between those nodes 

suggested that the loss of a hydroxyl (398.1725, 14), an additional rhamnose sugar 

(628.2881, 7–8), the loss of an isopentenyl moiety (414.1670, 10–11), a replace 

isopentenyl moiety by a rhamnose unit (560.2250, 13). In addition, cluster D 

consisted of six nodes at m/z 644.2815, 576.2189, 576.2211, 498.2237, 482.2289, 

and 430.1604 that differed from those of the reported guanidine derivatives (Figure 

5). Subsequent fractionation of the EtOH extract by column chromatography 

separation, including on Daion HP-20, MPLC, Sephadex LH-20, and 



7 

 

semipreparative HPLC, allowed the isolation of three pairs of diastereomers 1−6. 

Compounds 1−6 possess a 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-en-8-amine-fused 

catechin skeleton that features a naturally unique scaffold (Figure 8). Furthermore, 

eight new compounds (7−14) that share a similar skeleton to alchornealaxine in 

which guanidine conjugated with flavanol were also targeted and isolated, then their 

structures were determined to prove that the suggested nodes by molecular 

networking were a good match (Figure 9).
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Figure 4. Base peak intensity, TOF MS/MS, and DAD chromatographies of alkaloid fraction of A. rugosa leaves 
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Figure 5. Dereplicated compounds against the GNPS and literature reviews in the Alchornea genus 
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Figure 6. Molecular networking of the 25% MeOH fraction of the leave extraction 

of A. rugosa. A cluster of 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-en-8-amine-fused 

catechin skeleton and targeted isolation nodes (this network is accessible at the 

following address: 

http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=cb23e27317a24150abb45fad3fba

59a8)  

 

 

Figure 7. Mass fragmentation analysis of a known guanidine-epicatechin 

(alchornealaxine)  
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Table 1. Identified nodes in the fraction AR25 using HRESI-qTOF MS/MS against GNPS libraries or literature reviews in Achornea 

genus 

Cluster 
group  

tR 
(min) 

m/z [M+H] + Calcd.  
MassDiff

(ppm) 
RMD MS/MS fragments 

Molecular 
formula  

Compound 
name 

GNPS spectral Library 
ID/ref. 

A 2.94 208.1458 208.1450 3.80 700 140.0825 C11H17N3O Alchornine (Hart et al., 1969) 
A 3.14 210.1686 210.1705 -9.00 802 142.0983 C11H19N3O  Alchornedine (Barrosa et al., 2014a)  

A 3.85 
194.1657 

[M-H2+H]+ 
194.1657 -0.18 853  C11H21N3 Pterogynine (Hart et al., 1969) 

B 4.63 658.2983 658.2978 1.10 453 
154.0967, 218.0865, 260.1033, 328.1661, 
462.2052,  

C33H43N3O11   

B 4.82 428.1826 428.1822 0.90 426 164.0809, 218.0877, 242.0922, 260.1037 C22H25N3O6   

B 4.98 658.2987 658.2976 1.70 454 
154.0970, 218.0873, 260.1041,328.1669, 
512.2415 

C33H43N3O11   

B 5.04 512.2415 512.2397 3.50 471 218.0878, 260.1037, 328.1661 C27H33N3O7   

B 5.21 512.2401 512.2437 0.80 469 
164.0771, 191.0701, 218.0882, 242.0926, 
260.1041, 328.1659,  

C27H33N3O7   

B 5.97 496.245 496.2448 0.40 494 
154.1002, 164.0776, 218.0880, 242.0925, 
260.1030, 328.1658 

C27H33N3O6   

B 6.10 496.2454 496.2448 1.20 495 
164.0785, 218.0869, 242.0916, 260.1023, 
328.1665 

C27H33N3O6   

B 6.25 496.2451 496.2448 0.60 494 
163.0534, 191.0736, 218.0839, 233.0818, 
260.1037, 328.1644, 369.1326 

C27H33N3O6   

B 6.48 496.2461 496.2448 2.60 496 
163.0492, 191.0700, 218.0876, 233.0822, 
260.1039, 328.1698, 369.1346 

C27H33N3O6   

C 2.07 414.1674 414.1665 2.20 404 
151.0374, 161.0599, 178.0588, 203.0640, 
220.0885, 245.0932, 262.1190 C21H23N3O6   

C 2.19 560.2274 560.2244 5.40 406 
178.0599, 220.0888, 245.0925, 262.1200, 
414.1677 

C27H33N3O10   

C 2.23 414.1647 414.1665 -4.30 398 
161.0631, 178.0576, 203.0616, 220.0889, 
245.0914, 262.1189 C21H23N3O6   

C 3.49 628.2877 628.2870 1.10 458 
161.0575, 220.0933, 245.0935, 262.2298, 
330.1815, 482.2284, 560.2220 

C32H41N3O10   
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C 3.53 628.2874 628.2870 0.60 457 
178.0648, 203.0936, 245.0933, 262.1196, 
330.1818 

C32H41N3O10   

C 3.74 398.1757 398.1716 10.3 441 
151.0429, 161.0610, 178.0584, 203.0638, 
220.0916, 245.0939, 262.1207 C21H23N3O5   

D 3.64 644.2822 644.2819 0.50 438 
140.0823, 156.1132, 191.0954, 203.0713, 
260.1041, 278.1111, 330.1815, 430.1618, 
498.2234 

C32H41N3O11   

C, D 4.11 482.2316 482.2291 5.20 480 
161.0679, 178.0596, 192.1441, 203.0670, 
220.0907, 245.043, 262.1192, 330.1820 

 C26H31N3O6 
Alchornealaxi
ne 

 (Tapondjou et al., 
2016) 

E 1.37 479.083 479.0826 0.91 173 
125.0246, 153.0186, 171.0323, 309.0615, 
351.5561 

C21H18O13 
3,5-di-O-
galloylshikimi
c acid 

o 

E 1.38 497.0932 497.0931 0.11 187 125.0246, 153.0186, 309.0615  C21H20O14 
3,4-di-O-
galloylquinic 
acid 

o 

G 3.27 597.1825 597.1819 1.00 306 121.1045, 208.1438, 226.1544, 350.0752 C27H32O15 Eriocitrin  o 

single 
node 4.50 196.1817 196.1814 1.46 926 128.1189, 152.0782, 175.0792, 196.1827 C11H21N3 Pterogynidine 

(Lopes et al., 2009; 
Mavar-Manga et al., 
2008) 

single 
node 3.40 305.0653 305.0661 -2.75 214 

110.0214, 122.5465, 139.5476, 225.1362, 
245.0834 

C15H12O7 Taxifolin o 

single 
node 2.10 423.0931 423.0927 0.97 220 102.0325, 110.0199, 132.0642, 186.0953 C19H18O11 Mangiferin o 

single 
node 

2.98 579.1726 579.1714 2.14 298 
283.0603, 313.0707, 337.0706, 361.0718, 
379.0810 

C27H30O14 
2-O-
Rhamnosylvit
exin 

o 
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Figure 8. Chemical structures of isolated compounds 1–6 from A. rugosa leaves 

 

 

 

 

Figure 9. Chemical structures of isolated compounds 7–15 from A. rugosa leaves 
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3. Structure elucidation of 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-en-8-amines from 

A. rugosa  

3.1. Compound 1 

Rugonidine A (1) was obtained as a pale-yellow amorphous powder. Its 

molecular formula was established as C32H41N3O11 based on the HRESIMS ion peak 

at m/z 644.2833 [(M + H)+, calcd. 644.2819], which accounted for 14 double bond 

equivalents (DBEs). The IR spectrum of 1 showed characteristic absorption bands 

for amine (3217 cm−1), oxime (1689 cm−1), alkenes (1523, 1647 cm−1), and N–O 

(800 cm−1) functionalities. The 1H NMR spectrum of 1 showed two N–H protons (δH 

9.59 and 9.08), four hydrogen signals at aromatic rings A and B (δH 6.79, 6.73, 6.66, 

and 5.96), an olefinic proton (δH 5.23, H-2'''), seven protons on oxygenated carbons 

(δH 3.12 – 4.63 ppm) including an anomeric signal (δH 4.05, H-1''''), an N-methylene 

group (δH 3.89/3.82, H-1'''), one methylene (δH 2.78/2.53, H-4), and five methyl 

groups (δH 1.11–1.72 ppm). The 13C NMR spectrum of 1 exhibited 32 carbons, 

including a guanidine carbon signal (δC 159.0), twelve aromatic carbons (δC 89.3–

156.0), one double bond (δC 136.3/118.6), a signal typical of a dioxaspiro carbon at 

δC 108.4 (Li et al., 2014), an anomeric carbon (δC 100.1), six oxygenated carbons (δC 

68.9–79.1), one N-methylene group (δC 45.7), one quaternary carbon (δC 44.2), one 

methylene (δC 27.7), and five methyls (δC 17.8–25.3). The presence of a guanidine 

moiety was suggested by two nitrogenated protons as well as a carbon signal at δC 

159.0, and the molecular formula of C21H23N3O7 for 1 resembled those of reported 

guanidine derivatives (Barrosa et al., 2014b; Tapondjou et al., 2016).  

The HMBC correlations from H-2 (δH 4.63) to C-1ꞌ (δC 129.5), C-2ꞌ (δC 114.0), and 

C-6ꞌ (δC 118.0) and from H2-4 (δH 2.78, 2.53) to C-10 (δC 101.0) suggested a catechin 

unit (C6-C3-C6). The heterocyclohexene ring of 1 (E ring), which was similar to that 

of 3-amino-1,2,4-oxadiazine scaffold (Tang et al., 2020), was determined by HMBC 

correlations from H2-1'' (δH 3.95, 3.85) and 1''-NH (δH 9.59) to the guanidine carbon 

(δC 159.0) and C-2'' (δC 108.4) (Figure 12). The position of the isoprenyl fragment 

was indicated by the correlation from H2-1''' (δH 3.89/3.82) to C=N (δC 159.0). The 

hexose sugar was recognized by an anomeric (H-1'''', δH 4.05/δC 100.1), four 

oxygenated (δH 3.12 – 3.48; δC 68.9 – 71.8), and one methyl (δH 1.11/δC 17.8) signals. 
1H−1H COSY (Figure 13) and NOESY data of 1 (Figure 18), as well as the mass loss 

of 146 Da, revealed the presence of a rhamnose moiety. The HMBC correlation from 
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H-1'''' to C-3 (δC 72.6) indicated that the hexose was linked to C-3 of the catechin 

moiety and that the relative configuration was an α-orientation based on the 

magnitude of the 1JCH value (169.0 Hz) (Pretsch et al., 2009). These results accounted 

for only 13 out of 14 DBEs of 1, and thus suggested the presence of one additional 

ring. The HMBC spectrum of 1 implied the presence of an additional furan ring fused 

to the catechin moiety at C-7 and C-8, based on HMBC cross-peaks from H3-4ꞌꞌ and 

H3-5ꞌꞌ to C-8 (δC 109.6). The linkage of the D-E ring through C-2ꞌꞌ was also proven 

by HMBC correlations from the H3-4ꞌꞌ, H3-5ꞌꞌ, and H2-1ꞌꞌ to the dioxospiro carbon at 

C-2ꞌꞌ. The configurations at C-2 and C-3 of 1 were identified as 2R,3S based on the 

NMR doublet for H-2 (δH 4.63, J = 8.1 Hz), and the carbon signals for C-2 at δC 79.1 

and C-3 at δC 72.6 (Schmidt et al., 2010). The negative Cotton effect (CE) in the 

range 280−290 nm of the circular dichroism (CD) experiment of 1 (Figures 20) was 

also typical for (+)-catechin (Kim et al., 2016; Korver & Wilkins, 1971). The 

absolute configuration of the rhamnose was established by acid hydrolysis followed 

by conversion to its corresponding thiocarbamoyl-thiazolidine carboxylate 

derivative with L-cysteine methyl ester and o-tolyl isothiocyanate (Tanaka et al., 

2007). The consistent HPLC retention times for the sugar in 1 and the authentic L-

rhamnose derivative confirmed that the stereochemistry of the sugar moiety was that 

of L-rhamnose. To further confirm the unique 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-

en-8-amine-fused catechin moiety of 1, NMR calculations for two possible isomers 

of the core structure of 1, (2R,3S,2''R)-1 (I ) and (2R,3S,2''S)-1 (II ), were performed 

with density functional theory (DFT) at the B3LYP/6-311G (2df,2pd) level. The 

calculated 13C NMR data matched well with the experimental data (R2 = 0.9972 for 

I and 0.9967 for II , Figure 17A). The corrected mean absolute (CMAE) and root-

mean-square (RMSE) errors for calculated 13C NMR chemical shifts of 2.32 and 2.56 

(I ) and 2.61 and 2.69 (II ), respectively, were similar to those seen with structurally 

well-established natural products (Hehre et al., 2019) (Figure 17B). The DP4+ 

probability of I  was 100%, suggesting the 2R,3S,2''R relative configuration assigned 

for 1.
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Figure 10. 1H and 13C NMR spectra of compound 1 (600/150 MHz, DMSO-d6) 

 

Figure 11. HSQC spectrum of compound 1  
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Figure 12. HMBC spectrum of compound 1  
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Figure 10. HMBC spectrum of compound 1 - continued 
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Figure 13. 1H–1H COSY spectrum of compound 1  
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3.2. Compound 2 

The HRESIMS and NMR spectra of 2 (rugonidine B), which was isolated from 

a 1:1 mixture with its diastereomer 1 (Figure 14) by HPLC ([�]�
�� +30 and –17, 

respectively), resembled those of 1, suggesting that it has the same molecular 

formula and planar structure as 1 (Tables 2 and 3). Therefore, 2 was assumed to be 

the 2''-epimer of 1. Moreover, the 13C NMR calculation for 2 displayed a 99.72 % 

DP4+ probability matching with the isomer II  (Figure 20D), suggesting the 

2R,3S,2''S relative configuration for 2. The absolute configurations of the two 

diastereomers were determined based on electronic circular dichroism (ECD) 

calculations by time-dependent DFT (TDDFT). The ECD spectra were calculated 

for two isomers of 1 (I  and II ) using TDDFT at the B3LYP/def-TZVP level followed 

by the calculated Boltzmann weighted mean, and the CD curves were obtained from 

the Gaussian output using the program SpecDis ver. 1.71 (Bruhn et al., 2013a). As a 

result, the experimental CD data of 1 were fit to the Boltzmann-averaged computed 

ECD spectrum of 2R,3S,2''R with a negative CE at 248 nm, while 2 was confidently 

assigned as 2R,3S,2''S (Figure 24A). Interestingly, interday experiments on the CD 

spectra of 1 and 2 revealed that 2 slowly converted to 1 after 30 days, which was 

indicated by the (−) CE at approximately 240 nm for both diastereomers (Figure 

24B). The opposite optical rotations, which were measured directly after repurifying 

[�]�
�� + 30 (1), and −17 (2), and their CD spectra obtained after one, two, and five 

days (Figure 25), indicated that these two diastereomers were stable for five days 

with (−) CE for 1 and (+) CE for 2 at approximately 240 nm. However, the CD 

spectrum of 2 in the 30th-day experiment exhibited a pattern similar to that of 1, 

suggesting that these compounds occurred as configurationally semistable 

diastereomers and that the isomer of 2R,3S,2''R -1 was more stable.  
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Figure 14. HPLC chromatography for isolation of compounds 1 and 2. HPLC Gilson 

system, 5µm YMC Phenyl Hexyl column. HPLC isolation conditions were as 

follows: a gradient condition of 48–50 % MeOH/H2O (0.1 % TFA) in 30 min 

followed by 5 min of 100 % MeOH and then 5 min of 48 % MeOH/ H2O (0.1% TFA) 

for re-stabilizing. 
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Figure 15. 1H and 13C NMR spectra of compound 2 (500/125 MHz, DMSO-d6) 
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Figure 16. HSQC spectrum of compound 2  

 

 

Figure 17. HMBC spectrum of compound 2 
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Figure 18. 1H–1H COSY spectrum of compound 2  
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Figure 19. NOESY spectra of compounds 1 and 2 
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Figure 20. 13C NMR calculation for two possible isomers of the core structure of 1 

and 2. (A) Linear correlation plots of predicted versus experimental 13C NMR 

chemical shifts. (B) Statistical parameters of calculated 13C NMR chemical shifts 

compared with experimental data of 1 and DP4+ probability for all proton and carbon 

calculations. 

 

A 

  

B 

 

 

C Scaled 13C NMR calculation for 1  DP4+ probability 
(all proton and 

carbon) 

 

R
2
 

MAE 
(ppm) 

MaxErr CMAE CMaxErr 
rmse 

(ppm) 
I 0.9972 2.51 6.16 2.32 6.43 2.61 100.00 
II 0.9967 2.64 6.41 2.56 6.67 2.69 0.00 

R
2
: coefficient of determination; MAE: mean absolute error; MaxErr: maximum error; 

CMAE: corrected mean absolute error; CMaxErr: corrected maximum error; rmse: root-
mean-square error  

 

D Scaled 13C NMR calculation for 2 DP4+ 
probability 
(all proton 

and carbon) 

 

R2 
MAE 
(ppm) 

MaxErr CMAE CMaxErr 
rmse 

(ppm) 

I 0.9972 2.51 6.16 2.32 6.43 2.61 0.28 
II 0.9967 2.64 6.41 2.56 6.67 2.69 99.72 
R2: coefficient of determination; MAE: mean absolute error; MaxErr: maximum error; 
CMAE: corrected mean absolute error; CMaxErr: corrected maximum error; rmse: root-
mean-square error  
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Figure 21. Linear correlation and relative errors between the calculated and the 

experimental 1H and 13C NMR chemical shifts for I and II.
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Isomer Nº 1 2 
DP4 (%) H 100.00 0.00 

C 79.25 20.75 

H+C 100.00 0.00 

J - - 

all data 100.00 0.00 

 

  

 

Figure 22. DP4+ probability of compound 1 (carbon and proton NMR chemical shift 

calculation). 
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Isomer Nº 1 2 
DP4 (%) H 0.07 99.93 

C 80.87 19.13 

H+C 0.28 99.72 

J - - 

all data 0.28 99.72 

 

 

Figure 23. DP4+ probability of compound 2 (carbon and proton NMR chemical shift 

calculation).
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Figure 24. Experimental and calculated ECD spectra of 1 and 2.  

The calculated ECD curves were generated by SpecDis ver. 1.71 (Bruhn et al., 

2013a). (A) Experimental data recorded directly after separating 1 and 2. (B) 

Experimental data recorded 30 days after separation of 1 and 2.  

 

 

Figure 25. Inter-days experimental ECD spectra of compounds 1 and 2 by time 

intervals on 1st, 2nd, 5th, and 30th-day after re-separating from HPLC. 

A 

 

B 
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3.3. Compounds 3 and 4 

Rugonidines C (3) and D (4) were successfully separated by HPLC at a 1:1 ratio 

([�]�
�� +6 and −3, respectively, Figure 26). The molecular formula of both isomers, 

C27H33N3O11, was established by the HRESIMS ion peak at m/z 576.2201 ([M + H]+, 

calcd 576.2193), indicating 13 DBEs, including six rings and seven double bonds. 

The loss of 68 Da in the HRESIMS data and the lack of one double bond along with 

an N-methylene and two methyl groups in the NMR data (Tables 2, 3) of 3 suggested 

the absence of an isoprenyl unit in 3 compared with 1. The α-rhamnosyl moiety at 

C-3 of 3 was also determined by analyzing its COSY and HMBC spectra. Similar to 

1, the sugar unit of 3 was assigned as α-L-rhamnose based on its 1JCH value (171.0 

Hz) (Pretsch et al., 2009) and the consistent retention time in HPLC compared to that 

of the authentic L-rhamnose derivative after hydrolysis of 3. The absolute 

configuration of 3 was identified as 2R,3S,2''R-rugonidine C by comparative ECD 

and optical rotation (OR) analysis. Compounds 3 and 4 were also found as a pair of 

2''-configurational diastereomers. According to the ECD and OR comparison, 

compound 4 was determined to be 2R,3S,2''S-rugonidine D. 

 

 

Figure 26. HPLC chromatography for isolation of compounds 3 and 4 by 5µm YMC 

Phenyl Hexyl column using conditions as follows: an isocratic of 38% MeOH/Water 

(0.1% TFA) in 30 min followed by 5 min of 100% MeOH and then 5 min of 38% 

MeOH/Water (0.1% TFA) for re-stabilizing 
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Figure 27. 1H spectrum of 3 (500 MHz, methanol-d4) after re-separating from 4 

and 13C NMR spectrum of compound 3 (150 MHz, DMSO-d6) 
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Figure 28. HSQC spectrum of compound 3 (600MHz, DMSO-d6) 
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Figure 29. HMBC spectrum of compound 3 (600MHz, DMSO-d6) 
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Figure 30.1H–1H COSY spectrum of compound 3  
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Figure 31. 1H spectrum of 4 (500 MHz, methanol-d4) after re-separating from 3 

and 13C NMR spectrum of compound 3 (150 MHz, DMSO-d6) 
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Figure 32. HSQC spectrum of compound 4  

O

OH

O

OH

OH

O

OH

OH

OH

O

NH
N

O

H2N

 

 

Figure 33. HMBC spectrum of compound 4  
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Figure 34. 1H–1H COSY spectrum of compound 4  

 

 

Figure 35. NOESY spectrum of compounds 3 and 4 
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Figure 36. Experimental ECD spectra of compounds 3 and 4 after 30 days of re-

separating by HPLC 
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3.4. Compounds 5 and 6 

Compound 5 was obtained as pale-yellow amorphous powder and was isolated 

from a 1:1 mixture with its diastereomer 6 by HPLC ([�]�
�� +2 and – 4, respectively) 

(Figure 37). Their chemical formula, C21H23N3O7, was deduced from HRESIMS ion 

peaks at m/z 430.1635 and 430.1609 [M + H]+ (calcd 430.1614), implying 12 DBEs. 

The HRESIMS and NMR data of 5 and 6 suggested that they contained fewer 

rhamnose units than compounds 3 and 4 (Tables 2, 3). The planar structure of 5 was 

determined based on its NMR spectra, which shared a pattern similar to that of the 

core skeleton of 1–4. The absolute configuration of 5 was assigned by the ECD and 

OR data compared to those of 1. Therefore, 5 was determined to be 2R,3S,2''R-

rugonidine E, while its diastereomer 6 was identified as 2R,3S,2''S-rugonidine F. The 

configurationally semistable phenomenon was also observed in pairs of 3 and 4 as 

well as 5 and 6 after thirty days (Figure 42). 

 

 

 

Figure 37. HPLC chromatography for isolation of compounds 5 and 6 by 5µm YMC 

Phenyl Hexyl column using conditions as follows: an isocratic of 36% MeOH/H2O 

(0.1% TFA) in 30 min followed by 5 min of 100% MeOH and then 5 min of 36% 

MeOH/ H2O (0.1% TFA) for re-stabilizing 
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Figure 38. 1H and 13C NMR spectra of compounds 5, 6 (600/150 MHz, DMSO-d6) 
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Figure 39. HSQC spectrum of compounds 5, 6 
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Figure 40. HMBC spectrum of compounds 5, 6 
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Figure 41. 1H–1H COSY spectrum of compounds 5, 6 

 

 

Figure 42. Experimental ECD spectra of compounds 5 and 6 after 30 days of re-

separating by HPLC



42 

 

4. Structure elucidation of guanidine-conjugated flavonoids from A. rugosa  

4.1. Compound 7 

Compound 7 was isolated as an amorphous powder with [�]�
�� +54.9 (c 0.2, 

MeOH). The molecular formula, C32H41N3O10, was deduced from its HRESIMS ion 

peak at m/z 628.2859 [M + H]+ (calcd for C32H42N3O10, 628.2865). The IR spectrum 

of 7 showed absorption bands characterized by hydroxyl or amine (3704 cm–1), C-H 

in heteroaromatic rings (2967 cm–1), C=NH or aromatic C (1682 cm–1), benzofuran 

(1203 cm–1), and C-O (1032 cm–1). The 1H NMR spectrum of 7 showed two N-H 

protons (δH 11.93, 11.65 ppm, Figure 43), four aromatic signals (δH 6.76, 6.73, 6.66, 

and 6.10), one olefinic proton at δH 5.26 (t, J = 6.9 Hz), an anomeric signal (δH 4.35 

ppm), one N-methylene group at δH 3.81 (d, J = 6.9 Hz), six protons on oxygenated 

carbon (δH 3.33–4.71 ppm), one methylene group (δH 2.86/2.75 ppm), one methine 

group (δH 2.78 ppm), and five methyl groups (δH 1.73, 1.69, 1.25, 1.13, and 1.11 

ppm). The 13C NMR spectrum of 7 showed 32 carbon signals, including a guanidine 

carbon (δC 147.6), fourteen aromatic signals (δC 95.9–158.8), two olefinic carbons 

(δC 120.1/138.5), one anomeric carbon at δC 102.0 ppm, six oxygenated carbons (δC 

70.3–81.2), an N-methylene group (δC 41.9), a methylene group (δC 27.3), one 

methine (δC 26.2), and five methyl group signals (δC 17.9–25.7). The HMBC 

correlations from H-2 (δH 4.71) to C-1' (δC 131.6), C-3 (δC 75.4), C-4 (δC 27.3), and 

C-9 (δC 155.5); from H-6 (δH 6.10) to C-5 (δC 158.8), C-7 (δC 157.3), C-10 (δC 100.8), 

and C-8 (δC 95.9), and from H2-4 (δH 2.86/2.75) to C-5, C-9, and C-10 suggested the 

presence of a C6-C3-C6 unit. A hexose sugar moiety was revealed by the mass loss 

of 146 Da in HRESIMS/MS data as well as signals of an anomeric (δH 4.35/δC 102.0), 

four oxygenated methine groups (δH 3.33–3.65; δC 70.3–73.9), and a doublet methyl 

group (δH 1.25 (d, J = 6.3 Hz)/δC 17.9). This rhamnose unit was proven by the 1H-1H 

COSY spin system (Figure 46). The HMBC cross peak from H-1'''' (δH 4.35) to C-3 

indicated that the rhamnose was linked to the catechin moiety of 7 at C-3. The small 

coupling constant of H-1'''' (d, J = 1.5 Hz), as well as the large 1JCH (169.6 Hz), 

indicated that the relative configuration of the sugar moiety was an α-oriented. In 

addition, the NMR data of 7 exhibited a guanidine unit characterized by the carbon 

signal at δC 147.6 with two N-H signals at δH 11.93 and 11.65 that shared the 

similarities to those of guanidine derivatives reported in the Alchornea genus 

(Barrosa et al., 2014a; Doan et al., 2021a; Tapondjou et al., 2016). An isoprenyl unit 
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in 7 elongated from the guanidine group was indicated by the presence of the N-

methylene group (δH 3.81/δC 41.9), a double bond (δH 5.26/δC 120.1, 138.5), and two 

methyl groups (δH 1.69/δC 18.0; δH 1.73/δC 25.7), and the HMBC cross-peaks from 

H2-1''' to guanidine carbon (δC 147.6). Moreover, the HMBC correlations from two 

doublet methyls (H3-4'', δH 1.11, and H3-5'', δH 1.13) to methine C-3'' (δC 26.2) and 

the other olefinic carbon (δC 131.3, C-2''), as well as from 1''-NH (δH 11.93) and 

C=NH (δH 11.65) to the double bond C-1''/C-2'', suggested that the other five-carbon 

chain was linked to the guanidine moiety (Figure 45). As suggested by HRESIMS, 

the molecular formula of 7 was C32H41N3O10, which consisted of 14 double bond 

equivalents (DBE); however, only 13 out of 14 DBEs had been assigned. Therefore, 

an additional ring of 7 through C-8/C-1'' and C-1''/7-OH was suggested because of 

the consistency with the conjugation reported in alchornealaxine (Tapondjou et al., 

2016).   

The relative orientations of the rhamnose moiety were determined by the 

coupling constants; in particular, 2JH-H of H-1'''' and H-2'''' indicated the equatorial 

orientation of H-2'''' while the large coupling constants of H-3'''', H-4'''', and H-5'''' 

suggested axial orientations of those protons in the sugar unit. Moreover, the NOESY 

correlations between H-1''''/H-2'''', H-3''''/H-5'''', and H-4''''/H3-6'''' demonstrated the 

relative configuration of rhamnose sugar in 7 (Figure 47). The absolute configuration 

of the rhamnose was established by acid hydrolysis, followed by conversion to the 

corresponding thiocarbamoyl-thiazolidine carboxylate derivative with L-cysteine 

methyl ester and o-tolyl isothiocyanate (Tanaka et al., 2007). The consistent HPLC 

retention times for the sugar in 7 and the authentic L-rhamnose derivative confirmed 

that the stereochemistry of the sugar moiety was that of α-L-rhamnose. The absolute 

configurations at C-2, C-3 of 7 were determined to be 2R,3S based on the large 

coupling constants of H-2 (d, J = 7.3 Hz)/H-3 (q, J = 7.3 Hz), which suggested a 2,3-

trans flavan-3-ol, and its CD data with negative CEs of approximately 290 and 240 

nm (Figure 41) (Slade et al., 2005). Hence, the structure of compound 7 was 

identified as (2R,3S)-rugonine A.
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Figure 43. 1H NMR (600 MHz, DMSO-d6 and methanol-d4) and 13C NMR (150 

MHz, methanol-d4) spectra of compound 7 
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Figure 44. HSQC spectrum of compound 7 
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Figure 45. HMBC spectrum of compound 7 
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Figure 45 (continued). HMBC spectrum of compound 7  
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Figure 46. 1H–1H COSY spectrum of compound 7 
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Figure 47. Key NOESY correlations of compound 7 

 

 

 

Figure 48. Experimental CD spectra of compounds 7, 9–10, 12–14
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4.2. Compound 8 

Compound 8 was isolated as an amorphous powder with [�]�
�� −78.0 (c 0.1, 

MeOH). The molecular formula, C32H41N3O10, was deduced from its HRESIMS ion 

peak at m/z 628.2870 [M + H]+ (calcd for C32H42N3O10, 628.2865). The IR spectrum 

of 8 exhibited the absorption bands of hydroxyl or amine (3252 cm–1), C-H in 

heteroaromatic rings (2976 cm–1), C=NH or aromatic C (1668 cm–1), benzofuran 

(1200 cm–1), and C-O (1072 cm–1). The NMR data of 8 were similar to those of 7, 

suggesting a planar structure similar to that of 7. The sugar moiety of 8 was also 

determined by NMR coupling constants and NOESY correlations analyses, and by 

comparing the HPLC retention time with the authentic L-rhamnose derivative, 

suggesting that the stereochemistry of the sugar moiety was that of α-L-rhamnose. 

Moreover, the 2,3-trans flavan-3-ol, which was identified in 7, was also seen in 8 

based on its NMR data for the same positions (δH 4.67, d, J = 7.3 Hz/δC 81.1 for C-

2 and δH 3.93, d, 7.3 Hz/δC 75.2 for C-3). The different features in 7 and 8 were 

observed in their optical rotations (+55 and −78, respectively), and the opposite CE 

at 290 nm in the CD spectra. The CD data of 8 showed a positive CE at 290 nm and 

a negative CE at 240 nm (Figure 54), indicating that the absolute configuration of 8 

was 2S, 3R (Slade et al., 2005). Therefore, the structure of compound 8 was identified 

as (2S,3R)-rugonine B. 
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Figure 49. 1H and 13C NMR spectra of compound 8 (600/150 MHz, methanol-d4) 

 

Figure 50. HSQC spectrum of compound 8 
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Figure 51. HMBC spectrum of compound 8 

 

 

Figure 52. 1H–1H COSY spectrum of compound 8 
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Figure 53. Key NOESY correlations of compound 8 

 

 

 

Figure 54. Experimental CD spectra of compound 8  
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4.3. Compound 9 

Compound 9 was isolated as an amorphous powder with [�]�
�� +199.6 (c 0.1, 

MeOH). The molecular formula, C32H43N3O10, was deduced from its HRESIMS ion 

peak at m/z 646.2974 [M + H]+ (calcd for C32H44N3O11, 646.2976). The IR spectrum 

of 3 displayed the absorption bands of hydroxyl or amine (3704 cm–1), C-H in 

heteroaromatic rings (2922 cm–1), C=NH or aromatic C (1682 cm–1), benzofuran 

(1195 cm–1), and C-O (1057 cm–1) functional groups. The NMR data of 9 (Table 4) 

suggested that 9 was similar to 7 and 8, excluding the lack of an olefinic bond at δH 

5.26/δC 120.1, 138.5, and the presence of an additional methylene at δH 1.75/δC 42.4, 

and an oxygenated quaternary carbon at δC 70.9 ppm. The COSY correlation between 

H2-1''' (δH 3.34) and H2-2''' (δH 1.75), as well as HMBC cross-peaks from H2-2''' to C-

3''' (δC 70.9), C-4''', and C-5''' (δC 29.5) revealed the presence of a 4-hydroxyl-4-

methyl pentyl moiety in 9 instead of the isoprenyl moiety in 7. The rhamnose moiety 

in 9 was also determined by the same method as in 7–8 by NMR coupling constants 

and NOESY analysis, as well as comparing the HPLC retention time to the authentic 

L-rhamnose derivative suggesting that the stereochemistry of the sugar moiety was 

that of α-L-rhamnose. The absolute configurations at C-2, C-3 were identified based 

on the large coupling constants of H-2 (δH 4.70, J = 7.3 Hz)/H-3 (δH 3.96, J = 7.7, 

5.4 Hz) indicating a 2,3-trans flavan-3-ol, and the CD data which showed a negative 

CEs at approximately 290, 240 nm similar to those of 7 (Figure 48). Therefore, the 

structure of compound 9 was identified as (2R,3S)-rugonine C.
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Figure 55. 1H and 13C NMR spectra of compound 9 (800/200 MHz, methanol-d4) 

 

Figure 56. HSQC spectrum of compound 9 
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Figure 57. HMBC spectrum of compound 9 
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Figure 58. 1H–1H COSY spectrum of compound 9 

 

 

Figure 59. Key NOESY correlations of compound 9 
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4.4. Compound 10 

Compound 10 was isolated as an amorphous powder with [�]�
�� + 27.5 (c 0.2, 

MeOH). The molecular formula, C21H23N3O6, was deduced from its HRESIMS ion 

peak at m/z 414.1649 [M + H]+ (calcd for C21H24N3O6, 414.1665). The 1H and 13C 

NMR spectra of 10 showed a similar pattern to the core guanidine-fused catechin 

skeleton of 7 with the absence of sugar and isopentenyl moieties. The relative 

configuration of 10 at C-2/3 was identified based on its large coupling constants of 

H-2 (δH 4.54, J = 6.9 Hz), H-3 (δH 3.83, J = 12.6, 6.9 Hz) indicated a 2,3-trans flavan-

3-ol as those of 7–9. The absolute configuration of 10 was determined to be 2R,3S 

by experimental CD data that showed negative CEs at approximately 290 nm and 

240 nm (Figure 48), which is typical for (+)-catechin (Kim et al., 2016; Korver & 

Wilkins, 1971; Slade et al., 2005). Hence, compound 10 was identified as (2R,3S)- 

rugonine D. 
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Figure 60. 1H and 13C NMR spectra of compound 10 (600/150 MHz, DMSO-d6) 
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Figure 61. HSQC spectrum of compound 10 
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Figure 62. HMBC spectrum of compound 10 
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4.5. Compound 11 

Compound 11 was isolated as an amorphous powder with [�]�
�� −16.4 (c 0.2, 

MeOH). The molecular formula of 11 was the same as that of 10, C21H23N3O6, which 

was deduced from its HRESIMS ion peak at m/z 414.1675 [M + H]+ (calcd for 

C21H24N3O6, 414.1665). The 1H and 13C NMR spectra of 11 shared the similarity to 

those of 10 excluded signals at δH 4.79 (s) (H-2) and 4.02 (s) (H-3). These features 

and the opposite optical rotation between 10 and 11 suggested that they might have 

different orientations at C-2 and C-3. In particular, based on the small coupling 

constants at C-2 and C-3, the relative configuration of 11 was identified as 2,3-cis 

flavan-3-ol (Slade et al., 2005). The absolute configuration of 11 was identified as 

2S, 3S by the CD spectrum, which showed negative CEs at 290 and 240 nm (Figure 

67) (Kang et al., 2017; Slade et al., 2005). Hence, the structure of 11 was determined 

to be (2S,3S)- rugonine E. 
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Figure 63. 1H and 13C NMR spectra of compound 11 (500/125 MHz, DMSO-d6) 
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Figure 64. HSQC spectrum of compound 11 
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Figure 65. HMBC spectrum of compound 11 
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Figure 66. 1H–1H COSY spectrum of compound 11 

 

 

Figure 67. Experimental CD spectra of compound 11  
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4.6. Compound 12 

Compound 12 was isolated as an amorphous powder with [�]�
�� +34.1 (c 0.2, 

MeOH). The molecular formula, C26H31N3O6, was deduced from its HRESIMS ion 

peak at m/z 482.2316 [M + H]+ (calcd for C26H32N3O6, 482.2291). The 1H and 13C 

NMR spectra of 12 shared a pattern similar to those of 7 except for the lacking of 

the sugar moiety. This led to the conclusion that 12 is another derivative of 

guanidine-catechin with an isoprenyl substituent that included two methyl groups at 

C-4''' (δH 1.64, δC 25.3) and C-5''' (δH 1.68, δC 17.8), an olefinic bond at C-3''' (δC 

135.0), C-2''' (δH 5.22, δC 120.2), and methylene at C-1''' (δH 3.75, δC 44.1). The 

connection between the isopentyl group and guanidine moiety was indicated via the 

HMBC correlation from H-1''' (δH 3.75 ppm) to δC 146.8 ppm. Similar to 7, the 

absolute configurations of 12 were elucidated as 2R,3S by the large coupling 

constants of H-2 (J = 5.8 Hz), H-3 (J = 6.2 Hz) indicating a 2,3-trans flavan-3-ol, 

and negative CEs at approximately 280−290 nm and 240 nm in CD spectra (Figure 

48). Therefore, compound 12 was determined to be (2R,3S)- rugonine F. 
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Figure 68. 1H and 13C NMR spectra of compound 12 (600/150 MHz, DMSO-d6) 
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Figure 69. HSQC spectrum of compound 12 
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Figure 70. HMBC spectrum of compound 12 
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4.7. Compound 13 

Compound 13 was isolated as an amorphous powder with [�]�
�� + 47.5 (c 0.2, 

MeOH). The molecular formula, C27H33N3O10, was deduced from its HRESIMS ion 

peak at m/z 560.2272 [M + H]+ (calcd for C27H34N3O10, 560.2244). The 1H and 13C 

NMR data of compound 13 shared the similarity with compound 7 excluding the 

absence of the isoprenyl substituent. The sugar moiety was determined by an 

anomeric signal (δH 4.30, δC 99.9 ppm), four oxygenated carbons (δH 3.15−3.47 ppm, 

and δC 69.0−72.0 ppm), and an additional methyl at δH 1.14, δC 17.9 ppm, which 

indicated the presence of a rhamnose moiety in 13. Based on the HMBC correlations 

from anomeric proton H-1'''' (δH 4.30) to C-3 (δC 72.04 ppm), the sugar moiety of 13 

was identified as 3-O-rhamnoside. The relative configuration of the sugar moiety 

was determined by coupling constants and NOESY analyses. The small coupling 

constant of H-1 (δH 4.30, s) and large 1JCH (170.0 Hz) suggested an α orientation of 

C-1'''', and the observed large coupling constants 3JH-H of H-4'''' (9.1 Hz) and H-5'''' 

(12.4, 6.1 Hz) indicated that H-3''''/H-4''''/H-5'''' were in axial orientation. 

Furthermore, the NOESY correlations of 13 were confirmed for the relative 

configuration in the sugar moiety as established by J values (Figure 75). The absolute 

configuration of the rhamnose was established by acid hydrolysis followed by 

conversion to the corresponding thiocarbamoyl-thiazolidine carboxylate derivative 

with L-cysteine methyl ester and o-tolyl isothiocyanate (Tanaka et al., 2007). The 

consistent HPLC retention times for the sugar in 13 and the authentic L-rhamnose 

derivative confirmed that the stereochemistry of the sugar moiety was that of α- L-

rhamnose. The absolute configurations of 13 at C-2, and C-3 were determined to be 

2R, 3S based on their large coupling constants at H-2 (J = 6.7 Hz)/H-3(J = 12.7, 6.5 

Hz), which indicated a 2,3-trans flavan-3-ol, and the CD data, which showed a 

negative CE at approximately 290 nm and 240 nm (Figure 48). Finally, the structure 

of 13 was identified as (2R,3S)- rugonine G.  
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Figure 71. 1H and 13C NMR spectra of compounds 13 (600/150 MHz, DMSO-d6) 
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Figure 72. HSQC spectrum of compound 13 
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Figure 73. HMBC spectrum of compound 13 
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Figure 74. 1H–1H COSY spectrum of compound 13 

 

Figure 75. Key NOESY correlations of compound 13 
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4.8. Compound 14 

Compound 14 was isolated as an amorphous powder with [�]�
�� +20.3 (c 0.2, 

MeOH). The molecular formula, C21H23N3O5, was deduced from its HRESIMS ion 

peak at m/z 396.1581 [M − H]− (calcd. for C21H22N3O5, 396.1565). The 1H NMR and 
13C NMR data of 14 showed similarities to those of 10 and 11 and the mass was 

different by 16 Da, suggesting that the structure of 14 differed from those of 10 and 

11 by less than one hydroxy group. The differences were also indicated by the 

presence of methylene at δC 28.6/δH 2.00, 1.82 instead of an oxygenated group as in 

10 and 11, and the greater upfield shift of C-4 (δC 18.8) in 14 compared to the other 

compounds. The HMBC correlations from H-2 (δH 4.80) to C-3 (δC 28.6), C-4 and 

the 1H-1H COSY spin system of H-2/H2-3/H2-4 suggested that 14 contained a C6-

C3-C6 ring similar to that of luteoliflavan (Roemmelt et al., 2003). Thus, the planar 

structure of 14 was elucidated, as shown in Figure 76. The configuration of C-2 was 

determined by comparing its ECD and NMR data with references. To date, there only 

a few flavans have been reported to occur naturally and all of them have the 2R 

absolute configuration that would be expected from the flavanone origin (Slade et 

al., 2005). Flavans showed a low specific rotation, making firm conclusions difficult,  

and their configuration could be determined only by studying their CD data (Slade 

et al., 2005). Experimentally, the CD spectrum of 14 showed a negative cotton effect 

(CE) at a 1Lb of 285 nm (Figure 48) which indicated the 2R absolute configuration 

(Slade et al., 2005). Moreover, the NMR data of 14 shared a similarity with those of 

luteoliflavan 5-glucoside (Roemmelt et al., 2003), suggesting a 2R configuration. 

Therefore, compound 14 was identified as (2R)-rugonine H.     
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Figure 76. 1H and 13C NMR spectra of compounds 14 (500/125 MHz, DMSO-d6) 

 

Figure 77. HSQC spectrum of compound 14 
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Figure 78. HMBC spectrum of compound 14 
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Figure 79. 1H–1H COSY spectrum of compound 14 
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4.9. Compound 15 

Compound 15 was isolated as an amorphous powder. The molecular formula, 

C6H13N3. The 1H NMR and 13C NMR data of 15 were identical with a compound 

named galegine as compared to the literature (Monache et al., 1999). 

 

 

 

Figure 80. 1H and 13C NMR spectra of compounds 15 (600/150 MHz, methanol-

d4) 
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5. Biological activities of compounds 1–15  

5.1. Biological activities of compounds 1–6  

Recent studies of antidiabetic effects of A. cordifolia leaf extracts (Eliakim-

Ikechukwu & Obri, 2010; Mohammed et al., 2012) suggested the evaluation of 1–6 

for stimulatory effects on the uptake of 2-NBDG by 3T3-L1 adipocyte cells. Firstly, 

six isolated compounds had been screened for their glucose uptake stimulatory 

activities on 3T3-L1 adipocyte cells at a concentration of 20 µM and compared to 

insulin as the positive control (100 nM). The cell viability result indicated that none 

of those compounds showed cytotoxicity at that concentration (Figure 81).   

Figure 81. Cell viability and screening of glucose uptake effects of compounds 1–6.  

(A) The cell viability of compounds 1–6 from A. rugosa using MTT assay on glucose 

uptake by 3T3-L1 adipocytes using a fluorescent derivative of glucose (2-NBDG). 

The compounds were treated to differentiated cells at 20 µM directly after being 

separated from the other diastereomer of each pair. Insulin (100 nM) was used as a 

positive control. (B) After 1h of incubation with 2-NBDG, fluorescent signals were 

measured at Ex/Em = 450/535 nm. 

Compounds 1–6 (20 μM) were used to treat 2-NBDG uptake in differentiated 

3T3-L1 adipocytes. As shown in Figure 82A, compounds 1–3 exhibited the most 

potent stimulatory effects compared to insulin. Measurement of fluorescent signals 

after treatment was performed using fluorescence microscopy to assess the efficacy 

of the transport of 2-NBDG into cells. Increased signal intensities after treatment 

with the compounds were readily observed in cells treated with 1–3 (Figure 82B). 

These fluorescence intensities indicated that 2-NBDG uptake increased in a dose-

dependent manner for the selected compounds (Figure 82C).  

 A B 
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Figure 82. Glucose uptake effects of compounds 1–3 in a dose-dependent manner 

in differentiated 3T3-L1 adipocytes. (A) Relative glucose uptake levels with 1–6 

versus glucose uptake by 3T3-L1 adipocytes using a fluorescent derivative of 

glucose, 2-NBDG. The compounds were added to differentiated cells at 20 µM. 

Insulin (100 nM) was used as a positive control. (B) Differentiated 3T3-L1 

adipocytes were treated with compounds 1–3 at concentrations of 5, 10, and 20 μM 

or insulin at 100 nM. (C) Compounds 1–3 concentrations dependently increase 

glucose uptake in 3T3-L1 adipocytes. After 1 h of incubation, the fluorescent signals 

were measured at Ex/Em = 450/535 nm. Data are expressed as the mean ± SD (n=3), 

each performed in triplicate; *p < 0.05, **p < 0.01, and ***p < 0.001, compared to the 

control.

A B 
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5.2. Biological activities of compounds 7–15  

5.2.1. Biological activities of compounds 7–15 in autophagy modulating 

To screen autophagy regulatory activities of compounds 7–15, the GFP-LC3 

stably expressing HEK293 cells were administrated. In the HEK293 cells, the 

formation of punctuates could be observed by using chloroquine (CQ) and 

rapamycin (RAPA) which were known to inhibit and induce autophagy, respectively. 

In the confocal microscopic image, the tested CQ and RAPA showed the formation 

of punctuates, and a GFP signal was detected in the cell cytosols. The results 

indicated that the formation of punctuates in the GFP-LC3 stable expressing 

HEK293 cells reveals autophagy regulation of compounds. Nine isolated compounds 

from A. rugosa (7–15) were treated at a concentration of 20 μM (the concentration 

that does not show cytotoxicity, Figure 83A) for 24 h the cytosols were checked 

under a confocal microscope. Compared with the control groups, a significant 

increase of LC3 puncta in HEK293-GFP-LC3 cells has been observed after treatment 

with compounds 10–13 at a concentration of 20 μM (Figure 83B). 

Figure 83. Cell viability in myoblast C2C12 cell line and screening of autophagy 

regulation effects of compounds 7–15 in HEK293-GFP-LC3 cells. (A) The cell 

viability of compounds 7–15 from A. rugosa using MTT assay on HEK293 cells. 

Tested compounds were treated at 20 µM compared to positive control insulin at 20 

nM. (B) Screening the regulation of autophagy for isolated compounds (7–15) from 

A. rugosa. HEK293 cells stably expressing GFP-LC3 were treated with 20 μM of 

tested compounds for 24 h, and confocal imaging was used to examine the 

production of LC3-GFP punctuates. 
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5.2.2. Compounds 10–13 inhibit the autophagy flux 

To investigate autophagy regulation by the tested compounds, the protein 

expression levels of LC3B and p62 were detected. The LC3B level was calculated 

as the LC3B II/I level, indicating the transition of LC3B I to II in autophagy. The 

p62 protein level was detected to monitor the degradation level in autophagosomes. 

CQ and RAPA were used as an autophagy inhibitor and activator, respectively. Under 

the CQ treatment, both the protein levels of LC3B and p62 were increased. Since 

CQ blocks the autophagic system, p62 could not be degraded, and LC3B II and I 

could not be used properly; therefore, they accumulated in the cells. In contrast, in 

the RAPA-treated group, autophagy was induced, leading to a strong LCB I to II 

transition; hence, a decrease in the LC3B I level and an increase in the LC3II level 

were observed in the Western blot results. Moreover, the p62 level was decreased 

due to the degradation of autophagolysosomes (Wang et al., 2015). As a result, 

compounds 10–13 at various concentrations of 5 and 20 μM exhibited the same 

effects in the CQ-treated group, which showed increases in the LC3B and p62 levels 

(Figure 84A). Moreover, the protein expression levels of p62 and LC3 II increased 

in a dose-dependent manner compared to those of the control group (Figure 84A). 

This finding suggested that these compounds inhibited protein degradation by the 

autolysosome by blocking the fusion of autophagosomes and lysosomes. 

To prove this hypothesis, GFP-mRFP-LC3 was transfected into HEK293 cells, 

and autophagosomes were examined using confocal microscopy. GFP-mRFP-LC3 

transfected cells were treated with compounds 10–13 at a concentration of 20 μM, 

and DAPI staining was performed on glass slides. GFP and mRFP were activated in 

the autophagosome, but when the autophagosome became an autolysosome, GFP 

was deactivated due to the autolysosome's pH. Therefore, in the RAPA-treated group 

in which autophagy was induced, GFP activation was lost, but mRFP puncta were 

activated and expressed. Thus, the combined image showed red fluorescence puncta 

that indicated the increased autophagy flux and increased numbers of autolysosomes 

under RAPA treatment compared to the control group (Figure 84B). In contrast, the 

CQ treatment group had a higher quantity of yellow puncta than the control group in 

the merged image, suggesting that autophagosome activation was prevented by CQ 

treatment, and autophagosomes accumulated in the cytosol, revealing a large number 

of GFP- and mRFP-activated autophagosomes (Figure 84B). Based on this result, 
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the effects of compounds 10–13 on autophagosomes were also analyzed, and the 

yellow puncta in these treatment groups appeared strongly. According to these 

findings, guanidine-conjugated catechins (10–13) isolated from A. rugosa leaves 

have an inhibitory effect on autophagic flux. 

Based on the structures and activities of 7–15, a gross SAR for this guanidine 

type can be delineated as follows: (1) the core skeleton of guanidine-conjugated 

flavan-3-ol is crucial for autophagy modulation activity since the activities were 

observed in 10–13 but not 14, which has no hydroxy functional group at C-3 and 

showed no effect in the autophagy assay (Figure 83B); (2) the addition of one 

substituent, such as one sugar moiety or a side chain, does not affect the activities, 

but two or more substituents have an effect, as indicated by the activities of 12 and 

13 and the lack of activities observed for 7–9 (Figure 9); (3) the different 

configurations at C-2 and C-3 did not affect the autophagy inhibition effects, as 

shown for 10 and 11, which differed in the C-2 and C-3 absolute configurations but 

both showed activity.
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Figure 84. The autophagy marker protein expression level of compounds treated 

cells and the GFP-mRFP-tagged LC3 punctuate images with the treatment of 

compounds 10–13. (A) The level of autophagy marker protein expression in cells 

treated with compounds 10–13. The LC3B was determined using the LC3B II/I ratio, 

which was then standardized against the control group (non-treated group). The p62 

protein level was detected, and the expression level was normalized by dividing the 

protein level of the control group. (CQ: chloroquine treatment group at 25 μM, Rapa: 

rapamycin treatment group at 0.25 μM). (B) The GFP-mRFP-tagged LC3 punctuates 

images with the treatment of compounds. The autophagy-regulated compounds 10–

13 were treated in HEK293 cells and the LC3 puncta were detected by using confocal 

microscopy. 

 

Although guanidines have not been frequently found in natural products, 

especially plant materials, in contrast to other types of alkaloids, their substantial 

hydrophilicity makes them suitable for the drug development, and some have even 

been used clinically, such as streptomycin (Berlinck et al., 2021). Since the guanidine 

A B 
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functional group has limited occurrence in nature, guanidine-bearing molecules are 

structurally unique and often exhibit potent biological activities (Berlinck et al., 

2012). By using HRESI-MS/MS-based molecular networking, the interesting cluster 

of guanidines from A. rugosa leaves has been quickly investigated in order to isolate 

new natural guanidines. In addition to biological effects that have been reported 

previously, the new finding of autophagy inhibition activities in plant guanidines 

(10–13) contributes to the potential activities of natural products in general and 

guanidine derivatives in particular. Notably, guanidine derivatives have been 

reported to show autophagy regulation, both induction and inhibition, as exemplified 

by metformin and DBeQ, respectively. Our results suggested that natural guanidines 

(10–13) exhibited potential autophagy inhibition activities which are promising for 

targeted therapy in cancer (Xie et al., 2021) and also for the treatment of muscle 

atrophy (Sartori et al., 2021a). 
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6. Experimental Section 

6.1. Materials  

6.1.1. Plant material 

Leaves of the plant material were collected in Quang Trung commune, Ngoc 

Lac district, Thanh Hoa Province, Vietnam, in May 2016. Samples were identified 

as Alchornea rugosa (Lour.) Müll.Arg. based on morphological characteristics by Dr. 

P. T.Thuong, Division of Herbal Products, Vietnam-Korea Institute of Science and 

Technology (VKIST), Hanoi, Vietnam. A voucher specimen was deposited in the 

Herbarium of VKIST under accession number VKIST-HP-01. 

 

6.1.2. Chemicals and reagents  

Column chromatography (CC) was performed by using Diaion HP-20 resin 

(250−850 μm particle size, Merck, Germany), and medium-pressure liquid 

chromatography (MPLC) was carried out with a Biotage Isolera One MPLC system 

equipped with an RP-C18 column (120 g, Grace), Sephadex LH-20 (Sigma-Aldrich, 

Inc., St. Louis, MO, USA), and RP-C18 (40−63 μm particle size, Merck, Germany). 

TLC silica gel 60 RP-C18 F254 plates (Merck, Darmstadt, Germany) were used for 

thin-layer chromatography. Industrial grades of MeOH, EtOH, and EtOAc were used 

for extraction, partition, and fractionation steps. Analytical grades of MeOH, MeCN, 

formic acid (FA), and trifluoroacetic acid (TFA) were used for isolation. All solvents 

were purchased from DaeJung Pure Chemical Engineering Co Ltd. (Siheung, 

Republic of Korea). Deuterated NMR solvents and dimethyl sulfoxide (DMSO) 

were purchased from BK Instuments Inc. (Daejeon, Republic of Korea).   

 

6.1.3. Equipment and software 

Optical rotations were recorded on a JASCO P-2000 polarimeter (JASCO 

International Co. Ltd., Tokyo, Japan) with a 10 mm path length cell at a specified 

temperature. UV and ECD spectra were obtained from a ChirascanPlus CD 

spectrometer (Applied Photophysics, Leatherhead, UK). IR spectra were measured 

on a JASCO FT/IR-4200 spectrometer (Thermo Electron Corp., Waltham, MA, 

USA). NMR data were measured by using AVANCE-500 MHz (Bruker, Rheinstetten, 

Germany) and JNM-ECA-600 MHz (JEOL, Tokyo, Japan) spectrometers coupled 

with a 5 mm cryoprobe (Bruker, Germany). NMR spectra were processed on 
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MestReNova software (Mastrelab Research, USA). HRESIMS/MS data were 

collected by an UHPLC-ESI-qTOF-MS system with a Waters Xevo G2 QTOF mass 

spectrometer (Waters MS Technologies, UK), a Water BEH C18 (100×2.1 mm, 1.7 

µm, Water, USA), and analyzed by MassLynx SCN 855 software. The preparative 

HPLC system used for isolation included a Gilson 321 pump and Gilson UV/VIS 

151 detector (Gilson Inc., USA), OptimaPak C18 column (10 × 250 mm, 5 μm particle 

size, RS Tech, Seoul, Korea), and a YMC-Triart Phenyl column (250 × 10.0 mm i.d., 

5 μm particle size, YMC Co., Ltd.). The conformational search was performed using 

CONFLEX 7 Rev. (CONFLEX Corporation, Japan); ECD calculations were done 

by TURBOMOLE 3.4 (COSMOlogic GmbH & Co. KG, Germany). Samples 

preparation for HRESI MS/MS analyses and separation used sonicator Power Sonic 

420 (Hwashin Tech Co., Ltd., Republic of Korea), evaporator EYELA KSB-202 

(Eyela Singapore Pte. Ltd., Singapore), centrifuge MICRO17TR (Hanil Scientific 

Inc., Korea). Biological experiments used autoclave LAC-5080S (DAIHAN 

LABOTECH Co. Ltd., Korea), clean bench Class II Biological Safety Cabinet (Esco 

Technologies, Inc., USA), microplate reader VersaMax (Molecular Devices, USA)   

 

6.2. Extraction and isolation 

Dry leaves of A. rugosa (10.0 kg) were extracted with EtOH at room temperature 

for 24 h (3 × 20 L) to obtain the EtOH extract (300 g) after freeze-drying. This extract 

was subsequently suspended in distilled H2O and applied to a Diaion HP-20 column 

(15 × 65 cm i.d.). The extract was eluted with H2O, 25%, 50%, 100% MeOH, and 

acetone. The 25% MeOH fraction (AR25, 40 g) was partitioned between EtOAc and 

H2O. The organic layers were combined to obtain 15.0 g of the EtOAc fraction. The 

aqueous layer (18.0 g) was concentrated and loaded on an MPLC with a 10−50% 

MeOH gradient system as a mobile phase, and 8 fractions (M1−M8) were obtained. 

Fraction M2 (5.0 g) was separated by size-exclusion chromatography using a 

Sephadex LH-20 (Փ 5.0×80.0 cm i.d.) and eluted with 100% MeOH. Three 

subfractions (L1−L3) were obtained. L2 (4.0 g) was repeatedly separated by MPLC 

using a gradient of 20−40% MeOH, which yielded eight subfractions (M1−M8). 

Fraction M2 (1.0 g) was again divided into seven fractions using a Sephadex LH-20 

(Փ 2.5×75.0 cm i.d.) by eluting with 100% MeOH. Fraction L2.2.2 (300.0 mg) was 

separated by HPLC with an isocratic mobile phase of 15% MeCN/H2O (0.1% TFA) 
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to obtain a mixture of compounds 1–2 (12.0 mg), and compound 12 (31.6 mg). 

Fraction L2.2.5 (128.0 mg) was separated by HPLC using an isocratic phase of 17% 

MeCN/H2O (0.1% TFA) to yield a mixture of compounds 3–4 (6.0 mg), and 11 (18.0 

mg). Similarly, fraction L2.2.7 (90 mg) was subjected to HPLC using 15% 

MeCN/H2O (0.1% TFA) to obtain compounds 5–6 (4.0 mg), and 8 (12.5 mg). These 

mixtures were further separated by an HPLC Gilson system equipped with a YMC-

Triart Phenyl column using MeOH/H2O (0.1% TFA) to yield 1 (5.0 mg) and 2 (4.0 

mg) [from a gradient of 48−50% MeOH/ H2O (0.1% TFA)], 3 (2.0 mg) and 4 (2.5 

mg) [from an isocratic phase of 38% MeOH/H2O (0.1% TFA)], and 5 (1.0 mg) and 

6 (1.0 mg) [from an isocratic phase of 36% MeOH/H2O (0.1% TFA)]. Purification 

of sub-fraction L2.5 using a semipreparative HPLC and a 5µm Optimapak column 

(15% MeCN/H2O (0.1% TFA)) isocratic, flow rate: 3.0 mL/min, UV detector at two 

wavelengths of 201 and 280 nm) obtained compound 13 (25.0 mg). With the same 

condition on the semipreparative HPLC, fraction L2.6 yielded compounds 7 (31.8 

mg) and 10 (12.0 mg). Fraction M5 (3.5 g) was chromatographed on a Sephadex 

LH-20 (Փ 5.0×80.0 cm i.d.) eluted with 100% MeOH to afford six sub-fractions 

(L1–L6). Fraction M5.2 afforded 4.5 mg of compound 14 after isolating with 35% 

MeOH/H2O (0.1% TFA) and a flow rate of 3 mL/min on a semipreparative HPLC 

equipped with a 5µm Optimapak column. Fraction M5.5 was applied to the HPLC 

system using5µm Optimapak column eluted with 35% MeOH/H2O (0.1% TFA) at a 

flow rate of 3 mL/min to give compound 9 (4.0 mg). Fraction M8 (2.1 g) was applied 

to an LH-20 column to yield compound 15 (14.1 mg). 
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Scheme 1. Isolation scheme of compounds 1–15 from A. rugosa leaves
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6.3. Physical and chemical characteristics of isolated compounds 

6.3.1. Compound 1 

Rugonidine A (1)  

Pale yellowish amorphous powder; 

[�]�
�� +30 (c 0.2, MeOH);  

UV(MeOH) λmax (log ε) 230 (0.34), 280 (0.23);  

IR (KBr) νmax 3276, 3217, 2979, 2925, 2373, 2352, 2321, 2309, 1706,1697, 

1617, 1648, 1637, 1523, 1454, 1314, 1201, 1135, 1046, 1017, 946, 838, 800, 

719 cm−1;  
13C and 1H NMR data, see Tables 2 and 3;  

HRESIMS m/z 644.2833 [M + H]+, (calcd for C32H42N3O11, 644.2819). 

 

6.3.2. Compound 2 

Rugonidine B (2)  

Pale yellowish amorphous powder; 

[�]�
�� −17 (c 0.2, MeOH);  

UV(MeOH) λmax (log ε) 237 (0.34), 280 (0.23);  

IR (KBr) νmax 3276, 3222, 2979, 2925, 2854, 2373, 2352, 2322, 2341, 1747, 

1706, 1680, 1627, 1523, 1454, 1316, 1203, 1136, 1046, 800, 724 cm−1;  
13C and 1H NMR data, see Tables 2 and 3; HRESIMS m/z 644.2827 [M + H]+, 

(calcd for C32H42N3O11, 644.2819). 

 

6.3.3. Compound 3 

Rugonidine C (3)  

Pale yellowish amorphous powder; 

[�]�
�� +20 (c 0.2, MeOH);  

UV(MeOH) λmax (log ε) 215 (0.83), 281 (0.65);  

IR (KBr) νmax 3244, 2929, 1706, 1679, 1626, 1527, 1456, 1442, 1201, 1136, 

1046, 1019, 801, 721 cm−1;  
13C and 1H NMR data, see Tables 2 and 3; 

HRESIMS m/z 576.2201 [M + H]+ (calcd for C27H34N3O11, 576.2193). 
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6.3.4. Compound 4 

Rugonidine D (4) 

Pale yellowish amorphous powder; 

[�]�
�� −5 (c 0.2, MeOH);  

UV(MeOH) λmax (log ε) 215 (0.03), 281 (0.63);  

IR (KBr) νmax 3313, 3249, 2925, 2852, 2363, 2350, 2310, 1747, 1706, 1689, 

1647, 1625, 1611, 1543, 1523, 1458, 1201, 1135, 1114, 1045, 841, 803, 721 

cm−1;  
13C and 1H NMR data, see Tables 2 and 3; 

HRESIMS m/z 576.2201 [M + H]+ (calcd for C27H34N3O11, 576.2193). 

  

6.3.5. Compound 5 

Rugonidine E (5)  

Pale yellowish amorphous powder; 

[�]�
�� +2 (c 0.2, MeOH);  

UV(MeOH) λmax (log ε) 215 (0.95), 281 (0.76);  

IR (KBr) νmax 3243, 2962, 2924, 2848, 1706, 1679, 1627, 1524, 1456, 1199, 

1137, 1043, 843, 801, 723 cm−1;  
13C and 1H NMR data, see Tables 2 and 3; 

HRESIMS m/z 430.1635 [M + H]+ (calcd. for C21H24N3O7, 430.1614).  

 

6.3.6. Compound 6 

Rugonidine F (6) 

Pale yellowish amorphous powder; 

[�]�
�� −4 (c 0.2, MeOH);  

UV(MeOH) λmax (log ε) 213 (0.74), 280 (0.63);  

IR (KBr) νmax 3276, 3222, 2979, 2925, 2854, 2373, 2352, 2322, 2341, 1747, 

1076, 1680, 1627, 1524, 1454, 1316, 1203, 1136, 1046, 800, 724 cm−1;  
13C and 1H NMR data, see Tables 2 and 3; 

HRESIMS m/z 430.1609 [M + H]+, (calcd. for C21H24N3O7, 430.1614). 
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Table 2. 1H NMR data for 1–6 from A. rugosa (δH in ppm and J in Hz) 

No. 1a 2b 3b,*  4a,* 5a  6a 

2 4.63, d (8.1) 4.64, d (6.1) 4.70, d (8.1) 4.65, d (8.1) 4.49, d (7.1) 4.49, d (7.1) 
3 3.76, td (8.1, 7.9, 5.6) 3.82, m 3.90, m 3.90, qd (8.1, 5.6, 2.3) 3.50, m 3.50, m 
4β 2.78, dd (5.6, 16.1) 2.82, dd (5.6, 16.0) 2.94, dt (5.8, 16.0) 2.94, ddd (16.1, 7.7, 5.6) 2.73, dd (16.1, 4.2) 2.73, dd (16.1, 4.2) 
4α 2.53, m 2.54, m 2.67, dd (16.0, 8.9) 2.67, dd (16.1, 9.0) 2.39, dd (16.1, 8.3) 2.39, dd (16.1, 8.3) 
6 5.96, s 5.97, d (2.4) 5.97, br s 5.97, s 5.94, s 5.94, s 
2' 6.79, d (1.9) 6.80, d (2.0) 6.86, d (2.0) 6.88, d (2.0) 6.78, br s 6.78, br s 
5' 6.73, d (8.2) 6.73, d (8.2) 6.79, d (8.2) 6.79, d (8.2) 6.71, m 6.71, m 
6' 6.66, dd (1.9, 8.2) 6.66, d (8.2) 6.74, dd (8.2, 2.0) 6.74, dd (8.2, 2.0) 6.65, d (7.0) 6.65, d (7.0) 

1''a 3.95, d (6.9) 3.96, dd (8.3, 11.9) 3.93, m 3.92, m 3.90, d (11.0) 3.90, d (11.0) 
1''b 3.85, dd (6.9, 11.0) 3.86, dd (6.0, 8.3) 3.79, dd (11.9, 5.9) 3.79, dd (11.9, 6.9) 3.74, d (11.7) 3.74, d (11.7) 
4'' 1.13, s 1.12, s 1.52, s 1.52, s 1.48, s 1.48, s 
5'' 1.51, s 1.51, s 1.61, s 1.61, s 1.11, s 1.11, s 

1'''a 3.89, dd (6.5, 8.6) 3.88, d (6.2)     

1'''b 3.82, dd (6.0, 8.6) 3.82, m     

2''' 5.23, d (6.5) 5.23, d (6.2)     

4''' 1.72, s 1.71, s     

5''' 1.67, s 1.67, s     

1'''' 4.05, s 4.06, s 4.22, s 4.22, s   

2'''' 3.31, m 3.31, t (3.9) 3.33, m 3.53, m   

3'''' 3.36, td (3.2, 9.2) 3.35, td (2.9, 9.3) 3.57, d (3.5) 3.57, m   

4'''' 3.12, td (3.2, 9.2) 3.12, td (2.9, 9.3) 3.58, dd (9.5, 3.5) 3.58, m   

5'''' 3.48, dd (5.9, 9.2) 3.49, td (6.0, 2.9) 3.54, dd (6.1, 3.5) 3.54, m   

6'''' 1.11, d (6.4) 1.11, d (6.0) 1.24, d (6.1) 1.24, d (6.2)   

C=N 
 

     

1''-NH 9.59, s 9.60, s   9.38, s  9.38, s  
1'''-NH 9.08, d (6.0) 9.09, q (6.0)    10.33, s 10.33, s 

a Recorded at 600 MHz, b Recorded at 500 MHz, *Recorded in MeOH  
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Table 3. 13C NMR data for 1–6 from A. rugosa in DMSO-d6 (δC, type) 

No. 
1a 2b 3a 4a 5a 6a 

δC, type δC, type δC, type δC, type δC, type δC, type 
2 79.1, CH 79.2, CH 79.1, CH 79.1, CH 81.1, CH 81.1, CH 
3 72.6, CH 72.7, CH 72.6, CH 72.6, CH 69.8, CH 69.8, CH 
4 27.7, CH2 27.8, CH2 27.6, CH2 27.6, CH2 29.0, CH2 29.0, CH2 
5 156.0, C 156.0, C 155.9, C 155.9, C 155.8, C 155.8, C 
6 89.3, CH 89.4, CH 89.4, CH 89.4, CH 89.2, CH 89.2, CH 
7 155.5, C 155.5, C 155.5, C 155.5, C 155.5, C 155.5, C 
8 109.6, C 109.6, C 109.6, C 109.6, C 109.4, C 109.4, C 
9 150.5, C 150.5, C 150.5, C 150.5, C 150.7, C 150.7, C 
10 101.0, C 101.0, C 100.9, C 100.9, C 101.4, C 101.4, C 
1' 129.5, C 129.5, C 129.6, C 129.6, C 130.4, C 130.4, C 
2' 114.0, CH 114.0, CH 114.0, CH 114.0, CH 114.5, CH 114.5, CH 
3' 145.0, C 145.0, C 145.0, C 145.0, C 144.9, C 144.9, C 
4' 145.1, C 145.2, C 145.1, C 145.1, C 144.9, C 144.9, C 
5' 115.2, CH 115.2, CH 115.2, CH 115.2, CH 115.1, CH 115.1, CH 
6' 118.0, CH 118.0, CH 118.0, CH 118.0, CH 118.2, CH 118.2, CH 
1'' 45.7, CH2 45.7, CH2 45.6, CH2 45.6, CH2 45.6, CH2 45.6, CH2 
2'' 108.4, C 108.4, C 108.2, C 108.2, C 108.1, C 108.1, C 
3'' 44.2, C 44.2, C 44.1, C 44.1, C 44.2, C 44.2, C 
4'' 24.5, CH3 24.5, CH3 24.5, CH3 24.5, CH3 24.5, CH3 24.5, CH3 
5'' 20.3, CH3 20.3, CH3 20.3, CH3 20.3, CH3 20.3, CH3 20.3, CH3 
1''' 40.1, CH2 40.0, CH2         
2''' 118.6, CH 118.6, CH 

 
       

3''' 136.3, C 136.3, C 
 
       

4''' 25.3, CH3 25.4, CH3 
 
       

5''' 17.9, CH3 17.9, CH3 
 
       

1'''' 100.1, CH 100.1, CH 100.1, CH 100.1, CH     
2'''' 70.1, CH 70.1, CH 70.2, CH 70.2, CH     
3'''' 70.6, CH 70.6, CH 70.6, CH 70.6, CH     
4'''' 71.8, CH 71.9, CH 71.9, CH 71.9, CH     
5'''' 68.9, CH 68.9, CH 68.9, CH 68.9, CH     
6'''' 17.8, CH3 17.8, CH3 17.8, CH3 17.8, CH3     

C=N 159.0, C 159.0, C 160.3, C 160.3, C 160.5, C 160.5, C 
a Recorded at 150 MHz, b Recorded at 125 MHz  
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6.3.7. Compound 7 

(2R,3S)-Rugonine A (7) 

Light brown powder; 

[�]�
�� + 54.9 (c 0.2, MeOH);  

UV (MeOH) λmax (log ε) 223 (3.28), 282 (2.46);  

IR (KBr) νmax 3704, 3237, 2967, 2942, 2869, 1683, 1629, 1461, 1203, 1136, 1054, 

1033, 1012, 837, 800, 721 cm−1;  
1H and 13C NMR (500 and 125 MHz in methanol-d4), see Table 4;  

HRESIMS m/z 628.2859 [M + H]+ (calcd for C32H42N3O10, 628.2865). 

 

6.3.8. Compound 8 

(2S,3R)-Rugonine B (8) 

Light brown powder; 

[�]�
�� –78.0 (c 0.1, MeOH);  

UV(MeOH) λmax (log ε) 228 (2.27), 280 (1.56);  

IR (KBr) νmax 3252, 2977, 2937, 1668, 1613, 1441, 1383, 1279, 1200, 1146, 1072, 

983, 841, 718 cm−1;  
1H and 13C NMR (500 and 125 MHz in methanol-d4), see Table 4;  

HRESIMS m/z 628.2870 [M + H]+ (calcd for C32H42N3O10, 628.2865). 

 

6.3.9. Compound 9 

(2R,3S)-Rugonine C (9)  

Light yellow powder; 

[�]�
�� +119.6 (c 0.1, MeOH);  

UV(MeOH) λmax (log ε) 228 (2.27), 280 (1.56);  

IR (KBr) νmax 3305, 2972, 1676, 1618, 1443, 1384, 1200, 1140, 1076, 1041, 979, 

837, 798, 724 cm−1;  
1H and 13C NMR (800 and 200 MHz in methanol-d4), see Table 4;  

HRESIMS m/z 646.2974 [M + H]+ (calcd for C32H44N3O11, 646.2976). 
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6.3.10. Compound 10 

(2R,3S)-Rugonine D (10) 

Light brown powder; 

[�]�
�� +27.5 (c 0.2, MeOH);  

UV (MeOH) λmax (log ε) 225 (2.63), 280 (1.85);  

IR (KBr) νmax 3705, 3194, 2977, 2934, 2864, 1683, 1613, 1530, 1456, 1196, 1058, 

1028, 1009, 826 cm−1;  
1H and 13C NMR (600 and 150 MHz in DMSO-d6), see Table 5;  

HRESIMS m/z 414.1649 [M + H]+ (calcd for C21H24N3O6, 414.1665) 

 

6.3.11. Compound 11 

(2R,3R)-Rugonine E (11) 

Light brown powder 

[�]�
�� −16.4 (c 0.2, MeOH);  

UV (MeOH) λmax (log ε) 223 (2.49), 280 (1.70);  

IR (KBr) νmax 3179, 1682, 1611, 1527, 1446, 1376, 1281, 1200, 1137, 1105, 1047, 

1024, 1001, 825, 800, 766, 721 cm−1;  
1H and 13C NMR (600 and 150 MHz in DMSO-d6), see Table 5;  

HRESIMS m/z 414.1675 [M + H]+ (calcd for C21H24N3O6, 414.1665). 

 

6.3.12. Compound 12 

(2R,3S)-Rugonine F (12) 

Light brown powder 

[�]�
�� +34.1 (c 0.2, MeOH);  

UV (MeOH) λmax (log ε) 225 (2.63), 280 (1.85);  

IR (KBr) νmax 3705, 2972, 2923, 1678, 1619, 1205, 1136, 1058, 1033, 1013, 718 

cm−1;  
1H and 13C NMR (600 and 150 MHz in DMSO-d6), see Table 5;  

HRESIMS m/z 482.2316 [M + H]+ (calcd for C26H32N3O6, 482.2291). 
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6.3.13. Compound 13 

(2R,3S)-Rugonine G (13) 

Light brown powder; 

[�]�
�� +47.5 (c 0.2, MeOH);  

UV (MeOH) λmax (log ε) 223 (3.28), 282 (2.46);  

IR (KBr) νmax 3700, 3346, 2972, 2942, 2869, 2843, 1673, 1619, 1525, 1456, 1196, 

1146, 1053, 1032, 1013, 807, 722 cm−1;  
1H and 13C NMR (600 and 150 MHz in DMSO-d6), see Table 5;  

HRESIMS m/z 560.2272 [M + H]+ (calcd for C27H34N3O10, 560.2244). 

 

6.3.14. Compound 14 

(2R)-Rugonine H (14) 

Light brown powder; 

[�]�
�� +20.3 (c 0.2, MeOH);  

UV (MeOH) λmax (log ε) 212 (3.08), 280 (2.36);  

IR (KBr) νmax 3173, 2967, 1692, 1623, 1461, 1383, 1348, 1284, 1161, 1092, 1023, 

998, 821, 763 cm−1;  
1H and 13C NMR (500 and 125 MHz in DMSO-d6), see Table 5;  

HRESIMS m/z 396.1581 [M − H]− (calcd for C21H22N3O5, 396.1565). 
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Table 4. 1H and 13C NMR data for compounds 7–9 from A. rugosa in methanol-d4 

Pos. 
7b   8a   9c 

δH (J in Hz) δC   δH (J in Hz) δC   δH (J in Hz) δC 
2 4.71, d (7.3) 81.2  4.67, d (7.3) 81.1  4.70, d (7.3) 81.2 
3 3.97, q (7.3) 75.4 

 
3.93, q (7.3) 75.2 

 
3.96, td (5.4, 7.7) 75.3   

4 2.86, dd (5.5, 16.5) 27.3  2.83, dd (5.5, 16.3) 27.3  2.86, dd (5.4, 16.2) 27.4 
 2.75, dd (7.7, 16.5)   2.69, dd (7.8, 16.3)   2.72, dd (5.4, 16.2)  

5 
 

158.8  
 

157.2   158.7 
6 6.10, s 96.0  6.06, s 95.9  6.09, s 95.8 
7  157.3   155.7   157.3 
8  95.9   95.7   95.8 
9  155.5   155.4   157.3 
10  100.8   100.7   100.8 
1'  131.6   131.5   131.6 
2' 6.76, d (2.0) 115.0  6.73, d (2.0) 114.9  6.76, d (2.1) 115.0 
3'  146.2   146.1   146.2 
4'  146.4   146.3   146.4 
5' 6.73, d (7.8) 116.1  6.69, d (8.1) 115.9  6.72, d (8.1) 116.0 
6' 6.66, dd (2.3, 8.3) 119.6  6.62, dd (2.0, 8.1) 119.5  6.65, dd (2.1, 8.1) 119.6 
1''  115.0   114.9   114.9 
2''  131.3   131.2   131.2 
3'' 2.78, q (7.3) 26.2  2.75, q (7.3) 26.2  2.76, p (7.0) 26.2 
4'' 1.11, d (7.0) 21.5  1.07, d (7.1) 21.4  1.10, d (7.0) 21.5 
5'' 1.13, d (7.0) 21.6  1.10, d (7.1) 21.5  1.12, d (7.0) 21.6 
C=NH 11.65* 147.6   147.6   147.6 
1''' 3.81, d (6.9) 41.9  3.77, d (7.0) 41.8  3.34, d (6.9) 40.4 
2''' 5.26, t (6.9) 120.1  5.23, t (7.3) 120.1  1.75, dd (6.9, 8.2) 42.4 
3'''  138.5   138.4   70.9 
4''' 1.69, s 18.0  1.66, s 17.9  1.23, d (5.0) 29.5 
5''' 1.73, s 25.7  1.70, s 25.6  1.23, d (5.0) 29.5 
1'''' 4.35, d (1.5) 102.0  4.33, s 102.0  4.35, d (1.7) 102.0 
2'''' 3.54, d (3.4) 72.0  3.51, br s 71.9  3.53, q (1.7) 72.0 
3'''' 3.57, dd (3.4, 9.4) 72.3  3.55, br s 72.1  3.56, d (9.5) 72.2 
4'''' 3.33, d (9.4) 73.9  3.28, d (10.0) 73.8  3.33, d (7.4) 73.9 
5'''' 3.65, dq (6.3, 12.4) 70.3  3.62, dt (3.4, 6.1) 70.3  3.64, dd (6.2, 9.5) 70.3 
6'''' 1.25, d (6.3) 17.9  1.21, d (6.1) 17.8  1.24, d (6.2) 17.9 
1''-NH 11.93*        
a 1H and 13C NMR spectra were acquired at 500 and 125 MHz, respectively  
b 1H and 13C NMR spectra were acquired at 600 and 150 MHz, respectively 
c 1H and 13C NMR spectra were acquired at 800 and 200 MHz, respectively 
* data recorded in DMSO-d6
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Table 5. 1H and 13C NMR data for compounds 10–14 from A. rugosa in DMSO-d6  

No. 
10b   11a   12b   13b  14a 

δH (J in Hz) δC   δH (J in Hz) δC   δH (J in Hz) δC   δH (J in Hz) δC  δH (J in Hz) δC 
2 4.54, d (6.9) 81.3  4.74, s 78.5  4.71, d (5.8) 81.2  4.74, d (6.7) 78.8  4.80, d (9.9) 76.7 

3 
3.83, dd  
(12.6, 6.9) 

66.0 
 

3.98, s 64.6 
 

4.01, t-like (6.2) 66.0 
 

3.91, dd  
(12.7, 6.5) 

72.0 
 2.00, d (7.3) 

1.82, q (9.9, 
7.3) 

28.6 
    

4 

2.66, dd  
(15.8, 4.7) 
2.42, dd  
(6.1, 7.5) 

27.4 
 

2.60,dd  
(4.4, 16.2) 

28.2 
 

2.63, dd (12.6, 
6.2) 

17.8 
 

2.67, dd  
(16.3, 5.5) 

25.9 
 2.54, d (10.6) 

18.8 

 
2.46, s 

 
2.41, dd (16.7, 
8.0)  

2.57, dd  
(16.1, 7.2)  

 

5  156.9   157.3   156.7   157.0   156.6 
6 6.11, s 94.8  6.07, s 94.8  6.10, s 94.7  6.15, s 95.1  6.07, s 94.6 
7  155.6   155.4   155.7   156.0   155.4 
8  94.1   94.3   99.1   94.3   95.0 
9  153.9   154.4   153.9   153.8   154.8 
10  99.2   98.7   99.1   98.8   100.4 
1'  130.3   130.3   130.3   129.8   132.5 
2' 6.65, s 114.5  6.74, d (2.2) 114.7  6.73, s 114.6  6.66, s 114.1  6.71, s 113.6 
3'  144.8   144.5   144.8   145.1   145.0 
4'  144.8   144.5   144.8   145.1   144.7 
5' 6.64, s 115.0  6.59, d (8.1) 114.8  6.60, d (8.1) 115.1  6.68, s 115.3  6.65, d (7.0) 115.2 
6' 6.53, d (7.2) 118.0  6.54, d (7.1) 118.0  6.52, d (8.1) 118.0  6.56, d (8.1) 117.9  6.56, d (7.1) 116.9 
1''  112.9   113.0   113.1   112.9   112.7 
2''  128.7   128.6   129.1   128.9   128.7 

3'' 
2.62, dd  
(13.7, 6.7) 

24.3  
2.62, dd  
(13.9, 7.0) 

24.4  2.67, d (4.6) 24.5  2.63, m 24.5  2.60, m 24.4 

4'' 1.00, s 21.1  1.00, d (7.0) 21.2  1.01, s 21.2  1.00, d (6.9) 21.3  1.00, d (6.7) 21.3 
5'' 0.99, s 21.1  0.95, d (7.0) 21.1  1.01, s 21.3  1.03, d (7.0) 21.3  1.01, d (6.7) 21.3 
C=NH 12.14, s 146.0  12.15, s 146.0  12.11, s 146.8  12.28, s 146.3   146.9 
1''-NH 11.59, s   11.54, s   9.58, s   11.70, s   8.33, br s   
1'''-NH 
or NH2 

7.07, br s   7.09, s   10.34, s 
  

7.17, s 
 

 
7.46, br s 

 

1'''       3.81, s 44.1       
2'''       5.21, s 120.3       
3'''        135.0       
4'''       1.53, s 25.3       



92 

 

5'''       1.30, s 17.8       
1''''          4.30, s 99.9    
2''''          3.36, br s 70.5    
3''''          3.35, s 70.7    
4''''          3.15, d (9.1) 72.0    

5''''          
3.47, dq  
(12.4, 6.1) 

69.0    

6''''          1.14, d (6.1) 17.9    
3-OH    9.52, s           
5- OH 3.96, s   9.30, s   9.26, s        
3'- OH    8.68, br s   8.64, s        
4'- OH    8.80 br s   8.82 s        
a 1H and 13C NMR spectra were acquired at 500 and 125 MHz, respectively  
b 1H and 13C NMR spectra were acquired at 600 and 150 MHz, respectively 
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6.4. LC-MS/MS-based molecular networking 

HRESI-MS/MS data were acquired from a Waters Acquity UPLC system 

(Waters Co.) equipped with a Waters Xevo G2 QTOF mass spectrometer (Waters 

Co., Manchester, UK) and electrospray ionization (ESI) interface, operating in 

positive-ion mode. A Waters Acquity UPLC BEH C18 column (150 mm × 2.1 mm, 

1.7 μm) was used with a MeCN/H2O gradient system (10:90 to 90:10) for 14 min. 

The flow rate was set at 300 μL/min, and the injection volume was 2.0 μL. The 

temperatures of the autosampler and column oven were maintained at 15 and 40 °C, 

respectively. Source parameters were set as follows: a capillary voltage of 2.5 kV, 

cone voltage of 40 V, source temperature of 120 °C, desolvation gas temperature of 

350 °C, cone gas flow of 50 L/h, and desolvation gas flow of 800 L/h. The acquisition 

rate was 0.2 s. Data were centroided during acquisition using an independent 

reference lock-mass ion via the LockSpray interface to ensure accuracy and precision. 

Peak picking, chromatogram deconvolution, and other data processing of MS/MS 

data were performed by MZmine2 software v32 (Pluskal et al., 2010). Eventually, 

the .mgf preclustered spectral data file and its corresponding .csv metadata file (for 

RT, areas, and formula integration) were exported using the dedicated “Export for 

GNPS” and “Export to CSV file” built-in options. A molecular network was created 

using the online workflow at GNPS (http://gnps.ucsd.edu). The spectra in the 

network were then searched against GNPS spectral libraries. All matches kept 

between network spectra and library spectra were required to have a score above 

0.65 and at least 4 matched peaks. The molecular networking data were analyzed 

and visualized using Cytoscape (ver. 3.6.0) (Shannon, 2003). All of the results and 

parameters can be accessed with the GNPS job id for molecular networking feature-

based analysis at 

http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=cb23e27317a24150abb45fad3fba

59a8.    

6.5. Absolute configurations for sugar in 1–4, and 7–9, 13  

Compounds 1–4, and 7–9, 13 (0.5 mg) were hydrolyzed with 2 N HCl (0.5 mL) 

at 100 °C for 18 h (Chaturvedula & San Miguel, 2012). After cooling, the mixture 

was evaporated in vacuo and diluted with 1 mL of distilled H2O. After neutralization 

(pH 7), the reacted mixture was extracted with EtOAc (3 × 1.0 mL) to obtain an 

aqueous layer that was dried under vacuum. Each hydrolysate of 1−4, and 7–9, 13 
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was then dissolved in anhydrous pyridine (0.25 mL) and heated with L-cysteine 

methyl ester hydrochloride (2.5 mg) at 60 °C for 1.5 h, and then 0.25 mL of pyridine 

containing o-tolyl isothiocyanate (2.5 mg) was added to the mixture and reacted at 

60 °C for an additional 1.5 h. The reaction mixture was analyzed by a UPLC column 

[YMC C18, 4.6 × 250 mm (5 μm); 10–90% MeCN/H2O (0.1% formic acid); UV 

detection at 250 nm; 1.0 mL/min]. The sugar in 1−4, and 7–9, 13 was determined to 

be L-rhamnose (tR = 21.26 for compounds 1 and 2 and 21.27 min for compounds 3 

and 4, and 7–9, 13), which was consistent with that of the derivative containing 

authentic L-rhamnose (tR = 21.26 min) (Shin et al., 2015; Tanaka et al., 2007). As a 

result, the rhamnose moiety in compounds 1−4, and 7–9, 13 was assigned the L-

configuration. 

 

6.6. Computational Methods  

Conformational analyses of compounds I  and II  were simulated using molecular 

mechanics force-field (MMFF94s) calculations with a search limit of 1.0 kcal/mol 

in CONFLEX 7 (Conflex Corp., Tokyo, Japan). The CONFLEX searches gave 15 

and 13 stable conformers for compounds I  and II , respectively. The conformers with 

a Boltzmann population of over 1% were geometrically optimized at the B3LYP/6-

31g level in gas by TmoleX 4.3 and Turbomole (COSMOLogic GmbH, Leverkusen, 

Germany) at the def-SV(P) basis set.  

 

6.6.1. NMR Calculations  
13C NMR chemical shifts for these conformers were calculated at the 

mPW1PW91/6-311+G(2df,2pd) level after geometry optimization. Boltzmann-

weighted averages of the chemical shifts were calculated to scale them against the 

experimental values. The experimental and calculated data were analyzed with the 

linear correlation coefficients R2 and the probability DP4+ method for stereoisomers 

(Grimblat et al., 2019). The parameters a and b of the linear regression δcalcd = aδexptl 

+ b; the correlation coefficient, R2; the mean absolute error (MAE) defined as Σn 

|δcalcd – δexptl|/n; and the corrected mean absolute error (CMAE), defined as Σn |δcorr – 

δexptl|/n, where δcorr = (δcalcd – b)/a and therefore corrects for systematic errors were 

presented. 
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Table 6. Comparison of 13C NMR experimental values for 1 and calculated chemical 

shifts for I  

Carbon 
1 I 

δexptl δcalcd δcorr ∆δcalcd
a ∆δcorr

b 
2 81.1 83.3 83.0 2.2 1.9 
3 69.8 70.7 70.6 0.9 0.8 
4 29.0 28.6 29.2 0.4 0.3 
5 155.8 157.4 155.9 1.6 0.1 
6 89.2 88.4 88.1 0.8 1.1 
7 155.5 159.7 158.2 4.2 2.7 
8 109.4 112.8 112.0 3.4 2.6 
9 150.7 153.4 152.0 2.7 1.3 
10 101.4 99.9 99.4 1.5 2.0 
1' 130.4 133.9 132.8 3.5 2.4 
2' 114.5 111.4 110.6 3.1 3.9 
3' 144.9 145.7 144.4 0.8 0.5 
4' 144.9 145.3 144.0 0.4 0.9 
5' 115.1 112.7 111.9 2.4 3.2 
6' 118.2 118.7 117.9 0.5 0.3 
1" 45.6 42.7 43.1 2.9 2.5 
2" 108.1 106.9 106.3 1.2 1.8 
3" 44.2 50.4 50.6 6.2 6.4 
4" 20.3 18.7 19.5 1.6 0.8 
5" 24.5 22.5 23.2 2.0 1.3 

C=N 160.5 150.0 148.7 10.5 11.9 
a∆δcalcd = │δcalcd - δexptl│; b∆δcorr = │δcorr - δexptl│ 
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Table 7. Comparison of 13C NMR experimental values for 2 and calculated chemical 

shifts for I  

Carbon 
2 I 

δexptl δcalcd δcorr ∆δcalcd
a ∆δcorr

b 
2 79.2 83.2 83.0 4.0 3.8 
3 72.7 70.7 70.6 2.0 2.1 
4 27.8 28.6 29.3 0.8 1.5 
5 156.0 157.4 155.9 1.4 0.1 
6 89.4 88.4 88.1 1.0 1.3 
7 155.5 159.7 158.2 4.2 2.7 
8 109.6 112.8 112.0 3.2 2.4 
9 150.5 153.4 152.0 2.9 1.5 
10 101.0 99.9 99.4 1.1 1.6 
1' 129.5 133.9 132.8 4.4 3.3 
2' 114.0 111.4 110.6 2.6 3.4 
3' 145.0 145.7 144.4 0.7 0.6 
4' 145.2 145.3 144.0 0.1 1.2 
5' 115.2 112.7 111.9 2.5 3.3 
6' 118.0 118.7 117.9 0.7 0.1 
1" 45.7 42.7 43.1 3.0 2.6 
2" 108.4 106.9 106.3 1.5 2.1 
3" 44.2 50.4 50.6 6.2 6.4 
4" 24.5 18.7 19.5 5.8 5.0 
5" 20.3 22.5 23.2 2.2 2.9 

C=N 159.0 150.0 148.7 9.0 10.3 
a∆δcalcd = │δcalcd - δexptl│; b∆δcorr = │δcorr - δexptl│ 
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6.6.2. ECD Calculations  

The conformers of compound I  were used for ECD calculations based on the 

one selected from the NMR calculation. The theoretical computational ECD spectra 

of the optimized conformers were obtanied by time-dependent density functional 

theory (TD-DFT) at the B3LYP/def-SV(P) functional level according to the 

Boltzmann distributions. The calculated ECD data were generated using Gaussian 

functions for each transition (σ is the width of the band at a height of 1/e). The overall 

calculated ECD curve was generated using SpecDis 1.71 (Bruhn et al., 2013a) from 

dipole-length rotational strengths by applying Gaussian band shapes. The two 

empirical parameters used by SpecDis to optimize the fit between the experimental 

and predicted spectra were adjusted as follows: the half-width of the CD bands, σ, 

was set to 0.16–0.24 eV, and the UV shifts were set to +10 nm to +41 nm. 

 

Table 8. Gibbs free energies and equilibrium populations of low-energy conformers 

of 2S,3R,2''R-1 (I ). 

Conformers 
In MeOH 

∆Ga P (%)b 

I-1    0.00   16.71 
I-2 0.01 16.36 
I-3 -0.14 21.07 
I-4 0.10 14.17 
I-5 1.08 2.69 
I-6 1.18 2.29 
I-7 1.22 2.11 
I-8 1.21 2.18 
I-9 0.99 3.12 
I-10 2.00 0.57 
I-11 1.14 2.45 
I-12 1.22 2.13 
I-13 1.19 2.25 
I-14 1.08 2.68 
I-15 0.35 9.22 
aB3LYP/6-31g, in kcal/mol. bFrom ∆G values at 298.15K 
and 1 atm 
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Table 9. Gibbs free energiesa and equilibrium populationsb of low-energy 

conformers of 2S,3R,2''S-1 (II ) 

Conformers 
In MeOH 

∆G P (%) 
II-1  0.00  5.25 
II -2 -1.02 29.18 
II -3 -0.64 15.43 
II -4 0.42 2.59 
II -5 -0.60 14.44 
II -6 -0.57 13.75 
II -7 0.17 3.96 
II -8 0.23 3.53 
II -9 0.39 2.73 
II -10 0.65 1.75 
II -11 1.35 0.54 
II -12 0.21 3.68 
II -13 0.30 3.16 

aB3LYP/6-31g, in kcal/mol. bFrom ∆G values at 298.15K and 1 atm 
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6.7. Cell Viability Assay 

3T3-L1 cells were cultured and seeded in 96-well plates at 3000 cells/well in 

Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal bovine 

serum (FBS). After 24 h of incubation, the tested compound was dissolved in DMSO 

and treated for 24 h. Cell viability was analyzed by (3-(4,5-dimethyl-2-thiazolyl)-

2,5-diphenyl-2H-tetrazolium bromide (MTT) (Sigma, MO, USA). Then, 20 μL of 

the MTT solution (2 mg/mL) was added to the wells. The plates were incubated at 

37 °C in the dark for the MTT reaction. After 2 h of incubation, the supernatant was 

removed. The formazan crystals were dissolved in 100 μL of DMSO. The absorbance 

was obtained at 570 nm using a microplate reader (VersaMaxTM, Randor, PA, USA). 

 

6.8. Differentiation of 3T3-L1 Preadipocytes 

3T3-L1 preadipocyte cells were cultured with DMEM media (HyClone, UT, 

USA) with 10% calf serum, 100 U/mL penicillin, and 100 mg/mL streptomycin 

(HyClone, UT, USA) in 5% CO2 at 37 °C. At 48 h postconfluence, differentiation 

was initiated. The culture media was changed to DMEM with 10% fetal bovine 

serum (FBS) (HyClone, UT, USA) containing 1 µM dexamethasone (Sigma, MO, 

USA), 0.52 mM 3-isobutyl-1-methylxanthine (Sigma, MO, USA), and 1 µg/mL 

insulin (Roche, Germany). After 2 days, the media contents were changed to DMEM 

with 10% FBS, 1 µg/mL insulin, 100 U/mL penicillin, and 100 mg/mL streptomycin. 

The medium was exchanged after 2 days in DMEM supplemented with 10% FBS 

medium. The media was replaced every two days until the induction of adipogenesis. 

 

6.9. Measurement of Glucose Uptake Level 

The glucose uptake level was analyzed with a fluorescent derivative of glucose 

2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxyglucose (2-NBDG) 

(Invitrogen, OR, USA) as previously described with small modifications ( Pham, Ha, 

et al., 2018). The 3T3-L1 cells were seeded into a 96-well plate. After adipocytes 

were fully differentiated, the media was replaced with glucose-free media with test 

compounds and with or without 50 μM 2-NBDG for 1 h. After treatment, the cells 

were washed two times with phosphate-buffered saline (PBS). A 70 µL of 1% Triton 

X-100 in PBS and 0.1 M K3PO4 were added to each well for cell lysis. The 2-NBDG 

fluorescence signal was obtained by a plate reader (VICTOR X3, PerkinElmer, MA, 
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USA) with 450 nm excitation and 535 nm emission. 

 

6.10. Cell culture and viability assay for the HEK293 cell line 

A Green Fluorescent Protein - Light Chain 3 (GFP-LC3) transfected stable 

HEK293 cell line was generously contributed by Professor Junsoo Park (Yonsei 

University, Republic Korea), while MCF-7 and HEK293 cells were obtained from 

the American Type Culture Collection (ATCC, Manassas, VA, USA). The cells were 

cultured in Dulbecco’s modified Eagle’s medium (DMEM; Welgne, Gyeongsan-si, 

Republic of Korea) supplemented with 10% fetal bovine serum (FBS; Gibco Island, 

NY, USA), 100 U/mL penicillin, and 100 µg/mL streptomycin at 37 °C and 5% CO2. 

The cells were maintained at 70% to 80% confluency and subcultured every 2 days. 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) method 

was applied to measure cell viability. The cells were seeded into 96-well plates (1 × 

104 cells per well) and incubated for 24 h. After cells attached to the bottom of the 

well plate, the cells were rinsed with phosphate-buffered saline (PBS) and treated 

with 20 µM of the tested compounds 7–15. After 24 h of treatment, 20 µL of MTT 

solution (2 mg/mL) was added to each well. The MTT solution was incubated in the 

incubator for 4 h at 37 °C before being discarded. A formazan crystal was dissolved 

in 100 µL DMSO to measure the absorbance at 570 nm of each well. The analysis 

was performed to assess the % of cell viability between the control and treatment 

groups. Autophagosome formation was confirmed in GFP-LC3 stable HEK 293 cells. 

The cells were seeded into a 6-well plate with coverslips and incubated for 24 h. The 

cells were treated with a noncytotoxic concentration of isolated compounds. After 

24 h of treatment, the cells were washed three times with the PBS, then fixed with 

4% paraformaldehyde, and coverslips were carefully lifted to prepare the sliding 

glass for microscopic analysis.  

  

6.11. Protein expression analysis by Western blot 

MCF-7 cells were seeded onto well plates and incubated for 24 h. Isolated 

compounds that showed enhanced formation of autophagosomes were treated for 24 

h, and the cells were harvested. The cells were lysed with 150 μL of lysis buffer [120 

mM NaCl, 40 mM Tris (pH 8), and 0.1% NP40 (Nonidet P-40)] and centrifuged at 

10,000 rpm for 15 min. The supernatants obtained from the lysates were used as the 
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protein extract. Protein concentrations were calculated using the BCA protein assay 

method (Bio-Rad, CA, USA). The protein extracts were diluted with 5X sample 

buffer and boiled at 95 °C. Thirty-microgram protein samples were injected into each 

well and electrophoresed on 6 to 15 % gradient SDS-polyacrylamide gels. Protein 

lanes were transferred to polyvinylidene fluoride (PVDF) membranes, which were 

then incubated with primary antibodies (LC3B, p62, β-actin) at 4 °C for 24 h. The 

membranes were further incubated with secondary anti-mouse or anti-rabbit 

antibodies. Finally, the protein bands were detected using enhanced 

chemiluminescence Western blotting detection ECL buffer. Protein bands were 

quantified by ImageJ software. 

 

6.12. Confocal microscopy images 

HEK293 cells were seeded on sterilized glass coverslips and incubated for 24 

h. GFP-mRFP-LC3 (ptfLC3) plasmid, which was kindly provided by Yonsei 

University (Wonju, Republic of Korea), was applied to cells for transfection using 

Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA, USA). After 

transfection, the cells were treated with the compounds and incubated for 24 h. The 

cells were fixed with 4% paraformaldehyde. After fixation, the coverslips were 

washed three times with PBS and stained with DAPI solution. Images of the 

autophagic flux induced by the test compounds were obtained with a Confocal Scope 

TCS8 (LEICA, Wetzlar, Germany).   

 

6.13. Statistical Analysis 

Graphpad Prism 5 (GraphPad Sofware, La Jolla, CA, USA) was used for 

statistical analysis. Data are expressed as the means ± standard deviations (SDs) of 

three independent experiments and were calculated and plotted by one-way analysis 

of variance (ANOVA). Statistically significant differences are indicated as follows: 
*p < 0.05, ** p < 0.01, and *** p < 0.001
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7. Conclusions 

By using the HRESI-MS/MS-based molecular networking, the interesting 

cluster of guanidines from A. rugosa leaves has been quickly investigated for 

targeting the isolation of the new natural guanidines. Besides biological effects that 

have been reported previously, the new finding of glucose uptake of 1,6-dioxa-7,9-

diazaspiro[4.5]dec-7-en-8-amines (1–3), as well as autophagy inhibition activities 

from plant guanidines (10–13), contributes to potential activities of natural products 

in general and guanidines derivatives in particular. It is noteworthy that guanidine 

derivatives have been reported to show autophagy regulation effects in both 

induction and inhibition manners by metformin and DBeQ, respectively. Our results 

suggested that natural guanidines (10–13) exhibited potential autophagy inhibition 

activities which are promising for targeted therapy in cancer (Xie et al., 2021) and 

also for the treatment of muscle atrophy (Sartori et al., 2021a). In summary, the 

application of molecular networking allowed us to investigate six new guanidine 

alkaloids of 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-en-8-amine scaffold (rugonidines 

A−F) and eight new guanidine-fused flavan derivatives (rugonines A–H) from the 

leaves of A. rugosa. The structures of all isolated compounds have been 

comprehensively elucidated by NMR, HEESIMS data analyses, and ECD and 13C 

NMR quantum calculations. These compounds consequently were tested and 

compounds 1–3 showed potential effects in stimulating glucose uptake, while 

compounds 10–13 exhibited potential autophagy inhibition activities in HEK293 

cells. The results suggested the advantage of HRESI-qTOF-MS/MS-based molecular 

networking for targeting the isolation of guanidine derivatives from A. rugosa as 

well as their inhibition activities on autophagy in HEK 293 cells that could be 

promising for future drug discovery of cancer and muscle atrophy treatment.     
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Part 2: Alkaloids from Persea americana and their SIRT1 

activities 

1. Introduction  

1.1. Study background  

1.1.1. Persea americana Mill. (Lauraceae) 

Persea americana Mill. (Lauraceae), commonly known as avocado, is a native 

tree in Mesoamerica and Central America and is now cultivated worldwide in 

tropical and subtropical regions (Yao & Xu, 2021). P. americana has eight well 

identified varieties that related to geographical ecotypes, of which the commercial 

avocado is made up of three that are referred to the Mexican (P. americana var. 

drymifolia), the West Indian (P. americana var. americana), and the Guatemalan (P. 

americana var. guatemalensis) (Ibarra-Laclette et al., 2015). The selection of these 

three races and their hybrids, most frequently Mexican×Guatemalan or “Hass 

avocado”, are the foundation of commercial avocado production (Chanderbali et al., 

2008). The size and shape of an avocado's fruit and seed can vary greatly depending 

on the variety. The Hass variety's fruits have an ovoid to pear form, and when they 

are fully ripe, they have tough, leathery skin that is dark brown or black. Additionally, 

compared to most other common types, it has a smaller seed (Dabas et al., 2013). 

Due to the nutritional compositions and biological activities of avocado pulp, which 

are rich in grease, the fruit has gained considerable popularity in recent years (Dreher 

& Davenport, 2013). Its health effects have been indicated through biological studies, 

observation and clinical trial including reduce risks of cardiovascular disease, 

overweight or obese, alleviate cognitive function, and activate colonic microbiota 

system (Dreher et al., 2021). The high contain of monounsaturated fatty acid in 

avocado mesocarp has been suggested to reduce risk factors for cardiovascular 

disease (Pieterse et al., 2005). The pulp also includes a variety of bioactive 

phytochemicals, such as carotenoids (lutein, zeaxanthin, carotene, and 

cryptoxanthin), B vitamins, vitamins C and E, D-mannoheptulose, sitosterol, and 

persenone A and B, which have shown to have antifungal, anticancer, and antioxidant 

properties (Lu et al., 2005).  

In addition to the edible portion of avocados, large amounts of byproducts, 

including peels and seeds, are produced, which could affect the environment 

(Rodríguez-Carpena et al., 2011). According to ethnopharmacology, the Aztec and 
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Mayan societies used avocado seed decoctions to cure parasite and mycotic ailments. 

(Dabas et al., 2013). Additionally, seed formulations have been suggested for use in 

the treatment of diabetes and digestive disorders, snakebite, as well as abortive agent 

and contraceptive (Duke & Martinez, 1994). It is said that placing a portion of the 

seed or the decoction into a tooth cavity may ease toothache. Dandruff is supposedly 

treated with avocado seed powder, and skin eruptions are occasionally treated with 

seed oil (Dabas et al., 2013). Avocado seed paste used topically has been used to treat 

arthritis, and the Nigerian added to soups or pudding to manage hypertension 

(Ozolua et al., 2010). The pulverized seeds were traditionally ingested in African 

medicine to alleviate diarrhea and wheezing (Dabas et al., 2013). The current 

bioactive effects of avocado seeds have been investigated include anticancer (Lee et 

al., 2008), anti-inflammatory (Rosenblat et al., 2011), antidiabetic (Edem et al., 

2009), hypocholesterolemic (Pahua-Ramos et al., 2012), antimicrobial (Raymond 

Chia & Dykes, 2010), insecticidal (Leite et al., 2009) and dermatological uses 

(Rosenblat et al., 2011). Avocado seed phytochemical studies have identified a 

variety of natural products, including procyanidins (Wang et al., 2010), acetogenins 

(Rodríguez-Sánchez et al., 2013), fatty acids, amines (Arlene et al., 2015), alkaloids 

(Oboh et al., 2016), phenolic compounds (Saavedra et al., 2017; Segovia et al., 2016), 

triterpenoids (Abubakar et al., 2017) and pigments (Hatzakis et al., 2019). The 

presence of C7 sugars, such as mannoheptulose and perseitol, as the primary phloem 

transported sugars and as respiratory substrates makes avocados distinct from other 

fruit (X. Liu et al., 1999, 2002). These C7 sugars have been identified as the "tree 

factor," which slows down the ripening of fruit while it ripens on the tree (Bertling 

& Bower, 2005) and may be related to the variations in the postharvest ripening 

speed of fruit (Landahl et al., 2009). 

Although the avocado seed accounts for up to 16% of the total weight of the 

fruit, has a diverse phytochemical profile, and a long history of ethnobotanical use, 

it is largely regarded as a waste product and underutilized resource (Dabas et al., 

2013; Otaigbe et al., 2016), modern scientific studies into phytochemicals and 

avocado seed bioactivities is still in early stages. 
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Figure 85. Persea americana Mill. (Hass avocado) 

 

1.1.2. Molecular networking 

Molecular networking was first introduced in 2012 (Watrous et al., 2012) and 

has become increasingly popular as a dereplication strategy in the natural products 

field. Molecular networking that was created on the GNPS platform 

(https://gnps.ucsd.edu/, Wang et al., 2016a) can analyze MS/MS data against GNPS 

libraries to match either putative analogs of known compounds or those that belong 

to the same class. Moreover, based on the similarities of fragmentation patterns, 

nodes that shared similar MS/MS profiles were grouped into the same cluster and 

connected via the edges (cosine score) (Yang et al., 2013). Therefore, molecular 

networking has been applied to natural products not only as a dereplication technique 

but also for the discovery of a variety of small molecules (Ryu et al., 2021).  

Recent studies that involved avocado have applied HR-MS/MS-based 

techniques such as quantification or metabolomics to investigate the chemical profile 

of avocado pulp, peel, and seeds. Analyzing the MS/MS fragmentations allowed to 

dereplicate flavonoids and phenolic components from all parts of avocado including 

the mesocarp (Di Stefano et al., 2017; Hurtado-Fernández et al., 2011), peels 

(Figueroa et al., 2018), and seeds (Do et al., 2022; Younis et al., 2022). This work 

also could be done by a molecular networking-based dereplication strategy that 

matches reported compounds against GNPS libraries, as well as double checking 

with avocado-related studies. By providing crucial information on similarities 
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between the discovered peaks, this method gives effective and efficient ways to 

explore phytochemicals, expediting the discovery of new metabolites. 

 

1.1.3. SIRT1 

Sirtuin 1 (SIRT1) is a nicotinamide adenosine dinucleotide (NAD)-dependent 

deacetylase that belongs to the mammalian sirtuin family and plays important roles 

in cellular and organismal processes, including metabolism and aging (Hall et al., 

2013; Rahman & Islam, 2011; Xu et al., 2020). Through the deacetylation of various 

substrates, including histone proteins (acetylated histones H4K16 and H3K56) and 

nonhistone targets (p53) to generate nicotinamide and the acetyl group, SIRT1 is 

involved in a broad range of physiological functions, including controlling gene 

expression, metabolism, and aging (Rahman & Islam, 2011). The function of SIRT1 

in senescence, which extends life spans, ameliorates cellular senescence, and 

consequently prevents aging-related diseases, is mainly achieved by catalyzing the 

deacetylation of various downstream transcription factors (Brooks & Gu, 2009). 

Among these factors, p53 is a crucial factor that contributes to cellular senescence 

through the regulation of cell cycle arrest in response to DNA damage (Yi & Luo, 

2010).  

 

Figure 86. Role of Sirt1 in mammal aging and longevity regulation. Sirt1 may 

establish a connection between the nutritional condition of the cell and the control 

of its metabolism by decoding NAD+ changes in special tissues. Sirt1 can alter the 

patterns of gene expression in target organs (brain, liver, fat, pancreatic beta cells, 

and muscle) via controlling transcriptional co-regulators like PGC-1 or by directly 

interacting with transcription factors.  
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SIRT1 activity can be regulated through NAD+/NADH and nicotinamide by the 

SIRT1 protein level and by phosphorylation (Haigis & Sinclair, 2010). An elevated 

NAD+/NADH ratio may promote cellular health through mechanisms related to 

SIRT1 activation (Jang et al., 2012). 

  

1.2. Purpose of Research 

In this study, we aimed to apply UPLC qTOF-MS/MS-based molecular 

networking analysis to navigate the chemical profile of secondary metabolites from 

avocado seeds and to target unknown compounds for further isolation. The isolated 

compounds were extensively determined using NMR spectroscopy, chemical 

reactions, and ECD calculations. Then, all isolated compounds were tested for their 

effects on SIRT1 activity in a p53-mediated transcriptional luciferase reporter cell-

based assay. 



108 

 

2. Targeted isolation of alkaloids from avocado seeds  

2.1. Targeted isolation of alkaloids from P. americana by using LC-MS/MS-based 

molecular networking 

The avocado seeds were extracted with n-hexane solvent to remove fat, and the 

residue was re-extracted three times with 70% EtOH. The combined extracts were 

dried and suspended in acetone to precipitate the perseitol sugars. Then, the 

supernatant was dried under a vacuum and partitioned with EtOAc, n-BuOH, and 

water. The UPLC-qTOF-MS/MS data of fractions n-hexane, EtOAc, and n-BuOH 

(Figure 87) were processed by Mzmine2 (Pluskal et al., 2010) and applied to the 

FBMN-GNPS platform (hosted by https://gnps.ucsd.edu, (Wang et al., 2016a)) to 

generate molecular networking. The result was visualized through the Cytoscape ver. 

3.6.0 (Shannon, 2003). The dereplication of secondary metabolites from avocado 

seeds was identified against GNPS libraries and by comparison with compounds 

reported in the P. americana (Scifinder) databases (Figure 88, Table 10). As shown 

in Figure 88, cluster A displayed even m/z nodes of 492, 496, 512, 520, and 522, 

which are typical characteristics of alkaloids. Therefore, experiments were 

performed to further isolate these peaks and determine their structures. As a result, 

nine new alkaloids were isolated (Figure 89), and their structures were elucidated by 

NMR spectroscopy in combination with chemical reactions and ECD calculations. 
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Figure 87. Total ion chromatography (TIC) of n-hexane, EtOAc, and n-BuOH fractions of avocado seeds in positive mode.



110 

 

 

Figure 88. Molecular networking of n-hexane, EtOAc, and n-BuOH fractions of avocado seeds in pos mode.  

This network is accessible at the following address: https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=618fd6ab564f4d32aee9cb44d1fb8be7 
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Table 10. Putative compounds detected in EA fraction of Avocado seeds by UPLC-

qTOFMS/MSs in negative mode 

RT m/z 
MW 

(Calc.)  
MF Compound name Ref 

1.05 377.0824 378.2770 C23H38O4 
2-Hydroxy-4-oxoheneicosa-
5,12,15-trien-1-yl acetate 

(Kawagishi et al., 2001) 

1.06 211.0820 212.0896 C7H16O7 Perseitol ( Liu et al., 1999, 2002) 

1.06 377.0835 378.2770 C23H38O4 Persenone A (Domergue et al., 2000) 

1.15 191.0363 192.0634 C7H12O6 Quinic acid 
(Pahua-Ramos et al., 
2012) 

1.18 341.1090 342.1162 C12H22O11 Sucrose (Liu et al., 1999, 2002) 

1.28 191.0238 192.0270 C6H8O7 Citric acid 
(Calderón-Oliver et al., 
2016) 

1.30 399.1463 400.1522 C22H24O7 
7-Hydroxy-6,8-di-C-
methylflavanone 7-O-
arabinoside 

(Calderón-Oliver et al., 
2016)  

1.48 413.0853 414.3862 C29H50O (-)-β-Sitosterol (Berasategi et al., 2012) 

1.51 315.1072 316.1158 C14H20O8 hydroxytyrosol glucoside (Araújo et al., 2018)  

1.59 153.0558 154.0266 C7H6O4 Protocatechuic acid 
(Pahua-Ramos et al., 
2012) 

1.71 353.0856 354.0951 C16H18O9 3-O-caffeoylquinic acid (Kosińska et al., 2012) 

1.71 353.0837 354.0951 C16H18O9 Chlorogenic acid (Kosińska et al., 2012) 

1.72 353.0872 354.0951 C16H18O9 4-caffeoylquinic acid (Araújo et al., 2018) 

1.97 299.1166 300.0634 C16HsO6 Kaempferide 
(Pahua-Ramos et al., 
2012) 

2.11 299.1152 300.1209 C14H20O7 Tyrosol glucoside (Araújo et al., 2018) 

2.22 163.0402 164.0473 C9H8O3 Coumaric acid 
(Rodríguez-Carpena et al., 
2011) 

2.23 337.0945 338.1002 C16H18O8 3-p-Coumaroylquinic acid (Kosińska et al., 2012) 

2.39 353.0860 354.0951 C16H18O9 1-caffeoylquinic acid (Araújo et al., 2018) 

2.39 353.0856 354.0951 C16H18O9 Neochlorogenic acid (Kosińska et al., 2012) 

2.50 577.1352 578.1424 C30H26O12 Procyanidin B (Wang et al., 2010) 

2.83 289.0715 290.0790 C15H14O6 Epicatechin 
(Villa-Rodríguez et al., 
2011) 

3.01 337.0924 338.3185 C22H42O2 Docosenoic acid (Bora et al., 2001) 

3.03 289.0715 290.0790 C15H14O6 Catechin 
(Villa-Rodríguez et al., 
2011) 

3.04 337.0918 338.1002 C16H18O8 5-O-caffeoylquinic acid (Kosińska et al., 2012) 

3.22 577.1324 578.1424 C30H26O12 Procyanidin dimer B (Kosińska et al., 2012) 

3.25 443.1542 444.1995 C21H32O10 Penstemide (Araújo et al., 2018) 

3.36 329.0873 330.0951 C14H18O9 vanillic acid glucoside (Araújo et al., 2018) 

3.46 377.1824 378.2770 C19H34O4 
16-Heptadecyne-1,2,4-triol, 
1-acetate 

(Hashimura et al., 2001) 

3.52 567.2462 568.4280 C40H56O2 Lutein A (Ashton et al., 2006) 

3.57 225.1131 226.1933 C14H26O2 Tetradecenoic acid (Bora et al., 2001) 

3.58 441.1992 442.1839 C21H30O10 
8'-hydroxyabscisic acid β-
D-glucoside 

(Araújo et al., 2018) 

3.63 441.1933 442.0900 C22H18O10 Catechin 3-gallate (Kosińska et al., 2012) 

3.67 465.1084 464.0955 C21H20O12 Hyperoside (Kosińska et al., 2012) 
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3.96 595.1320 596.1377 C26H28O16 
Quercetin-3-O-
arabinosylglucoside 

(Kosińska et al., 2012) 

4.13 575.1198 576.1268 C30H24O12 Procyanidin A3 (Wang et al., 2010) 

4.15 441.1769 442.0900 C22H18O10 Epicatechin gallate (Kosińska et al., 2012) 

4.16 441.1780 445.0900 C22H18O13 Epicatechin gallate (Kosińska et al., 2012) 

4.18 575.1196 576.1268 C30H24O12 Procyanidin A2 (Wang et al., 2010) 

4.24 575.1192 576.1268 C30H24O12 Procyanidin A4 (Wang et al., 2010) 

4.72 379.1968 380.2927 C23H40O4 
2-Hydroxy-4-oxoheneicosa-
5,12-dien-1-yl acetate 

(Kawagishi et al., 2001) 

4.98 433.1121 434.0849 C20H18O11 Quercetin 3-arabinoside (Kosińska et al., 2012) 

5.11 551.2128 552.4331 C40H56O Cryptoxanthin (Lu et al., 2005) 

5.41 319.2117 320.2715 C21H36O2 
1-Hydroxyheneicosa-
2,12,15-trien-4-one 

(Kawagishi et al., 2001) 

5.43 535.1568 536.4382 C40H56 β-Carotene (Ashton et al., 2006) 

5.77 465.2127 464.0955 C21H20O12 Quercetin hexoside (Melgar et al., 2018) 

7.02 301.2018 302.0427 C15H10O7 Quercetin (Kosińska et al., 2012) 

7.07 415.2332 416.3654 C28H48O2 γ-Tocopherol (Lu et al., 2005) 

7.33 483.2439 485.0772 C21H21O11.Cl Cyanidin 3-glucoside (Cox et al., 2004) 

7.76 415.2340 416.4018 C29H52O Sitostanol (Berasategi et al., 2012) 

8.95 327.2180 328.2614 C19H36O4 
16-Heptadecene-1,2,4-triol, 
1-acetate 

(Domergue et al., 2000) 

9.05 465.1193 464.0955 C21H20O12 Quercetin 3-glucoside (Kosińska et al., 2012) 

9.40 465.1191 464.0955 C21H20O12 Quercetin 3-O-galactoside (Kosińska et al., 2012) 

9.87 429.1589 430.3811 C29H50O2 (+)-α-Tocopherol (Lu et al., 2005) 

10.64 351.2183 352.2614 C21H36O4 
1-(Acetyloxy)-2-hydroxy-
5,16-nonadecadien-4-one 

(Rodríguez-Sánchez et al., 
2013) 

10.83 285.2068 286.0477 C15H10O6 Kaempferol 
(Pahua-Ramos et al., 
2012) 

10.85 285.2074 286.0477 C15H10O6 Luteolin (Owolabi et al., 2010) 

11.28 353.2338 354.2770 C21H38O4 
1-(Acetyloxy)-2-hydroxy-5-
nonadecen-4-one 

(Rodríguez-Sánchez et al., 
2013) 

11.46 351.2182 352.2614 C21H36O4 
1-(Acetyloxy)-2-hydroxy-
16,18-nonadecadien-4-one 

(Rodríguez-Sánchez et al., 
2013) 

12.01 353.2334 354.2770 C21H38O4 1-Monolinolein (Hashimura et al., 2001) 

12.13 401.2551 402.3862 C28H50O Campestanol (Berasategi et al., 2012) 

12.66 491.2685 492.0904 C22H20O13 Isorhamnetin glucuronide (Melgar et al., 2018) 

12.90 269.2122 270.0528 C15H10O5 Apigenin (Owolabi et al., 2010) 

13.21 227.1648 228.2089 C14H28O2 Myristic acid 
(Villa-Rodríguez et al., 
2011) 

13.68 315.2548 316.2977 C19H40O3 1,2,4-Nonadecanetriol (Oberlies et al., 1998) 

13.92 335.1068 336.3028 C22H40O2 Docosadienoic acid 
(Villa-Rodríguez et al., 
2011) 

14.36 425.1645 426.3862 C30H50O Lupeol   

14.44 277.1830 278.2246 C18H30O2 Linolenic acid (Ozdemir & Topuz, 2004) 

15.73 399.2756 400.3705 C28H48O Campesterol (Berasategi et al., 2012) 

15.93 439.2712 440.4018 C31H52O 24-Methylenecycloartanol (Berasategi et al., 2012) 

16.49 325.2372 326.2457 C18H36O4 
1,2,4-Hexadecanetriol, 1-
acetate 

(Hashimura et al., 2001) 

16.52 325.2392 326.2457 C19H34O4 Avocadenone acetate (Brown, 1972)  
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17.08 281.2112 282.2559 C18H34O2 Octadecenoic acid 
(Villa-Rodríguez et al., 
2011) 

17.52 297.2444 298.2508 C18H34O3 
6-(12-Tridecen-1-yl)-1,3-
dioxane-4-methanol 

(Oberlies et al., 1998) 

18.05 255.1966 256.2402 C16H32O2 Palmitic acid (Ozdemir & Topuz, 2004) 

18.29 277.2180 278.2246 C18H30O2 cis-Octadecatrienoic acid 
(Villa-Rodríguez et al., 
2011) 

18.30 311.1689 312.3028 C20H40O2 Eicosanoic acid (Ozdemir & Topuz, 2004) 

19.06 253.2175 254.2246 C16H30O2 Hexadecenoic acid 
(Villa-Rodríguez et al., 
2011) 

19.06 277.2531 278.2246 C18H30O2 Gamma-linolenic acid (Plaza et al., 2009) 

19.16 269.2131 270.2559 C17H34O2 Heptadecanoic acid (Bora et al., 2001) 

19.21 253.2167 254.2246 C16H30O2 Palmitoleic acid (Ozdemir & Topuz, 2004) 

19.53 379.1586 380.2927 C23H40O4 
2-Hydroxy-4-oxoheneicosa-
12,15-dien-1- yl acetate 

(Kawagishi et al., 2001) 

19.55 279.2330 280.2402 C18H32O2 Octadecadienoic acid 
(Villa-Rodríguez et al., 
2011) 

19.71 241.2166 242.2246 C15H30O2 Pentadecanoic acid (Bora et al., 2001) 

19.75 279.2326 280.2402 C18H32O2 Linoleic acid (Ozdemir & Topuz, 2004) 

20.10 267.2328 268.2402 C17H32O2 Heptadecenoic acid 
(Villa-Rodríguez et al., 
2011) 

20.60 281.2494 282.2559 C18H34O2 Vaccenic acid (Plaza et al., 2009) 

20.60 381.1740 382.3083 C23H42O4 
12,15-Heneicosadiene-
1,2,4-triol, 1-acetate 

(Rodríguez-Sánchez et al., 
2013) 

20.60 281.2485 282.2559 C18H34O2 Oleic acid (Landahl et al., 2009) 

20.75 307.2639 308.2715 C20H36O2 Eicosadienoic acid 
(Villa-Rodríguez et al., 
2011) 

21.20 283.2638 284.2351 C17H32O3 16-Heptadecyne-1,2,4-triol (Oberlies et al., 1998) 

21.22 283.2647 284.2715 C18H36O2 Stearic acid (Ozdemir & Topuz, 2004) 

21.33 367.3605 368.3654 C24H48O2 Tetracosanoic acid (Bora et al., 2001) 

23.46 325.1846 326.2457 C19H34O4 
16-Heptadecyne-1,2,4-triol, 
1-acetate 

(Domergue et al., 2000) 

 

 



114 

 

 

Figure 89. Chemical structures of isolated compounds 1−11 from P. americana. 
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3. Structure elucidation of alkaloids from P. americana 

3.1. Compound 1 

Compound 1 was obtained as a pale yellow powder and has a molecular formula 

of C24H27NO10, which was deduced from its HRESIMS ion in positive mode at m/z 

472.1617 [M – H]–, (calcd. for C24H26NO9 472.1608). The IR spectrum showed 

absorption bands at 3339 cm–1 for hydroxy or amine, 1720 cm–1 for carbonyl 

functional groups, and 1618 and 1517 cm–1 for aromatic rings. The 1H NMR 

spectrum showed signals for eight aromatic protons at δH 7.24 (1H, dd, J = 10.6, 7.3 

Hz, H-5), 7.18 (1H, q, J = 7.3 Hz, H-7), 7.02 (2H, dd, J = 15.9, 8.3 Hz, H-2'', H-6''), 

6.93 (1H, m, H-6), 6.88 (1H, dd, J = 7.7, 2.6 Hz, H-8), and 6.68 (2H, t, J = 9.1 Hz, 

H-3'', H-5''), an anomeric proton (δH 4.27 ppm, H-1'), two pairs of oxygenated 

methylenes at δH 4.44/4.21 (H2-6') and δH 2.81 (H2-7''), one methine group (δH 3.76, 

t, J = 6.4 Hz, H-4), and two methylene groups at δH 3.07/2.84 (H2-3) and 3.91/3.67 

(H2-8''). The 13C NMR spectrum of 1 revealed the presence of 24 carbon signals, 

including two carbonyl groups (δC 181.1 and 172.6 ppm), 12 aromatics (δC 110.9–

156.8 ppm), one anomeric (δC 104.4), six oxygenated (δC 65.9–77.8), one methine 

(δC 43.4 ppm), and two methylene (δC 36.4 and 35.5 ppm) carbons. The HMBC and 
1H-1H COSY NMR data of 1 indicated the presence of a salidroside moiety (Candido 

et al., 2016; Yang et al., 2021) and an alkaloid moiety that was identified as 2-

oxindole-3-acetic acid (O-3AA) or 2-oxo-1,2,3,4-tetrahydroquinoline-4-carboxylic 

acid (2O-CA) (Liu et al., 2016). The presence of an A2B2-type aromatic ring and 

ethylene moiety linked to the aromatic ring at C-1" was demonstrated by the cross 

HMBC from H2-7" (δH 2.81 ppm) and H2-8" (δH 3.91, 3.67 ppm) to C-1" (Figure 92). 

The coupling constant (d, J = 7.8 Hz) of the anomeric proton signal and carbon data 

at δC 104.4 ppm suggested a β-linked D-glucose (Roslund et al., 2008; Tanaka, 1985). 

The cross-HMBC peaks from the anomeric proton H-1' (δH 4.27 ppm) to C-8" (δC 

72.3 ppm) and from H2-6' (δH 4.44, 4.21 ppm) to the carbonyl group at δC 172.6 ppm 

(C-9) indicated that the salidroside moiety was connected to the alkaloid unit through 

an ester linkage (C-9). When elucidating the structure of the alkaloid unit of 1, 

HMBC correlations of the alkaloid unit could not be used to distinguish the five- or 

six-member heteroring of 1 (Figure 93). The HMBC cross-peaks from H2-3 (δH 3.07, 

2.84 ppm) to C-2 (δC 181.1 ppm), C-4 (δC 43.4 ppm), C-4a (δC 130.6 ppm), C-9 (δC 

172.6 ppm), and from H-5 (δH 7.24 ppm) to C-4 made it impossible to determine 
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structures 1a (2O-CA) and 1b (O-3AA) (Figure 93). Previous studies on a moiety 

similar to 1 indicated that quantum chemical calculations, including 13C NMR, ECD, 

and ORD, could not be helpful for the identification of the five- or six-membered 

rings in 1 (Liu et al., 2016; Zhang et al., 2014). Therefore, to confirm the alkaloid 

unit in 1, a de-esterification reaction was performed with 1 to obtain the alkaloid 

moiety. The product was compared to two authentic compounds (O-3AA and 2O-

CA) under the HPLC condition of 10–90% MeCN/H2O (0.1% formic acid) for 20 

min. The retention time of the reacted product suggested that the alkaloid moiety in 

1 had an identity of 2O-CA (Figure 94). The absolute configuration at C-4 of 1 was 

identified by comparing the experimental data to the ECD calculation (Figure 101). 

As shown in Figure 101, the experimental CD data of 1 exhibited (–) cotton effects 

(CE) at 205, 245 nm, and (+) CEs at 220, and 280 nm, and the compound had similar 

ECD data as that calculated for (4S)–1. Hence, the structure of 1 was identified, and 

the compound was named avoquinoside A. 
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Figure 90. 1H and 13C NMR spectra of compound 1 (800/ 200 MHz, methanol-d4) 

 

Figure 91. HSQC spectrum of compound 1  
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Figure 92. HMBC spectrum of compound 1 
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Figure 93. Possible structures of 1 (1a, 1b) by HMBC correlations 

 

Figure 94. The HPLC chromatography of two authentic compounds and reacted 

solution of compounds 1 and 2 for identification of alkaloid moiety in 1 and 2.  

 

 

Figure 95. 1H–1H COSY spectrum of compound 1  
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3.2. Compound 2 

Compound 2 was separated from the mixture of compound 1 diastereomers by 

an HPLC equipped with a YMC Triart henyl hexyl column using a gradient of 45–

55% MeOH/H2O (0.1% formic acid) (Figure 96). The 1H and 13C NMR data of 2 

shared similarities to those of 1 (Tables 11, 12), indicating that 2 had the same planar 

structure as 1. The difference between the two compounds was illustrated in their 

CD data, which showed opposite orientations at C-4. Compared to the calculated 

ECD data of (4R)–1 and (4S)–1 (Figure 101), the absolute configuration of 2 was 

determined to be (4R)–1, which exhibited (+) cotton effects (CE) at 205 and 245 nm 

and (–) CEs at 220 and 280 nm. Therefore, the structure of 2 was identified to be 

avoquinoside B. Interestingly, the interday CD experiments of 1 and 2 after re-HPLC 

was performed on the 0th, 3rd, 10th, and 15th days showed that the CEs at the curtained 

wavelengths (205, 220, 245, and 280 nm) gradually reduced and approached 0 

(Figure 102). This phenomenon suggested that the two compounds tended to convert 

back into a mixture of diastereomers. 

 

Figure 96. Re-HPLC separation of 1 and 2. The HPLC separation used a YMC 

phenyl hexyl column (5µm, 250 x 10 mm) in a gradient of 45–55 % MeOH/H2O 

(0.1% formic acid) for 75 min, the flow rate of 2.0 mL/min coupled with UV detector 

that was set at 210 and 280 nm. 
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Figure 97. 1H and 13C NMR spectra of compound 2 (800/200 MHz, methanol-d4) 

 

Figure 98. HSQC spectrum of compound 2  
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Figure 99. HMBC spectrum of compound 2  
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Figure 100. 1H–1H COSY spectrum of compound 2  
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Figure 101. The experimental spectra of 1 and 2, which were recorded directly after 

the compounds were separated from their diastereomer mixtures and calculated ECD 

data for (4R)–1 and (4S)–1. The calculated ECD curves were generated by SpecDis 

ver. 1.71.40 (Bruhn et al., 2013b) 

 

 

Figure 102. The inter-day CD data of compounds 1, 2 at 0th, 3rd, 10th, 15th and 30th 

day after separating from their diastereomer mixtures.  
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3.3. Compound 3 

Compound 3 was obtained as a pale yellow powder with a molecular formula of 

C24H27NO10, as deduced from its HRESIMS ion in positive mode at 488.1518 [M – 

H]–, (calcd. for C24H26NO10 488.1557). The IR spectrum showed absorption bands 

for hydroxy or amine (3345 cm–1) and carbonyl (1722 cm–1) functional groups and 

1607 and 1513 cm–1 for aromatic rings. The 1H and 13C NMR spectra of 3 were 

similar those of 1 and 2 and included two aromatic rings with the presence of seven 

aromatic protons (δH 7.23, 7.17, 6.93, 6.87, 6.68, 6.66, and 6.53 ppm), as well as 

twelve aromatic carbons (δC 110.9–146.1 ppm), a sugar unit with an anomeric signal 

(δH 4.27; δC 104.4), and two carbonyl carbons at δC 181.2 and 172.6 ppm. The 

difference was that in 3, one ABX aromatic system was present instead of the A2B2-

type aromatic ring of the salidroside moiety in 1 and 2. The lack of one aromatic 

proton signal and the presence of an additional hydroxyl group in 3 supported the 

attachment to the salidroside moiety at C-3" (δC 146.1 ppm). The experimental CD 

data of 3 showed a similar pattern of (4R)–1 with a (–) CE at approximately 220 nm 

and (+) CE at approximately 240 nm (Figure 111). Hence, the absolute configuration 

of 3 was identified as (4R) and named avoquinoside C.
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Figure 103. 1H and 13C NMR spectra of compound 3 (800/200 MHz, methanol-d4) 

 

Figure 104. HSQC spectrum of compound 3  
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Figure 105. HMBC spectrum of compound 3  
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Figure 105 (continued). HMBC spectrum of compound 3  
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Figure 106. 1H–1H COSY spectrum of compound 3  
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3.4. Compound 4 

Compound 4 was separated from the mixture of compound 3 diastereomers by 

an HPLC equipped with a YMC Triart phenyl hexyl column using a gradient of 40–

45% MeOH/H2O (0.1% formic acid). Compound 4 was obtained as a pale yellow 

powder that possessed the same molecular formula, which was deduced from its 

HRESIMS ion in positive mode at m/z 488.1505 [M – H]– (calcd. for C24H26NO10 

488.1557), as that of 3 (C24H27NO10). The 1D and 2D NMR spectra of 4 were similar 

to those of 3, suggesting that they possessed the same planar structure. The 

experimental CD data of 4 showed a similar feature to the CEs of the ECD data for 

(4S)–1, in which a (+) CE at 220 nm and a (–) CE at 240 nm were found (Figure 

109). Thus, compound 4 was determined as shown in Figure 87 and was named 

avoquinoside D. 
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Figure 107. 1H and 13C NMR spectra of compound 4 (800/200 MHz, methanol-d4) 
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Figure 108. HSQC spectrum of compound 4 
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Figure 109. HMBC spectrum of compound 4
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Figure 110. 1H–1H COSY spectrum of compound 4  

 

Figure 111. The experimental spectra of 3 and 4, which were recorded directly 

after the compounds were separated from their diastereomer mixtures.  

 



131 

 

3.5. Compound 5 

Compound 5 was obtained as a pale yellow powder with a molecular formula of 

C24H27NO10, as deduced from its HRESIMS ion in positive mode at m/z 488.1557 

[M – H]–, (calcd. for C24H26NO10 488.1557). The IR spectrum showed absorption 

bands for hydroxy or amine (3370 cm–1) and carbonyl (1722 cm–1) functional groups 

and 1612 and 1519 cm–1 for aromatic rings. The 1H and 13C NMR spectra of 5 were 

similar to those of 1 and 2 except for the presence of an additional quaternary carbon 

at δC 74.7 ppm that was oxygenated. The HMBC cross-peaks from H2-3 (δH 3.09 

ppm) to C-4 (δC 74.7 ppm), C-2 (δC 180.7 ppm), C-9 (δC 170.4 ppm), and C-4a (δC 

131.6 ppm), as well as from H-5 (δH 7.33 ppm) to C-4, suggested that the additional 

hydroxy group was located on C-4. Similar to 1–4, the anomeric signal of the sugar 

unit was observed at δH 4.26 (d, J = 7.8 Hz) and δC 104.3 ppm, indicating the presence 

of a β-linked D-glucose in 5. The linkage from the salidroside moiety to the alkaloid 

unit was indicated by the HMBC cross-peaks from H2-6' (δH 4.20, 4.04 ppm) to C-9, 

which were similar to those of 1–4. The experimental CD spectrum of 5 showed (+) 

CEs at 235–245 nm and 275–285 nm bands that were similar to the calculated data 

for (4R)–5 (Figure 120). Thus, the absolute configuration at C-4 in 5 was assigned 

as 4R, and the compound was named asavoquinoside E.
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Figure 112. 1H and 13C NMR spectra of compound 5 (800/200 MHz, methanol-d4) 

 

Figure 113. HSQC spectrum of compound 5  
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Figure 114. HMBC spectrum of compound 5  
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Figure 115. 1H–1H COSY spectrum of compound 5  
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3.6. Compound 6 

Compound 6 was obtained as a pale yellow powder and has a molecular formula 

of C24H27NO10, as deduced from its HRESIMS ion in positive mode at m/z 488.1565 

[M – H]–, (calcd. for C24H26NO10 488.1557). The difference between 5 and 6 was 

revealed by comparing their CD data to the calculated ECD for (4R)–5 and (4S)–5, 

which suggested that the compounds are diastereomers at C-4. As a result, the CD 

spectrum of 6 was identical with the calculated ECD data of (4S)–5, which showed 

an (+) CE at approximately 230–240 nm and (–) CE at 275–280 nm (Figure 120). 

Hence, 6 was named avoquinoside F. 
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Figure 116. 1H and 13C NMR spectra of compound 6 (500/125 MHz, methanol-d4) 
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Figure 117. HSQC spectrum of compound 6 
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Figure 118. HMBC spectrum of compound 6 



136 

 

H
N O

O

O
HOHO

OH
O

OH

O
HO

 

 

Figure 119. 1H–1H COSY spectrum of compound 6  

 

Figure 120. The experimental spectra of 5 and 6, which were recorded directly after 

the compounds were separated from their diastereomer mixtures and calculated ECD 

data for (4R)–5 and (4S)–5. The calculated ECD curves were generated by SpecDis 

ver. 1.71.40 (Bruhn et al., 2013b). 
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3.7. Compound 7 

Compound 7 was obtained as a pale yellow powder. Its molecular formula was 

established to be C24H25NO9 based on the HRESIMS data at m/z 470.1440 [M – H]–, 

(calcd. for C24H24NO9 470.1451). The IR spectrum showed absorption bands for 

hydroxy or amine (3375 cm–1), carbonyl (1713 cm–1) functional groups, and aromatic 

rings (1613 and 1514 cm–1). The 1H and 13C NMR spectra of 7 shared similar patterns 

at the salidroside moieties of 1–6 except for the alkaloid unit. However, there were 

several differences, including the disappearance of an oxygenated quaternary carbon 

(δC 74.7 ppm) in the hetero ring of 5 and 6 the presence of an olefinic bond at δC 

140.0 (C-4) and δC 122.1 (C-3); δH 6.76 (H-3) in 7. The HMBC cross-peaks from H-

3 to C-2 (δC 170.5 ppm), C4, and C-4a (δC 121.3 ppm), as well as HMBC correlations 

from H-5 (δH 8.47 ppm) to C-4, suggested the presence of a 2-oxo-1,2-

dihydroquinoline-4-carboxyl moiety (Baba et al., 2020). The linkage between 

salidroside and the alkaloid moiety was observed by correlations from H2-6' at δH 

4.60 (d, J = 11.6 Hz) and 4.51 (dd, J = 11.6, 5.7 Hz) to C-9 (δC 166.8 ppm) (Figure 

123). Therefore, the structure of 7 was identified as shown in Figure 121, and the 

compound was named avoquinoside G.
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Figure 121. 1H and 13C NMR spectra of compound 7 (600/150 MHz, methanol-d4) 

 

Figure 122. HSQC spectrum of compound 7  
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Figure 123. HMBC spectrum of compound 7  
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Figure 124. 1H–1H COSY spectrum of compound 7  
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3.8. Compound 8 

Compound 8 was obtained as a pale yellow powder. Its molecular formula was 

established to be C25H29NO11 based on the HRESIMS data at m/z 542.1646 [M + Na 

+ H]+, (calcd. for C25H29NO10Na, 542.1638). The IR spectrum showed absorption 

bands for hydroxy or amine (3370 cm–1), carbonyl (1716 cm–1) functional groups, 

and aromatic rings (1602 and 1519 cm–1). Interestingly, the 1H and 13C NMR data of 

8 revealed an additional methoxy group at δH 3.12 (δC 50.7, C-11) and a carbon signal 

at δC 107.0 (C-4), suggesting the presence of a dioxaspiro skeleton. The positions of 

the methoxy and the dioxaspiro carbon (C-4) were supported by the HMBC 

correlations from H2-10 (δH 3.27/3.20 ppm) to C-4, C-4a (δC 118.5), C-9 (δC 169.6), 

from MeO-11 (δH 3.12, s) to C-4, and from H-5 (δH 7.24, t, J = 7.8 Hz) to C-4. The 

upfield chemical shifts of the carbonyl group at C-9 were explained by the linkage 

with the methylene group (C-10). The chemical shift at δC 152.3 (C-2) also suggested 

the presence of a carbamide (NH-COO) at 8 by the disappearance of the amide group 

(NH-CO) in 1–6. The chemical shifts of the alkaloid moiety in 8 showed similarities 

to those of the benzoxazinone skeleton that was previously reported in a natural 

product (Gala et al., 2009) and synthetic compounds (Kobayashi et al., 2011; Larin 

et al., 2021; Suárez-Castillo et al., 2012). The absolute configuration at C-4 in 8 was 

determined by comparing their experimental CD spectrum to the calculated ECD for 

two isomers (4R)–8 and (4S)–8. As the CD data of 8 matched the Boltzmann-

averaged computed ECD spectrum of (4S) with a (–) CE at 240 nm and (+) CE at 

280 nm (Figure 133), the structure of 8 was identified and named avoxazinoside A.
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Figure 125. 1H and 13C NMR spectra of compound 8 (500/125 MHz, methanol-d4) 

 

Figure 126. HSQC spectrum of compound 8  
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Figure 127. HMBC spectrum of compound 8 
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Figure 128. 1H–1H COSY spectrum of compound 8  
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3.9. Compound 9 

Compound 9 was isolated from the mixture of compound 8 diastereomers by an 

HPLC equipped with a YMC Triart phenyl hexyl column using a gradient of 45–48% 

MeOH/H2O (0.1% formic acid). The absolute configuration of the two diastereomers 

was determined by comparing their experimental CD spectra to the calculated ECD 

for two isomers, (4R)–8 and (4S)–8. The CD data of 9 were assigned as (4R), and 

the compound was named avoxazinoside B. Similar to three pairs of diastereomers 

(1–6), it was observed that 8 and 9 were also slowly converted to a mixture of the 

two compounds after 30 days (Figure 134). 
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Figure 129. 1H and 13C NMR spectra of compound 9 (600/150 MHz, methanol-d4) 
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Figure 130. HSQC spectrum of compound 9 

O

OHOHO
OH

O

OH

O

O

H
N

MeO

O

 

 

Figure 131. HMBC spectrum of compound 9  
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Figure 132. 1H–1H COSY spectrum of compound 9  

 

Figure 133. The experimental calculated ECD spectra of 8 and 9. The experimental 

data were recorded directly after the compounds were separated from their 

diastereomer mixtures and calculated ECD data for (4R)–8 and (4S)–8. The 

calculated ECD curves were generated by SpecDis ver. 1.71.40 (Bruhn et al., 2013b) 

 

Figure 134. The CD experimental data of compounds 8 and 9 after 30 days 
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4. Biological activities of compounds 1–11 

SIRT1 is an NAD+-dependent deacetylase enzyme that removes acetyl groups 

from specific nuclear proteins and has been linked to the regulation of aging, cancer, 

and longevity (Brooks & Gu, 2009). The function of Sirt1 is mainly achieved by 

regulating a variety of transcription factors and transcriptional coregulators, 

including p53, Ku70, FoxO1, NF-κB, PPARγ, and p300 (Leibiger & Berggren, 2006). 

Among those factors, p53 is a crucial contribution to cellular senescence through the 

regulation of cell cycle arrest in response to oxidative stress and DNA damage (Yi 

& Luo, 2010). SIRT1-mediated p53 deacetylation prevents p53-dependent cellular 

senescence and has an important function in neuronal survival (Yi & Luo, 2010). 

Therefore, the identification of SIRT1 activators may be beneficial for the future 

treatment of neurodegenerative disorders. 

To check the SIRT1 activities of all isolated compounds (1–11), the 

cytotoxicities of 1–11 at 20 µM were first confirmed by the MTT assay, and none of 

those compounds exhibited a cytotoxic effect at the tested concentration (Figure 

135A). The effects of 1–11 on SIRT1 activity were determined using a p53-mediated 

transcriptional luciferase reporter cell-based assay. In particular, a luciferase reporter 

plasmid that contained upstream p53 binding sites (PG13-luc), a mammalian p53 

expression vector (myc-tagged p53), and a SIRT1 expression vector (flag-tagged 

SIRT1) were cotransfected into HEK293 cells. Considering that SIRT1 negatively 

regulates p53, SIRT1 activators were detected to decrease the expression of the 

luciferase reporter in our assay, and resveratrol, which activates SIRT1 both in vitro 

and in vivo (Borra et al., 2005), was used as a positive control. As a result, among 

the eleven tested compounds, 1 significantly reduced the luciferase activity to 

approximately 45%, and its diastereomer, compound 2, only slightly decreased the 

luciferase activity to approximately 65% compared to those of the vehicle alone and 

the positive control, trans-resveratrol, at 20 µM (Figure 135B). Then, the 

concentration response was determined for compounds 1 and 2, and 1 activated 

SIRT1 deacetylation activity in a dose-dependent manner (Figure 135C). At 10 µΜ,  

downregulated luciferase activity, which was controlled by SIRT1 activation, was 

observed after treatment with compound 1 but not compound 2. Therefore, a greater 

potential for SIRT1 activation may occur with compound 1 than with compound 2 

(Figure 135C). Moreover, SIRT1 activity is coupled to the hydrolysis of NAD+; 
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therefore, the intracellular levels of NAD+ and nicotinamide play an important role 

in regulating enzyme activity (Aguilar-Arnal et al., 2016). Furthermore, the NAD+ 

to NADH ratio in the whole cell lysate of HEK293 cells that overexpress SIRT1 was 

tested to confirm the effect of 1 on SIRT1 activation. At 10 and 20µΜ, compound 1 

significantly increased the NAD+/NADH ratio in a dose-dependent manner 

compared to that of the negative control treated with DMSO (Figure 135D). 

Therefore, 1 could be a promising SIRT1 activator that activates SIRT1 deacetylation 

activity with an elevated NAD+/NADH ratio. 

 

Figure 135. Effects of isolated compounds 1–11 on SIRT1 activities in vitro.  

(A) An MTT assay was performed to evaluate the cytotoxic effects of these 

compounds on HEK293 cells. The HEK293 cells were exposed to vehicle or 20 μM 

1–11 for 24 h. The cell viability after the treatment was measured by the MTT assay. 

(B) HEK293 cells, after 24 h of cotransfection with four plasmids (PG13-luc, myc-

p53, flag-SIRT1, and RSV-β-gal), were treated with DMSO, trans-resveratrol (20 

µM), or the tested compounds (1–11). Compounds 1 and 2 reduced the luciferase 

activity that was controlled by SIRT1 activation. (C) Compound 1 activated SIRT1 

in a dose-dependent manner. (D) Compound 1 elevated the NAD+ to NADH ratio in 

HEK293 cells that overexpressed SIRT1. Data are presented as the mean ± SD (n = 

3), * p < 0.05, ** p < 0.01, and *** p < 0.001 compared to the vehicle-treated samples. 
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For the first time, the alkaloid components from avocado seeds, which is the 

largest by-products of the nutrient fruit, were investigated and evaluated in their 

biological activities. Compound 1, the most abundant among those alkaloids, 

showed the potential effect to activate SIRT1 that contributes to promoting healthy 

aging and regulating lifespan, as well as preventing cardiovascular disease, 

neurodegeneration, and cancer. Thus, this finding brings new insight into alkaloid 

types in avocado seeds and their potential for new drug discovery.



149 

 

5. Materials and methods 

5.1. Materials  

5.1.1. Plant material 

Ripe Hass avocados (Persea americana Mill.) were purchased from the local 

grocery store in March 2020 and were authenticated by Professor W. K. Oh. The 

avocado seeds were collected after removing the flesh and were stored. A voucher 

specimen (SNU2020-08) was deposited at the College of Pharmacy, Seoul National 

University, Seoul, Korea. 

 

5.1.2. Equipment and software 

Optical rotations were determined with a JASCO P-2000 polarimeter (JASCO 

International Co. Ltd., Tokyo, Japan). A Nicolet 6700 FT-IR spectrometer (Thermo 

Electron Corp., Waltham, MA, USA) was used to measure the IR spectra. The CD 

experiments were conducted using a Chirascan CD spectrophotometer, and the CD 

spectra were analyzed and visualized using Pro-Data Viewer software version 4.4.2.0 

(Applied Photophysics, Leatherhead, UK). The conformational analysis was carried 

out with a Conflex 8 instrument (Conflex Corp., Tokyo, Japan). The molecular 

geometry analysis was simulated and visualized with TmoleX 4.3 and Turbomole 

(COSMOLogic GmbH, Leverkusen, Germany). Calculated spectra were plotted as 

sums of Gaussians with a 0.21 eV exponential half-width using the program Specdis 

(Bruhn et al., 2013b). The NMR data were analyzed using a JNM-ECA 800 MHz 

spectrometer (JEOL Ltd., Tokyo, Japan) coupled with a 5 mm CPTCI cryoprobe 

(Bruker, Germany) and an AVANCE 500 MHz spectrometer (Bruker, Billerica, MA 

USA) or a JNM-ECA 600 MHz spectrometer (JEOL Ltd., Tokyo, Japan). HPLC was 

carried out using a Gilson system with a UV detector (200 and 280 nm), an 

OptimaPak C18 column (10 × 250 mm, 5 µm particle size, RS Tech Korea), and a 

YMC Phenyl hexyl column (10 × 250 mm, 5 µm particle size, YMC Co., Ltd., Japan). 

 

5.1.3. Chemicals and reagents 

Silica gel (Merck, 63−200 µm particle size) and RP-18 (Merck, 75 µm particle 

size), Sephadex LH-20 from Sigma–Aldrich (St. Louis, MO, USA), and Daion HP 

20 (Merck, 250−850 μm particle size) were used for column chromatography. TLC 

was developed with silica gel 60 F254 and RP-18 F254 plates from Merck. All solvents 
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were purchased from Daejung Chemicals & Metals Co. Ltd. (Si-heung, Korea). 

 

5.2. Extraction and isolation 

The air-dried avocado seeds (4.0 kg) were powdered and defatted by extraction 

with n-hexane (2 h × 3 times). The residue was sonicated with 70% EtOH (2 h × 3 

times) at room temperature. The combined extract (270.0 g) was suspended in 

acetone to generate its precipitate (perseitol sugars) and solution. The solution layer 

was dried and suspended in water to partition with EtOAc and BuOH, respectively. 

The EtOAc fraction (90.0 g) was subjected to silica gel column chromatography, and 

the elution involved a gradient mixture of n-hexane/EtOAc (4:1 to 0:1) and then 

EtOAc/MeOH (8:1 to 0:1) to afford ten fractions (N1–N10). Fraction N8 was 

successfully separated with open RP C18 column chromatography using MeOH/H2O 

(20–100%) to produce 12 subfractions (R1–R12). Fraction N9 (8.0 g) was subjected 

to RP-C18 column chromatography by a gradient system of 30–100% MeOH to 

obtain nine subfractions (R1–R9). Fraction R4 (1.1 g) was applied to a Sephadex 

LH-20 column, which was eluted with 100% MeOH to yield six subfractions (L1–

L6). Fraction L3 (50.5 mg), which contained a mixture of two diastereomers, was 

further isolated by semipreparative HPLC (YMC Triart C18, 10 × 250 mm, 45% to 

50% MeOH in H2O (0.1% formic acid) to yield compounds 7 (3.0 mg) and 8 (2.9 

mg). Fraction R5 (2.5 g) was loaded onto Sephadex LH-20 using 100% MeOH to 

produce 10 subfractions (L1–L10). Subfraction L3 (80.5 mg) was separated by 

preparative HPLC equipped with an OptimaPak column (10 × 250 mm, 5 µm particle 

size, RS Tech, Korea) to obtain a mixture of compounds 3 and 4. The semipreparative 

HPLC with a YMC Triart phenyl hexyl column (YMC Triart C18, 10 × 250 mm) on 

two pairs of two diastereomers (compounds 3–4 and 5–6) yielded compounds 3 (1.7 

mg) and 4 (2.0 mg), as well as compounds 5 (2.7 mg) and 6 (5.0 mg). Similarly, 

fraction L4 (50.0 mg) was subjected to semipreparative HPLC with an Optima Pak 

C18 column (10 × 250 mm, 5 µm particle size) to obtain compounds 1 and 2 (15.4 

mg) as a mixture of diastereomers. Then, this mixture was applied to MPLC (YMC 

Triart Phenyl, 45 to 55% MeOH in H2O with 0.1% formic acid) to produce 

compounds 1 (5.4 mg) and 2 (5.5 mg). Fraction L5 (44.0 mg) was subjected to HPLC 

with an Optima Pak C18 column to yield compound 9 (3.7 mg). Fraction R8 (200.0 

mg) was subjected to passage over a Sephadex LH-20 column using 100% MeOH 



151 

 

to produce seven subfractions. Fraction R8L3 was further purified by 

semipreparative HPLC (MeCN/H2O, 25/75) to yield compound 10 (9.1 mg). 

 

 

Scheme 2. Extraction scheme of avocado seeds
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Scheme 3. Isolation scheme of compounds 1–11 from avocado seeds 
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5.3. Physical and chemical characteristics of isolated compounds 

5.3.1. Compound 1 

Avoquinoside A (1) 

Pale yellowish amorphous powder; 

[�]�
�� +71 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 230 (1.10), 280 (0.43);  

IR (KBr) νmax 3339, 2925, 2884, 2855, 1720, 1618, 1517, 1472, 1442, 1361, 

1235, 1205, 1079, 1030, 1024, 832, 756 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 472.1617 [M – H]–, (calcd. for C24H26NO9 472.1608). 

 

5.3.2. Compound 2 

Avoquinoside B (2) 

Pale yellowish amorphous powder; 

[�]�
�� +71 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 230 (1.10), 280 (0.43);  

IR (KBr) νmax 3339, 2925, 2884, 2855, 1720, 1618, 1517, 1472, 1442, 1361, 

1235, 1205, 1079, 1030, 1024, 832, 756 cm–1; 
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 472.1617 [M – H]–, (calcd. for C24H26NO9 472.1608). 

 

5.3.3. Compound 3 

Avoquinoside C (3) 

Pale yellowish amorphous powder; 

[�]�
�� +67 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 220 (1.74), 280 (1.00);  

IR (KBr) νmax 3344, 2887, 2357, 2312, 1722, 1607, 1512, 1473, 1269, 1235, 

1205, 1076, 1036, 754 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 488.1518 [M – H]–, (calcd. for C24H26NO10 488.1557). 

 

5.3.4. Compound 4 

Avoquinoside D (4) 
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Pale yellowish amorphous powder; 

[�]�
�� +67 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 220 (1.74), 280 (1.00);  

IR (KBr) νmax 3344, 2887, 2357, 2312, 1722, 1607, 1512, 1473, 1269, 1235, 

1205, 1076, 1036, 754 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 488.1505 [M – H]–, (calcd. for C24H26NO10 488.1557). 

 

5.3.5. Compound 5 

Avoquinoside E (5) 

Pale yellowish amorphous powder; 

[�]�
�� +68 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε220 (1.73), 280 (0.70);  

IR (KBr) νmax 3370, 2933, 2887, 2853, 2381, 2357, 2307, 1722, 1612, 1518, 

1473, 1443, 1364, 1269, 1081, 1036, 833, 749 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 488.1557 [M – H]–, (calcd. for C24H26NO10 488.1557). 

 

5.3.6. Compound 6 

Avoquinoside F (6) 

Pale yellowish amorphous powder; 

[�]�
�� +65 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 220 (1.73), 280 (0.70);  

IR (KBr) νmax 3343, 2889, 2380, 2630, 2310, 1714, 1618, 1603, 1512, 1472, 

1442, 1336, 1270, 1200, 107, 1044, 1024, 756 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 488.1565 [M – H]–, (calcd. for C24H26NO10 488.1557). 

 

5.3.7.  Compound 7 

Avoquinoside G (7) 

Pale yellowish amorphous powder; 

[�]�
�� +57 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 225 (1.04), 252 (1.20), 320 (0.70);  
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IR (KBr) νmax 3375, 2891, 2851, 2377, 2357, 2347, 2307, 1713, 1653, 1613, 

1558, 1513, 1464, 1439, 1359, 1324, 1200, 1079, 750 cm–1; 
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 470.1440 [M – H]–, (calcd. for C24H24NO9 470.1451). 

 

5.3.8. Compound 8 

Avoxazinoside A (8) 

Pale yellowish amorphous powder; 

[�]�
�� +63 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 220 (1.79), 240 (1.48), 280 (1.00);  

IR (KBr) νmax 3370, 2888, 2382, 2307, 1716, 1602, 1519, 1439, 1365, 1255, 

1111, 1082, 1041, 1022, 828, 759 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 542.1646 [M+Na+H]+, (calcd. for C25H29NO10Na, 542.1638). 

 

5.3.9. Compound 9 

Avoxazinoside B (9) 

Pale yellowish amorphous powder; 

[�]�
�� +63 (c 0.1, MeOH);  

UV (MeOH) λmax (log ε) 225 (1.40), 240 (1.34), 280 (0.95);  

IR (KBr) νmax 3370, 2888, 2382, 2307, 1716, 1602, 1519, 1439, 1365, 1255, 

1111, 1082, 1041, 1022, 828, 759 cm–1;  
1H and 13C NMR data, see Tables 11, 12;  

HRESIMS m/z 542.1629 [M+Na+H]+, (calcd. for C25H29NO10Na, 542.1638). 
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Table 11. 1H NMR data of compounds 1–9 from P. americana in methanol-d4 (mult., J in Hz) 

Pos. 1a 2a 3a 4a  5a 6c 7b 8c 9c 

3 
3.07 (m) 3.07 (m) 

3.08 (ddq, 16.5, 7.9, 
4.2, 3.6)  

3.08 (ddq, 16.5, 7.9, 
4.2, 3.6)  3.09 (m) 3.09 (m) 

6.76 (s)   

2.84 (m) 2.84 (m) 2.84 (td, 16.5, 7.9) 2.84 (td, 16.5, 7.9)    

4 3.76 (t, 6.4) 3.77 (t, 6.4) 3.77 (dd, 7.9, 4.9) 3.77 (dd, 7.9, 4.9)      

5 
7.24 (dd, 10.6, 
7.3) 

7.24 (dd, 10.7, 
7.2) 

7.23 (dd, 10.5, 7.5)  7.23 (dd, 10.5, 7.5)  7.33 (d, 7.4) 7.33 (d, 7.9) 8.47 (d, 7.6) 
7.24 (t, 
7.8) 

7.24 (t, 7.8) 

6 6.93 (m) 6.94 (m) 6.93 (m) 6.93 (m) 6.96 (q, 7.4) 6.96 (q, 7.9) 7.00 (d, 7.6) 
7.04 (dd, 
3.2, 7.3) 

7.04 (dd, 
3.2, 7.3) 

7 7.18 (q, 7.3) 7.17 (q, 7.5) 7.17 (q, 7.2) 7.17 (q, 7.2) 
7.22 (tt, 7.7, 
1.5)  

7.22 (t, 7.9)  7.32 (t, 7.5) 
7.31 (q, 
7.3) 

7.31 (q, 7.3) 

8 
6.88 (dd, 7.7, 
2.6) 

6.88 (dd, 7.7, 2.8) 6.87 (d, 7.8) 6.87 (d, 7.8) 
6.86 (dd, 7.9, 
4.3)  

6.86 (dd, 7.9, 
2.4)  

6.87 (d, 7.5) 
6.88 (d, 
7.9) 

6.88 (d, 7.9) 

10 
     

  3.27 (m) 3.27 (m) 
     3.20 (m) 3.20 (m) 

11        3.12 (s) 3.12 (s) 

1' 4.27 (d, 7.8) 4.27 (d, 7.8) 4.27 (m) 4.27 (m) 4.26 (d, 7.8) 4.26 (d, 7.9) 4.35 (d, 7.7) 
4.18 (d, 
7.8) 

4.18 (d, 7.8) 

2' 3.17 (q, 8.2) 3.17 (q, 8.3) 3.17 (q, 8.7) 3.17 (q, 8.7) 
3.17 (dd, 7.5, 
2.0) 

3.16 (dd, 9.6, 
1.6) 

3.23 (t, 7.7) 
3.14 (d, 
3.7) 

3.14 (d, 3.7) 

3' 3.33 (m) 3.33 (q, 4.6) 3.34 (m) 3.34 (m) 
3.28 (dt, 9.1, 
4.5) 

3.28 (m) 
3.59 (dd, 
13.6, 6.2) 

3.28 (m)  3.28 (m)  

4' 
3.26 (td, 9.4, 9.4,  
2.8) 

3.27 (td, 8.1, 6.4,  
2.8) 

3.26 (t, 9.4) 3.26 (t, 9.4) 3.20 (d, 9.6) 3.20 (d, 9.6) 3.38 (d, 6.2) 3.16 (m) 3.16 (m) 

5' 3.42 (m) 3.42 (m) 3.41 (m) 3.41 (m) 3.35 (br s) 3.35 (br s) 3.38 (d, 5.7) 
3.25 (dd, 
2.1, 5.9) 

3.25 (dd, 
2.1, 5.9) 

6' 
4.44 (m) 4.44 (m) 4.43 (q, 12.1) 4.43 (q, 12.1) 4.20 (m) 

4.22 (ddd, 
12.0, 5.8, 2.0) 

4.60 (d, 
11.6) 

4.26 (m) 4.26 (m) 

4.21 (m) 4.21 (m) 4.20 (m) 4.20 (m) 4.04 (m) 
4.03 (td, 12.0, 
5.8) 

4.51 (dd, 
11.6, 5.7) 

4.08 (m) 4.08 (m) 

2'' 
7.02 (dd, 15.9, 

8.3) 
7.02 (dd, 15.9, 
8.3) 

6.53 (m) 6.53 (m) 7.08 (d, 8.2) 7.08 (d, 8.4) 6.96 (d, 8.3) 
7.08 (dd, 
4.1, 8.5) 

7.08 (dd, 
4.1, 8.5) 

3'' 6.68 (t, 9.1) 6.68 (t, 9.1)   6.71 (dd, 8.6, 
5.01) 

6.71 (dd, 8.4, 
3.2) 

6.63 (d, 8.3) 
6.71 (dd, 
2.3, 8.5) 

6.71 (dd, 
2.3, 8.5) 

5'' 6.68 (t, 9.1) 6.68 (t, 9.1) 6.66 (m) 6.66 (m) 
6.71 (dd, 8.6, 
5.01) 

6.71 (dd, 8.4, 
3.2) 

6.63 (d, 8.3) 
6.71 (dd, 
2.3, 8.5) 

6.71 (dd, 
2.3, 8.5) 
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6'' 
7.02 (dd, 15.9, 
8.3) 

7.02 (dd, 15.9, 
8.3) 

6.68 (dd, 13.7, 2.3) 6.68 (dd, 13.7, 2.3) 7.08 (d, 8.2) 7.08 (d, 8.4) 6.96 (d, 8.3) 
7.08 (dd, 
4.1, 8.5) 

7.08 (dd, 
4.1, 8.5) 

7'' 2.81 (m) 2.81 (m) 2.76 (m) 2.76 (m) 2.83 (m) 
2.82 (qd, 7.2, 
6.2, 3.7) 

2.78 (t, 8.3) 2.82 (m) 2.82 (m) 

8'' 

3.91 (td, 9.2, 8.8, 
6.4)   

3.92 (td, 9.2, 8.6, 
6.4)   

3.91 (q, 8.4) 3.91 (q, 8.4) 
3.92 (ddt, 17.4, 
8.6, 1.9) 

3.92 (tt, 9.8, 
7.4) 

3.91 (dd, 
16.8, 8.3) 

3.88 (m) 3.88 (m) 

3.67 (td, 9.4, 9.2, 
4.6) 

3.67 (m) 3.67 (q, 8.4) 3.67 (q, 8.4) 
3.67 (dt, 8.4, 
1.7) 

3.67 (dtd, 
16.5,9.8, 7.4) 

3.69 (dd, 
16.8, 8.3) 

3.66 (m)  3.66 (m)  

 a Recorded at 800 MHz; b Recorded at 600 MHz; c Recorded at 500 MHz 
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Table 12. 13C NMR data of compounds 1–9 from P. americana in methanol-d4  

Pos. 1a 2a 3a 4a  5a 6c 7b 8c 9c 

2 181.1 181.1 181.2 181.1 180.7 180.7 170.5 152.3 152.3 

3 35.5 35.4 35.5 35.4 42.6 42.6 122.1   

4 43.4 43.4 43.7 43.7 74.7 74.7 140.0 107.0 107.0 

4a 130.6 130.3 130.3 130.3 131.6 131.7 121.3 118.5 118.5 

5 125.1 125.1 125.0 125.0 125.2 125.3 129.9 126.8 126.8 

6 123.4 123.4 123.4 123.4 123.6 123.6 123.6 124.6 124.6 

7 129.3 129.3 129.3 129.3 130.9 130.9 133.9 131.8 131.8 

8 110.9 110.9 110.9 110.9 111.4 111.4 111.4 115.4 115.4 

8a 143.7 143.7 143.6 143.6 143.4 143.4 145.9 137.7 137.7 

9 172.6 172.4 172.6 172.4 170.4 170.4 166.8 169.6 169.6 

10        47.0 47.0 

11        50.7 50.7 

1' 104.4 104.4 104.4 104.4 104.3 104.4 104.5 104.3 104.3 

2' 75.0 75.0 75.0 75.0 74.9 74.9 75.0 74.9 74.9 

3' 77.8 77.8 77.9 77.8 77.8 77.8 77.9 77.9 77.9 

4' 71.6 71.5 71.5 71.5 71.5 71.5 72.4 71.6 71.4 

5' 75.2 75.2 75.2 75.2 75.0 75.2 75.2 75.1 75.1 

6' 65.1 65.0 65.1 65.0 65.0 65.0 65.3 65.1 64.4 

1'' 130.92 130.9 131.4 131.4 130.7 130.8 130.6 130.8 130.8 

2'' 130.88 130.9 121.2 121.2 131.0 131.0 130.8 131.0 131.0 

3'' 116.1 116.1 146.1 146.1 116.1 116.2 116.1 116.2 116.2 

4'' 156.8 156.8 144.6 144.6 156.8 156.8 156.6 156.8 156.8 

5'' 116.1 116.1 116.3 116.3 116.1 116.2 116.1 116.2 116.2 

6'' 130.88 130.9 117.1 117.1 131.0 131.0 130.8 131.0 131.0 

7'' 36.4 36.4 36.7 36.7 36.4 36.4 36.5 36.4 36.4 

8'' 72.3 72.3 72.3 72.3 72.2 72.3 71.7 72.2 72.2 

a Recorded at 200 MHz; b Recorded at 150 MHz; c Recorded at 125 MHz 
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5.4. UPLC-qTOF-MS/MS analysis and molecular networking generation 

An aliquot (5.0 g) of the avocado seeds was defatted by n-hexane extraction and 

then extracted by 70% EtOH at room temperature under sonication (1 h, 3 times). 

The aliquot of combined extracts was dried and diluted in MeOH (HPLC grade) to 

a concentration of 2 mg/ml. The other extract was suspended in water and 

subsequently partitioned with n-hexane, EtOAc, and n-BuOH. The organic layers of 

each partition were also concentrated and prepared at a concentration of 2 mg/ml in 

MeOH. All samples were filtered through a 0.2 μm membrane and stored at 4 °C 

before use in UPLC-qTOF-MS/MS analysis. The MS/MS data were acquired from 

an Agilent 6530 Q-TOF mass spectrometer equipped with an Agilent 1260 Infinity 

UPLC (Agilent Technologies, Santa Clara, CA, USA). A YMC Triart C18 column 

(150 mm × 3.0 mm i.d., 5 µm) was used for separation. The elution gradient 

consisted of H2O (A) and MeCN (B) (both were buffered with 0.1% formic acid) and 

was increased from 10% B to 90% B in 40 min (0.3 mL/min), held for 12 min (1 

mL/min), returned to 10% B in 0.1 min, and then maintained for 5 min (0.3 mL/min). 

Nitrogen was used as the drying gas and collision gas in the ESI source. The 

electrospray ion source parameters were as follows: drying gas flow rate, 10 L/min; 

heated capillary temperature, 350 °C; sheath gas temperature, 350 °C; flow, 12 L/min; 

nebulizer pressure, 30 psi; and VCap, fragmentor, skimmer, and octopole RF peak 

voltages set at 4000, 180, 60, and 750 V, respectively. The detection was carried out 

in positive and negative electrospray ionization modes, and the spectra were 

recorded by MS scanning in the range of m/z 100–1000. The MS/MS analyses were 

carried out by targeted fragmentation, and the collision energy was set at 50 eV. Data 

files were converted to mzXML format by ProteoWizard software, version 

3.0.20315-7da487568 (Chambers et al., 2012). Peak picking, chromatogram 

deconvolution, and other data processing for the MS/MS data were performed by 

MZmine2 software v32 (Pluskal et al., 2010). Eventually, the.mgf clustered spectral 

data file and its corresponding.csv metadata file (for RT, areas, and formula 

integration) were exported using the dedicated “Export for GNPS” and “Export to 

CSV file” built-in options. A molecular network was created using the online 

workflow at GNPS (http://gnps.ucsd.edu). The spectra in the network were then 

searched against GNPS spectral libraries. All matches between the network spectra 

and library spectra that were retained had to have a score above 0.7 and at least 3 
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matched peaks. The molecular networking data were analyzed and visualized using 

Cytoscape (ver. 3.6.0) (Shannon et al., 2003). All of the results and parameters can 

be accessed with the GNPS job id for molecular networking feature-based analysis 

at 

https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=618fd6ab564f4d32aee9cb44d1fb

8be7. 

 

5.5. Deesterification reaction of compounds 1 and 2 to determine the alkaloid moiety 

The mixture of compounds 1 and 2 (1.5 mg, 1 eq) was dissolved in MeOH (200 

µL) and treated with 1 M LiOH (10 eq) in THF/H2O (3:1) by stirring for 1 h. The 

products were neutralized by 1 N HCl to obtain the corresponding alkaloid moiety 

that contains carboxylic acid. After the reacted mixture was dried and partitioned by 

EtOAc/H2O (3 times), the EtOAc layer was checked by HPLC for comparison with 

two standard compounds, 2-oxo-1,2,3,4-tetrahydroquinoline-4-carboxylic acid (2O-

CA) and 2,3-dihydro-2-oxo-1H-indole-3-acetic acid (O-3AA). The HPLC 

conditions were set up as follows: a gradient of 10–90% MeCN/H2O (0.1% formic 

acid) in 20 min, 100% MeCN in 5 min, and restabilization in 5 min at 10% 

MeCN/H2O (0.1% formic acid). The UV detector was set up at four wavelengths of 

201, 254, 280, and 330 nm. The alkaloid moiety of 1 and 2 was identified as 2O-CA 

as they shared the same retention time on the HPLC chromatogram at 8.8 min.  

 

5.6. Computational ECD calculations 

Conformational analyses of compounds 1–6, 8, and 9 were simulated using 

molecular mechanics force-field (MMFF94s) calculations with a search limit of 1.0 

kcal/mol in Conflex 7 (Conflex Corp., Tokyo, Japan). The conformers with a 

Boltzmann population of over 1% were geometrically optimized by TmoleX 4.3 and 

Turbomole (COSMOLogic GmbH, Leverkusen, Germany) at the def-SV(P) basis set 

for all atoms and the B3LYP functional level in the gas phase. The computational 

ECD spectra of the optimized conformers were represented by time-dependent 

density functional theory (TDDFT) using 6-31G/B3LYP according to the Boltzmann 

distributions. The ECD data were generated using Gaussian functions for each 

transition (σ is the width of the band at a height of 1/e). The overall calculated ECD 

curve that was generated by using SpecDis 1.71 version 1.71 (Bruhn et al., 2013b) 
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was used for comparison to experimental data. 

Table 13. Gibbs free energies and equilibrium populations of low-energy conformers 

of 4R-1 

Conformers In MeOH 
4R - 1 ∆Ga P(%)b 

I 

 

0.00 1.16 

II 

 

0.29 0.71 

III 

 

-2.62 95.94 

IV 

 

0.25 0.76 

V 

 

-0.13 1.43 

a B3LYP/6-31G, in kcal/mol, b From ∆G values at 298.15K and 1 atm 
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Table 14. Gibbs free energies and equilibrium populations of low-energy conformers 

of 4S-1 

Conformers In MeOH 
4S-1 ∆Ga P(%)b 

I 

 

0.00 78.27 

II 

 

1.06 13.01 

III 

 

1.31 8.65 

IV 

 

4.14 0.07 

a B3LYP/6-31G, in kcal/mol, b From ∆G values at 298.15K and 1 atm 
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Table 15. Gibbs free energies and equilibrium populations of low-energy conformers 

of 4R-5 

Conformers In MeOH 
4R - 5 ∆Ga P(%)b 

I 

 

0.00 53.45 

II 

 

0.23 35.98 

III 

 

0.98 10.26 

IV 

 

3.04 0.31 

a B3LYP/6-31G, in kcal/mol, b From ∆G values at 298.15K and 1 atm 
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Table 16. Gibbs free energies and equilibrium populations of low-energy conformers 

of 4S-5 

Conformers In MeOH 
4R - 5 ∆Ga P(%)b 

I 

 

0.00 95.26 

II 

 

5.17 0.02 

III 

 

3.99 0.11 

IV 

 

1.81 4.52 

V 

 

5.31 0.01 

VI 

 

4.24 0.07 

a B3LYP/6-31G, in kcal/mol, b From ∆G values at 298.15K and 1 atm 
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Table 17. Gibbs free energies and equilibrium populations of low-energy conformers 

of 4R-8 

 
Conformers In MeOH 

4R-8 ∆Ga P(%)b 

I 

 

0.00 87.34 

II 

 

1.18 11.92 

III 

 

4.35 0.06 

IV 

 

2.88 0.68 

a B3LYP/6-31G, in kcal/mol, b From ∆G values at 298.15K and 1 atm 
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Table 18. Gibbs free energies and equilibrium populations of low-energy conformers 

of 4S-8 

 

Conformers In MeOH 
4S - 8 ∆Ga P(%)b 

I 

 

0.00 92.44 

II 

 

1.55 6.81 

III 

 

3.64 0.20 

IV 

 

3.04 0.55 

a B3LYP/6-31G, in kcal/mol, b From ∆G values at 298.15K and 1 atm 
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5.7. Sirt1 deacetylation assay with a luciferase reporter cell-based assay 

HEK293 cells were maintained in high glucose Dulbecco’s modified Eagle’s 

medium (DMEM; Welgene, Deajeon, Korea) supplemented with 10% fetal bovine 

serum (FBS; HyClone, GE Healthcare Life Sciences, UK), 100 U penicillin, and 

100 μg/mL streptomycin (HyClone). The HEK293 cells (5,000 per well) were seeded 

in 48-well plates and maintained overnight. The cells were transfected with 4 

plasmids, PG13-luc plasmid (wt p53 binding sites), myc-tagged p53 plasmid (myc-

p53), flag-tagged Sirt1 plasmid (flag-Sirt1), and RSV-β-galactosidase plasmid as an 

internal standard, to investigate SIRT1 deacetylation activity via a luciferase reporter. 

PEI transfection reagent (Polyscience, Inc., PA, USA) was employed to deliver the 

plasmids into cells. At five hours posttransfection, the medium was replaced, and the 

cells were treated with vehicle, resveratrol, or the compounds of interest for 24 h 

before luciferase and β-galactosidase expression was analyzed by using passive lysis 

buffer (Promega, WI, USA) and a firefly luciferase assay kit (Promega, WI, USA). 

The luciferase activity was normalized to β-galactosidase activity to obtain the final 

value representative of SIRT1 deacetylation activity. 

 

5.8. NAD+/NADH ratio measurements 

For the overexpression of SIRT1, the flag-tagged Sirt1 plasmid was transfected 

into HEK293 cells and then treated with vehicle, resveratrol, or the compounds of 

interest for 12 h. The NAD+/NADH quantification kit (Red Fluorescence, AAT 

Bioquest, Inc., CA, USA) was used to measure the NAD+ to NADH ratio from the 

whole cell lysate according to the manufacturer’s instructions. The fluorescence 

signal generated from the enzymatic cycling reaction was monitored at excitation 

and emission wavelengths of 540 and 590 nm, respectively, using a fluorescence 

microplate reader (Spectra Max GEMINI XPS, Molecular Devices, CA, USA). 

 

5.9. Statistic analyses  

GraphPad PRISM (GraphPad Software, La Jolla, CA, USA) was used for 

graphical representation and statistical calculation. Data are presented as the means 

± standard deviations (SDs) of three or four independent experiments. Multiple 

comparisons were conducted with one-way analysis of variance (ANOVA), followed 

by Dunnett’s multiple comparison test (*p < 0.05, ** p < 0.01, and *** p < 0.001 
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compared to the control). 

 

6. Conclusions 

In summary, by utilizing a modern technique called UPLC-qTOF-MS/MS-

based molecular networking, the phytochemicals in avocado seeds were dereplicated. 

Moreover, a procedure to quickly access alkaloids in avocado seed extract was 

successfully applied to isolate nine new compounds, including seven quinolone 

alkaloids and two benzoxazinone alkaloids. The structures of these compounds were 

reported for the first time and were fully determined by a combination of NMR 

spectroscopy analysis and ECD calculations. All isolated compounds were tested for 

their SIRT1 activities in HEK293 cells, and the results suggested that compound 1 

showed the strongest SIRT1 stimulation activity with an elevated NAD+/NADH ratio 

and could be a promising SIRT1 activator for the discovery of new drugs. 
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Part 3: Oleanane triterpenoids from Gymnema inodorum and 

their insulin-mimetic and muscle cell proliferation activities 

1. Introduction  

1.1. Study background 

1.1.1. Gymnema inodorum (Lour.) Decne 

Gymnema inodorum (Lour.) Decne is a climbing plant with a slender but vigorous 

woody stem (Wang et al., 2008) belonging to the family Apocynaceae which 

contains about 51 species distributed in Asia and Africa. G. inodorum name comes 

from the Hindi word “Gurmar” which means “destroyer of sugar” and it is also well-

known for its antidiabetic effect as its name either in the traditional uses of their 

leaves (Dunkhunthod et al., 2021) or recent in vitro studies (Shimizu et al., 2001; 

Srinuanchai et al., 2021; Trang et al., 2021), and even in clinical trial (Anchalee et 

al., 2010). In addition, G. inodorum has been known to have therapeutic effects in 

curing other certain diseases, such as rheumatic arthritis, and gout (Dunkhunthod et 

al., 2021). The phytochemicals in G. inodorum have been reported including 

polyphenol and flavonoids (Dunkhunthod et al., 2021), oleanane triterpenoids (An 

et al., 2020), pregnane glycosides (Trang et al., 2021). Among reported 

phytochemicals from G. inodorum, methyl anthranilate derivatives that have been 

considered as crucial contributors to flavor odor in foods showed potential 

stimulation effects on glucose uptake in 3T3-L1 adipocyte cells (An et al., 2020). 

Methyl anthranilate is one of the most potent active floral odorants, occurring mainly 

in grapes and strawberries, and has been applied to the formulation of food additives 

or edible flavors (Thompson & Quaife, 2001). This compound has been reported to 

exhibit a flavor strong enough to exceed perception thresholds (Zhou et al., 2019). 

Therefore, it has been employed to analyze food quality, such as distinguishing wines 

made from Vitis vinifera grapes and those made from Vitis labruscana grapes or 

applied as a marker of the floral origin of citrus honey (Perry et al., 2019). 
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Figure 136. Gymnema inodorum (Lour.) Decne. The leaves of G. inodorum were 

collected in September 2018 in Hoai Duc district, Hanoi City, Vietnam (20°59′30.6″ 

N 105°43′49.8″ E). 

 

1.1.2. Relative mass defect  

The difference between the exact mass and nominal mass of a compound is 

known as a mass defect (Sleno, 2012). High-resolution mass spectrometers, which 

can measure exact mass, have become more and more common in analytical and 

bioanalytical chemistry since their introduction. Since every element's isotope 

produces a small amount of energy upon forming and stabilizing its nucleus, this 

energy causes the phenomenon known as a mass defect (nuclear binding energy) 

(Sleno, 2012). Each element has a distinct mass defect, therefore, the absolute value 

of an anion's mass defect reveals the ion's elemental makeup (Ekanayaka et al., 2015). 

Table 19 showed the absolute mass defects of common organic atoms in natural 

products. 

Table 19. Natural abundances, exact mass, and mass defects of common elements 

in natural products. 

Atom Isotope natural abundance (%) Exact mass Mass defect 

H 
1H 99.9885 1.00783 0.00783 
2H 0.0115 2.01410 0.01410 

C 
12C 98.9300 12.00000 0.00000 
13C 1.0700 13.00335 0.00335 

O 
16O 99.7570 15.99491 -0.00509 
17O 0.0380 16.99913 -0.00087 

N 
14N 99.6320 14.00307 0.00307 
15N 0.3680 15.00011 0.00011 

Relative mass defect (RMD) in ppm, a normalization of the absolute mass defect 



171 

 

to the mass of the anion, has been introduced as an alternate and promising approach 

and was calculated as (mass defect/measured mono isotopic mass)×106 (Ekanayaka 

et al., 2015). By calculation of varieties of secondary metabolites from nature, 

Rubner and Intelmann provided a “molecular map” that showed a plot of RMD 

versus the m/z and has been useful for further analysis of natural products (Rubner 

& Intelmann, 2014). In particular, phenolics and flavonoids showed a relatively low 

RMD compared to the other type of compounds (RMD 100–300 ppm), and the 

higher molecular (m/z) indicated the level of glycosylation in those molecules. A 

similar trend at higher value of RMD was observed in terpenoids, triterpenoids, and 

saponins. The associated between RMD and m/z in the plot of “molecular map” 

enable quick and thorough overviews of secondary metabolites that can be found 

using HR-MS/MS (Rubner & Intelmann, 2014).    

 

1.1.3. Natural products and type 2 diabetes 

The epidemic of diabetes mellitus and its complications is a major global health 

problem (Chae & Shin, 2012). The global prevalence of diabetes and impaired 

glucose tolerance has sharply increased recently. The International Diabetes 

Federation reported the prevalence of adult diabetes as an estimated 425 million in 

2017, with one out of 11 adults suffering from diabetes (Gomes et al., 2019). 

Furthermore, the number of persons with type 2 diabetes is expected to increase from 

405 million in 2018 to 510 million in 2030 (Basu et al., 2019). With respect to 

socioeconomic burden, around 12% of overall global health-care expenditures are 

spent on the treatment of diabetes (Bommer et al., 2018).  

Insulin is a peptide hormone from pancreatic β cells that increases glucose 

uptake by playing a critical role in glucose homeostasis (Gómez-Huelgas et al., 

2015). Insulin binds to the insulin receptor, inducing conformational changes and 

successively resulting in autophosphorylation of the receptor (Sciacca et al., 2010). 

Insulin plays a critical role to maintain glucose homeostasis by orchestrating hepatic 

glucose production and peripheral glucose utilization (Alvarez & Ashraf, 2010). 

However, impaired insulin circulation reduces glucose transportation into skeletal 

muscle and adipose tissues by inducing high glucose levels in the blood (Nielsen et 

al., 2015). Insulin mimetics have been considered as strong candidates to treat type 

2 diabetes, and they exhibit two major mechanisms by which compounds act like 
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insulin (Nankar & Doble, 2013). Insulin mimetics activate the tyrosine kinase 

domain of the insulin receptor, resulting in autophosphorylation of the receptor, 

activating downstream signaling pathways crucial for insulin metabolism. These 

agents are also known to inhibit protein tyrosine phosphatases to dephosphorylate 

insulin receptors and insulin receptor substrates. Much effort has been made to 

discover insulin mimetics from natural products, because of their potential lesser side 

effects and the possibility of penetrating the blood−brain barrier (Zhang et al., 1999). 

 

1.1.4. Muscle atrophy 

Skeletal muscles are the most abundant tissues accounted for 40–50 % of the 

total mass in healthy-weight individuals and are the protein reservoir in the human 

body (Sartori et al., 2021b). They not only control locomotion but also are 

fundamental for breathing, eating, energy expenditure, as well as for glucose, amino 

acids, and lipids homeostasis, and for maintaining a high quality of life (Sartori et 

al., 2021b). Skeletal muscles are heterogeneous concerning fiber type and metabolic 

properties and therefore they vary, often drastically, in their response to the same 

stimulus (Sartori et al., 2021b). Most of the pathways regulating muscle mass, such 

as insulin/IGF1 or TGFβ/activin/BMP, impinge both on protein synthesis and 

degradation, changes in protein turnover leading to muscle hypertrophy or atrophy, 

and muscle atrophy results from decreased protein synthesis and increased protein 

degradation (Sartori et al., 2021b). In muscle atrophy, the amino acids released by 

lysosome and proteasome during protein breakdown directly stimulate mTOR, and 

therefore, protein synthesis might increase (Sartori et al., 2021b). Recently, growing 

evidence has shown that natural products play a key role in the prevention and 

treatment of skeletal muscle atrophy such as resveratrol (Momken et al., 2011; D.-T. 

Wang et al., 2014a, 2014b), salidroside (X. Chen et al., 2016), matrine (Li Chen et 

al., 2019), imperatorin (Linlin Chen, Xu, et al., 2020), parthenolide (Quanjun et al., 

2013), ursolic acid (Yu et al., 2017), and cryptotanshinone (Linlin Chen, Yang, et al., 

2020). Structurally, oleanane triterpenoids isolated from G. inodorum shared a 

similar backbond to ursolic acid that showed an effect in the treatment of muscle 

atrophy (Yu et al., 2017).  
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1.2. Purpose of Research 

Molecular networking that has been used as a dereplication strategy in the 

natural products field was applied to investigate phytochemicals in G. inodorum. 

Based on analyzing RMD and molecular network against GNPS libraries as well as 

a literature review of components from Gymnema genus, putative analogs of known 

compounds or those that belong to the same class that was observed in the same 

cluster were identified. Clusters of interesting compounds that were not assigned by 

comparison with available databases were further targeted and isolated for structure 

determination and biological activities evaluation.
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2. Targeted isolation of alkaloids from G. inodorum 

2.1. Targeted isolation of alkaloids from G. inodorum by using LC-MS/MS-based 

molecular networking 

The aerial part of G. inodorum was extracted with 70% EtOH. Then, the crude 

extract was dried under a vacuum and partitioned between n-hexane, EtOAc, n-

BuOH, and water. The UPLC-qTOF-MS/MS data of fractions n-hexane, EtOAc, n-

BuOH, and water were processed by Mzmine2 (Pluskal et al., 2010) and applied to 

the FBMN-GNPS platform (hosted by https://gnps.ucsd.edu, (M. Wang et al., 2016a)) 

to generate molecular networking. The result was visualized through the Cytoscape 

ver. 3.6.0 (Shannon, 2003). The dereplication of secondary metabolites from 

avocado seeds was identified against GNPS libraries and by comparison with 

compounds reported in the Gymnema genus (Scifinder) databases (Figure 138). As 

shown in Figure 138, four main clusters were visualized and putatively assigned to 

belong to oleanane triterpenoids (cluster 1), flavonoids (cluster 2), N-methyl 

anthranilate derivatives of oleanane triterpenoids (cluster 3), and benzoyl derivatives 

of oleanane triterpenoids. Therefore, further experiments were performed to isolate 

targeting peaks that were not reported before in the literature. As a result, fourteen 

new alkaloids were isolated, and their structures were elucidated by NMR 

spectroscopy. 
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Figure 137. Total ion chromatography (TIC) of the n-hexane, EtOAc, and n-BuOH fractions of G. inodorum aerial extract in negative and 

positive modes.
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Figure 138. Molecular networking of the n-hexane, EtOAc, and n-BuOH fractions of G. inodorum aerial extract and the relative mass defect 

(RMD) analysis of these fractions.  

(this network is accessible at https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=924954612476435ca4a0c803a7dacd9d)



177 

 

  

Figure 139. Targeted molecules for isolation from molecular networking of G. inodorum  
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Figure 140. Chemical structures of isolated compounds 1−18 from G. inodorum 

 

 

 

 

 

 

 

 

 
R1 R2 R3 R5 

4 S2 CH2OH CH2OH CH3 

5 S2 CH3 CH3 CH3 

6 S2 CH3 CH2OH CH2OH 

7 S2 CH3 CH3 CH2OH 
15 S1 CH3 CH2OH CH3 

16 S3 CH3 CH2OH CH3 
 

 
 

R1 R2 R3 R4 R5 
1 S3 CH3 M-ant H CH3 
2 S1 CH2OH M-ant H CH2OH 
8 S1 CH2OH M-ant H CH3 
9 S3 CH2OH M-ant H CH3 
10 S2 CH3 M-ant H CH2OH 
11 S4 (α-Glc) CH3 M-ant H CH3 
12 S4 (β-Glc) CH3 M-ant H CH3 
13 S2 CH2OH M-ant H CH3 
14 S3 CH3 H M-ant CH3 
17 S1 CH3 M-ant H CH3 
18 H CH3 M-ant H CH3 

 

 

3 
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3. Structure elucidation of alkaloids from G. inodorum 

3.1. Compound 1 

Compound 1 was isolated as a white, amorphous powder with an [�]�
�� – 6.2 

(c 0.5, MeOH). Its molecular formula of C50H75NO16 was suggested from a 

deprotonated highresolution electrospray ionization mass spectrometric (HRESIMS) 

ion peak at m/z 944.5023 [M−H]− (calcd for C50H74NO16, 944.5007), indicating 14 

degrees of unsaturation. The IR bands at 3394, 1605, and 1519 cm−1 were indicative 

of NH stretch, olefinic group, and NH bend absorbances. The 1H NMR spectrum 

showed signals for four aromatic protons (δH 7.92 (dd, J = 8.0, 1.3 Hz, H-7'), 7.39 

(ddd, J = 7.0, 6.5, 1.4 Hz, H-5'), 6.77 (dd, J = 8.1, 1.1 Hz, H-4'), and 6.64 (ddd, J = 

7.0, 6.4, 1.3 Hz, H-6'), one olefinic proton (δH 5.36, br s, H-12), two anomeric protons 

(δH 4.58 (d, J = 7.8 Hz, H-1''') and 4.44 (d, J = 7.8 Hz, H-1'')], one nitrogenated 

methyl group (δH 2.88, s, H-8'), and seven methyl groups (δC 1.31, 1.11, 1.07, 1.04, 

0.99, 0.98, and 0.86). The 13C NMR spectrum exhibited resonances for two carbonyl 

carbons (δC 172.3 and 169.1), six aromatic carbons (δC 151.4, 135.6, 133.1, 117.0, 

113.3, and 113.1), two olefinic carbons (δC 142.7 and 125.0), and two anomeric 

carbons (δC 106.6 and 105.2), suggesting the occurrence of pentacyclic triterpene 

aglycone with two sugar substituents. The HMBC correlations from the nitrogenated 

methyl signal at δH 2.88 to an aromatic carbon (δC 151.4, C-3') and from the aromatic 

proton signal at δH 7.92 to a carbonyl carbon (δC 169.1, C-1') suggested the presence 

of an anthranilate group (Figure 1A). Its position was confirmed based on the HMBC 

correlation from H-22 (δH 5.63, dd, J = 12.2, 3.8 Hz) to C-1'. The COSY spectrum 

showed correlations for H-15 (δH 1.79)/H-16 (δH 4.70) and H-21 (δH 1.83)/H-22 (δH 

5.63), indicating C-16 and C-22 to be oxygenated (Figure 144). The oxygenated 

methylene group at C-17 was confirmed based on an HMBC correlation from H-28 

(δH 3.59, m) to C-17 (δC 46.5). The presence of a glucuronic acid moiety was 

determined based on the HMBC correlation from H-5'' of glucuronic acid (GlcA) (δH 

3.81, m) to C-6'' (δC172.3). In the HMBC spectrum, the anomeric proton of the 

glucuronic acid unit showed a correlation with C-3 (δC 91.0) of the aglycone, and the 

anomeric proton of glucose was correlated with C-3''. The attachment of an N-methyl 

anthranilate moiety at C-22 was deduced as α-oriented based on the NOESY 

correlation between H-18 (δH 2.59, dd, J = 11.0, 3.0 Hz) and H-22 (δH 5.63, dd, J = 

12.2, 3.8 Hz) (Figure 145). The NMR data observed for compound 1 were similar to 
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those of (3β,16β,22α)-22-(N-methylanthraniloxy)- 16,23,28-trihydroxyolean-12-en-

3-yl-3-O-β-D-glucopyranosyl-β-D-glucopyranosiduronic acid, which was isolated 

previously from G. inodorum, except for the absence of a C-23 hydroxy group of the 

aglycone in compound 1 (Shimizu et al., 2001). Thus, compound 1 was characterized 

as (3β,16β,22α)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-yl-3-O-

β-D-glucopyranosyl-β-Dglucopyranosiduronic acid. 
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Figure 141. 1H and 13C NMR spectra of compound 1 (400/100 MHz, pyridine-d5) 

 

Figure 142. HSQC spectrum of compound 1  
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Figure 143. HMBC spectrum of compound 1
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Figure 144. 1H–1H COSY spectrum of compound 1 
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Figure 145. NOESY spectrum of compound 1 
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3.2. Compound 2 

Compound 2 was obtained as a white, amorphous powder with an [�]�
�� – 33 

(c 0.1, MeOH). The molecular formula C44H65NO13 was determined from the 

HRESIMS ion peak at m/z 814.4402 [M−H]− (calcd for C44H64NO13, 814.4377), 

indicating 13 degrees of unsaturation. The IR bands at 3395, 1607, and 1520 cm−1 

were indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C 

NMR data of 2 were similar to those of compound 1. Analysis of its 1H and 13C NMR 

data with the aid of the HSQC spectrum revealed signals of four aromatic protons 

[δH 7.89 (dd, J = 8.0, 1.6 Hz, H-7'), 7.34 (ddd, J = 8.6, 7.1, 1.7 Hz, H-5'), 6.68 (d, J 

= 8.4 Hz, H-4'), and 6.59 (ddd, J = 8.4, 7.0, 1.6 Hz, H-6')], a nitrogenated methyl (δH 

2.86, s, H3-8'), and a carbonyl carbon (δC 169.6, C-1'), consistent with the presence 

of a methyl anthranilate substituent in compound 2. The major difference for 2 

compared to 1 was the presence of two hydroxy groups at two methyl groups (C-23 

and C-29) and the absence of any glucose unit. Two pairs of oxygenated methylene 

groups [δH 3.63/3.30 (H2-23) and 3.23/ 3.22 (H2-29)] showed HMBC correlations 

with C-4 (δC 43.9) and C-20 (δC 38.3), respectively, indicating that both C-23 and C-

29 are substituted with a hydroxy group. The carbon chemical shift of C-3'' was 

present at δC 77.8, which was relatively upfield shifted compared to C-3'' (δC 86.7) 

in compound 1, suggesting no functional group or sugar was attached. The 

configuration of C-22 was suggested based on a NOESY correlation between H-18 

(δH 2.65, d, J = 12.8 Hz) and H-22 (δH 5.63, dd, J = 12.3, 3.9 Hz). Therefore, 

compound 2 was assigned as (3β,16β,22α)-22-(N-methylanthraniloxy)-16,23,28,29-

tetrahydroxyolean-12-en-3-yl-O-β-D-glucopyranosiduronic acid. 
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Figure 146. 1H and 13C NMR spectra of compound 2 (800/200 MHz, methanol-d4) 

 

Figure 147. HSQC spectrum of compound 2  
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Figure 148. HMBC spectrum of compound 2 
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Figure 149. 1H–1H COSY spectrum of compound 2 
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Figure 150. ROESY spectrum of compound 2 
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3.3. Compound 3 

Compound 3, a white, amorphous powder with an [�]�
�� + 8.2 (c 0.6, MeOH), 

was found to possess a molecular formula of C43H62O12 based on its HRESIMS peak 

at m/z 769.4150 [M−H]− (calcd for C43H61O12, 769.4163), which indicated 13 degrees 

of unsaturation. The IR bands at 3359 and 1606 cm−1 were indicative of the presence 

of hydroxy and olefinic groups. The NMR data of compound 3 showed similar 

patterns to those of compound 2 except the absence of any signals on the methyl 

amine group at C-2' of the aromatic ring and for a hydroxy group at C-29 of the 

aglycone. The 1H NMR data of 3 showed a typical A2B2X system in the aromatic 

ring [δH 8.04 (dd, J = 8.0, 1.0 Hz, H-2', H-6'), 7.57 (m, H-4'), and 7.46 (m, H-3', H-

5')]. The HMBC correlation from H-22 at δH 5.64 (dd, J = 11.9, 3.8 Hz) to C-7' (δC 

167.8) indicated the position of a benzoic acid substituent. The HMBC correlations 

between two methyl groups [δH 1.11 (s, H3-30) and 1.00 (s, H3-29)] and a quaternary 

carbon (δC 32.9, C-20) suggested that neither C-29 nor C-30 was substituted. The 

proton on H-22 was determined as being β-oriented based on a NOESY correlation 

between H-18 (δH 2.56, d, J = 11.0 Hz) and H-22 (δH 5.64, dd, J = 11.9, 3.8 Hz). 

Compound 3 was characterized as (3β,16β,22α)-22-benzoyloxy-16,23,28-

trihydroxyolean-12-en-3-yl-O-β-D-glucopyranosiduronic acid. 
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Figure 151. 1H and 13C NMR spectra of compound 3 (800/200 MHz, methanol-d4) 

 

Figure 152. HSQC spectrum of compound 3 
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Figure 153. HMBC spectrum of compound 3 
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Figure 154. 1H–1H COSY spectrum of compound 3 
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3.4. Compound 4 

Compound 4 was obtained as a white, amorphous powder with an [�]�
�� + 51.6 

(c 0.6, MeOH). The molecular formula C42H68NO15 was determined from the 

HRESIMS ion peak at m/z 811.4472 [M−H]− (calcd for C42H67O15, 811.4480), 

consistent with nine degrees of unsaturation. The IR bands at 3360 and 1607 cm−1 

were indicative of hydroxy and olefinic groups. The 1H and 13C NMR data of 4 were 

similar to those of compound 1. The major difference was the absence of signals for 

an N-methylanthranilate group at C-22 and the evidence for a different glycosidic 

linkage. The 1H NMR data of compound 4 showed six singlet methyl groups (δH 1.38, 

1.10, 1.04, 1.00, 0.94, and 0.91). The HMBC correlations from H-1'' (δH 5.21, d, J = 

7.1 Hz) to C-3 (δC 82.3) and from H-1''' (δH 5.46, d, J = 7.8 Hz) to C-2'' (δC 83.9) 

supported the glycosidic position. The carbon chemical shift of C-2'' was shifted 

downfield, because of the attachment of a glucopyranosyl unit at C-2''. Therefore, 

compound 4 was determined as (3β,16β)-16,23,28-trihydroxyolean-12-en-3-yl-2-O-

β-D-glucopyranosyl-β-D-glucopyranosiduronic acid. 
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Figure 155. 1H and 13C NMR spectra of compound 4 (500/125 MHz, pyridine-d5) 
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Figure 156. HSQC spectrum of compound 4 
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Figure 157. HMBC spectrum of compound 4 
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Figure 158. 1H–1H COSY spectrum of compound 4 

 

 

Figure 159. NOESY spectrum of compound 4 
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3.5. Compound 5 

Compound 5, a white, amorphous powder with an [�]�
�� + 51.6 (c 0.6, MeOH), 

was found to possess a molecular formula of C42H68O13, based on its HRESIMS peak 

at m/z 779.4568 [M−H]− (calcd for C42H67O13, 779.4581), indicating nine degrees of 

unsaturation. The IR bands at 3361 and 1606 cm−1 were indicative of hydroxy and 

olefinic groups. Its 1H and 13C NMR data revealed that compound 5 possesses a 

similar structure to compound 4 except for the absence of hydroxy groups at C-23 

and C-28. The 1H NMR spectrum of compound 5 showed eight singlet methyl group 

resonances (δH 1.23, 1.09, 1.02, 0.99, 0.92, 0.89, 0.87, and 0.79). The glucoside unit 

position was established based on HMBC correlations from H-1'' (δH 4.46, d, J = 7.8 

Hz) to C-3 (δC 91.6) and from H-1''' (δH 4.69, d, J = 7.8 Hz) to C-2'' (δC 80.8). The 

carbon chemical shift of C-2'' was shifted downfield, because of the attachment of a 

glucopyranosyl at C-2''. Compound 5 was characterized as (3β,16β)- 16-

hydroxyolean-12-en-3-yl-2-O-β-D-glucopyranosyl-β-D-glucopyranosiduronic acid. 
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Figure 160. 1H and 13C NMR spectra of compound 5 (800/200 MHz, methanol-d4) 

 

Figure 161. HSQC spectrum of compound 5 
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Figure 162. 1H–1H COSY spectrum of compound 5 

 

 

Figure 163. NOESY spectrum of compound 5 
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3.6. Compound 6 

Compound 6 was isolated as a white, amorphous powder with [�]�
�� –34.6 (c 

0.1, MeOH). Its molecular formula of C42H68O15 was deduced from the deprotonated 

HRESIMS peak at m/z 811.4470 [M−H]− (calcd for C42H67O15, 811.4480) showing 

nine degrees of unsaturation. The IR bands at 3360 and 1605 cm−1 were indicative 

of the occurrence of hydroxy and olefinic groups. The 1H and 13C NMR data were 

similar to those of compound 5 except for the presence of hydroxy groups at C-28 

and C-29. Six singlet methyl groups (δH 1.39, 1.28, 1.23, 1.12, 1.03, and 0.85) were 

observed, and oxygenated methylene protons were present at δH 3.62 (s, 2H, H2-29). 

Therefore, compound 6 was proposed structurally as (3β,16β)-16,28,29-

trihydroxyolean-12-en-3-yl-2-O-β-D-glucopyranosyl-β-D-glucopyranosiduronic 

acid. 
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Figure 164. 1H and 13C NMR spectra of compound 6 (600/150 MHz, methanol-d4) 
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3.7. Compound 7 

Compound 7 was isolated as a white, amorphous powder, with an [�]�
�� +19.8 

(c 0.1, MeOH). The chemical formula of C42H68O14 was suggested from the 

deprotonated HRESIMS peak at m/z 795.4520 [M−H]− (calcd for C42H67O14, 

795.4531), indicating nine degrees of unsaturation. The IR bands at 3358 and 1606 

cm−1 showed hydroxy and olefinic groups to be present. The NMR spectrum of 

compound 7 showed similar patterns to those of compound 5 except the presence of 

a signal for a hydroxy group at C-29. Seven singlet methyl groups (δH 1.40, 1.28, 

1.21, 1.21, 1.17, 1.05, and 0.88) were shown, and oxygenated methylene protons 

were present at δH 3.60 (s, H2-29). Compound 7 was characterized therefore as 

(3β,16β)-16,29-dihydroxyolean-12- en-3-yl-2-O-β-D-glucopyranosyl-β-D-

glucopyranosiduronic acid. 
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Figure 165. 1H and 13C NMR spectra of compound 7 (500/125 MHz, methanol-d4) 
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Figure 166. HSQC spectrum of compound 7  
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Figure 167. HMBC spectrum of compound 7 



203 

 

OOHO

HOOC

O

HO

OH

O

OH
HOHO

HO

OH

3

25 26

27

29

28

16

 

  

Figure 168. 1H–1H COSY spectrum of compound 7 
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3.8. Compound 8 

Compound 8 was identified as (3β,16β,22α)-22-(N-methylanthraniloxy)-

16,23,28-trihydroxyolean-12-en-3-yl-β-D-glucopyranosiduronic acid based on the 

reported compounds in literature (Shimizu et al., 2001). 
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Figure 169. 1H and 13C NMR spectra of compound 8 (400/100 MHz, methanol-d4) 
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3.9. Compound 9 

The 1H and 13C NMR data of compound 9 suggested that 9 was (3β,16β,22α)-

22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-en-3-yl-3-O-β-D-

glucopyranosyl-β-D-glucopyranosiduronic acid that was reported in literature 

(Shimizu et al., 2001). 
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Figure 170. 1H and 13C NMR spectra of compound 9 (400/100 MHz, pyridine-d5) 
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3.10. Compound 10 

Compound 10 was obtained as a white, amorphous powder with an [�]�
�� +21 

(c 0.1, MeOH). The molecular formula C44H67NO11 was determined from the 

HRESIMS ion peak at m/z 960.4989 [M – H]¯, (calcd for C44H66NO11, 960.4957), 

indicating 12 degrees of unsaturation. The IR bands at 3383, 1607, and 1514 cm−1 

were indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C 

NMR data of 10 were similar to those of the oleanane skeleton of 8 with N- methyl 

anthranilate moiety. The differences between 10 and 8 were observed in the sugar 

moiety and the position of a methylene hydroxyl on the oleanane skeleton. In 

particular, the downfield shifted resonance of C-3 at 89.4 ppm indicated that there 

were two methyl groups located at C-4 (C-23, δH 0.98/ δC 17.5 and C-24, δH 1.29/ δC 

28.5). HMBC correlations from H2-29 (δH 4.13/4.03) to C-30 (δC 28.8), C-20 (δC 

37.6), C-21 (δC 35.5), and C-19 (δC 41.7) suggested that the methylene hydroxy 

functional group was C-29 in 10 instead of at C-23 as in 8. Moreover, the structure 

of 10 showed the presence of a glucose unit with an anomeric signal at δH  5.47 (J = 

7.6 Hz)/ δC 106.4 ppm instead of the glucuronic acid unit as in 8. The large coupling 

constant of the anomeric proton indicated that the sugar was in β-orientation, and the 

absolute configuration of sugar was identified to be β-D-glucose by comparing to 

authentic compounds after acid hydrolysis and sugar derivatizing. Therefore, 10 was 

identified as (3β,16β,22α)-22-(N-methylanthraniloxy)-16,28,29-trihydroxyolean-

12-en-3-yl-O-β-D-glucopyranosiduronic acid.
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Figure 171. 1H and 13C NMR spectra of compound 10 (400/100 MHz, pyridine-d5) 

 

Figure 172. HSQC spectrum of compound 10  
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Figure 173. HMBC spectrum of compound 10 
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Figure 174. 1H–1H COSY spectrum of compound 10 

 

 

Figure 175. NOESY spectrum of compound 10 
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3.11. Compound 11 

Compound 11 was obtained as a white, amorphous powder with an [�]�
�� 

+27.2 (c 0.1, MeOH). The molecular formula C51H77NO16 was determined from the 

HRESIMS ion peak at m/z 960.5447 [M + H]+, (calcd for C51H76NO16, 960.5433), 

indicating 13 degrees of unsaturation. The IR bands at 3376, 1678, and 1510 cm−1 

were indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C 

NMR data of 11 were similar to 1 except for the presence of an additional methoxy 

functional group at δH 3.74 (s)/ δC 52.6 ppm. The HMBC correlation from the 

methoxy signal (δH 3.74) to C-6'' (δC 170.7) suggested that the additional 7''-OMe 

was attached at the carboxylic group position. Additionally, the resonance of the 

anomeric proton signal of glucose moiety showed a small coupling constant (δH 5.37, 

J = 3.4 Hz) suggesting an α-orientation of glucose unit in 11. Therefore, compound 

11 was identified as methyl (3β,16β,22α)-22-(N-methylanthraniloxy)-16,28-

dihydroxyolean-12-en-3-yl-3-O-α-D-glucopyranosyl-β-D-glucopyranosiduronate. 
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Figure 176. 1H and 13C NMR spectra of compound 11 (400/100 MHz, pyridine-d5) 

 

Figure 177. HSQC spectrum of compound 11  
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Figure 178. 1H–1H COSY spectrum of compound 11 

 

 

Figure 179. NOESY spectrum of compound 11 
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3.12. Compound 12 

Compound 12 was obtained as a white, amorphous powder with an [�]�
�� 

+12.7 (c 0.1, MeOH). The molecular formula C44H65NO11 was determined from the 

HRESIMS ion peak at m/z 784.4612 [M + H]+, (calcd for C44H65NO11, 784.4636), 

indicating 12 degrees of unsaturation. The IR bands at 3365, 1608, and 1514 cm−1 

were indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C 

NMR data of 12 were similar to those of the oleanane skeleton of 1 with N-methyl 

anthranilate moiety. The differences between 12 and 1 were observed in the sugar 

moieties that were indicated by their NMR spectroscopy. Instead of two sugar units 

in 1, the structure of 12 was an absence of a glucose unit. Therefore, 12 was identified 

as (3β,16β,22α)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-yl-β-D-

glucopyranosiduronic acid. 
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Figure 180. 1H and 13C NMR spectra of compound 12 (400/100 MHz, pyridine-d5) 

 

Figure 181. HSQC spectrum of compound 12  
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Figure 182. HMBC spectrum of compound 12 
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Figure 183. 1H–1H COSY spectrum of compound 12 
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3.13. Compound 13 

Compound 13 was obtained as a white, amorphous powder with an [�]�
�� 

+10.6 (c 0.1, MeOH). The molecular formula C51H77NO16 was determined from the 

HRESIMS ion peak at m/z 960.4907, (calcd for C51H76NO16, 960.4957), indicating 

12 degrees of unsaturation. The IR bands at 3379, 1608, and 1520 cm−1 were 

indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C NMR 

data of 13 were similar to those of the oleanane skeleton of 8 with N-methyl 

anthranilate moiety. The differences between 13 and 8 were observed in the sugar 

moiety. The structure of 13 showed the presence of a glucose unit with an anomeric 

signal at δH 4.59 (J = 7.8 Hz)/ δC 150.1 ppm instead of the glucuronic acid unit as in 

8. The large coupling constant of the anomeric proton indicated that the sugar was 

in β-orientation, and the absolute configuration of sugar was identified to be β-D-

glucose by comparing to authentic compounds after acid hydrolysis and sugar 

derivatizing. Therefore, 13 was identified as (3β,16β,22α)-22-(N-

methylanthraniloxy)-16,23,28-trihydroxyolean-12-en-3-yl-β-D-glucopyranoside. 
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Figure 184. 1H and 13C NMR spectra of compound 13 (400/100 MHz, methanol-

d4) 
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Figure 185. HMBC spectrum of compound 13 
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Figure 186. 1H–1H COSY spectrum of compound 13 

 

 

Figure 187. NOESY spectrum of compound 13 
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3.14. Compound 14 

Compound 14 was obtained as a white, amorphous powder with an [�]�
�� +6.0 

(c 0.1, MeOH). The molecular formula C50H75NO17 was determined from the 

HRESIMS ion peak at m/z 962.5108 [M + H]+, (calcd for C50H76NO17, 962.5113), 

indicating 13 degrees of unsaturation. The IR bands at 3376, 1678, and 1510 cm−1 

were indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C 

NMR data of 14 were similar to those of oleanane skeleton and sugar moieties in 1 

except for the position of the N-methyl anthranilate unit and an additional hydroxy 

group. The presence of the hydroxyl at C-22 was indicated by the additional 

oxygenated signal at C-22 δH 5.18 (J = 10.8)/ δC 71.7 ppm. And the positions of the 

21-N-methyl anthranilate unit and 22-OH were revealed by the HMBC correlations 

from two methyl groups at δH 3.74 (H3-29) and δH 3.74 (H3-30) to C-21 (δC 80.1); 

and from H-22 to C-16 (δC 68.5) and C-28 (δC 58.6). The COSY correlation between 

H-21 and H-22 was also supported for the identification of H-21/H-22. The large 
2JHH (10.8 Hz) between H-21, and H-22 suggested that they were oriented in different 

faces. Thus, 14 was identified as methyl (3β,16β,21β,22α)-21-(N-

methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-yl-3-O-β-D-glucopyranosyl-β-

D-glucopyranosiduronate. 
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Figure 188. 1H and 13C NMR spectra of compound 14 (400/100 MHz, pyridine-d5) 

 

Figure 189. HSQC spectrum of compound 14 
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Figure 190. HMBC spectrum of compound 14 
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Figure 191. 1H–1H COSY spectrum of compound 14 
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Figure 192. NOESY spectrum of compound 14
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3.15. Compound 15 

Compound 15 was identified as (3β,16β)-16,28-dihydroxyolean-12-en-3-yl-β-

D-glucopyranosiduronic acid based on the reported compounds in literatures (H.-T.-

T. Pham et al., 2019; Ye et al., 2000). 
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Figure 193. 1H and 13C NMR spectra of compound 15 (400/100 MHz, pyridine-d5) 
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3.16. Compound 16 

Compound 16 was identified as (3β,16β)-16,28-dihydroxyolean-12-en-3-yl-3-

O-β-D-glucopyranosyl-β-D-glucopyranosiduronic acid based on the reported 

compounds in literature (H. T. T. Pham, Hoang, et al., 2018). 
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Figure 194. 1H and 13C NMR spectra of compound 16 (400/100 MHz, pyridine-d5) 
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3.17. Compound 17 

Compound 17 was obtained as a white, amorphous powder with an [�]�
�� 

+30.0 (c 0.1, MeOH). The molecular formula C51H71NO16 was determined from the 

HRESIMS ion peak at m/z 960.5349 [M + H]+, (calcd for C51H71NO16, 960.5321), 

indicating 13 degrees of unsaturation. The IR bands at 3379, 1608, and 1525 cm−1 

were indicative of NH stretch, olefinic, and NH bend absorbances. The 1H and 13C 

NMR data of 17 share a similarity to those of 11 except for the presence of a coupling 

constant of the anomeric proton in the glucose unit. Compound 17 showed a large J 

couping at H-1''' (δH 5.29, J = 7.8 Hz) indicating that glucose was attached in β-

orientation. Therefore, 17 was identified as methyl (3β,16β,22α)-22-(N-

methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-yl-3-O-β-D-glucopyranosyl-β-

D-glucopyranosiduronate. 
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Figure 195. 1H and 13C NMR spectra of compound 17 (400/100 MHz, pyridine-d5) 

 

Figure 196. HSQC spectrum of compound 17 
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Figure 197. HMBC spectrum of compound 17 
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Figure 198. 1H–1H COSY spectrum of compound 17 

 

 

Figure 199. ROESY spectrum of compound 17 
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3.18. Compound 18 

Compound 18 was obtained as the aglycon of 1 by the acid hydrolysis reaction. The 

structure of 18 was confirm based on its 1H NMR data indicated the same pattern as 

1 except the absence of two sugar moiety as in 1. Hence, compound 18 was identified 

as (3β,16β,22α)-22-(N-methylanthraniloxy)-3,16,28-trihydroxyolean-12-ene.  
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Figure 200. 1H and 13C NMR spectra of compound 18 (400/100 MHz, pyridine-d5) 
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4. Biological activities of compounds 1–18 

4.1. Biological activities of compounds 1–9 

To examine the glucose uptake of isolates 1−9, the uptake of 2-deoxy-2-[(7-

nitro-2,1,3-benzoxadiazol-4-yl)amino]-D-glucose (2-NBDG) in 3T3-L1 adipocytes 

was measured. 2-NBDG, a fluorescent glucose analogue, is used for determining the 

effects on glucose uptake to find insulin mimetic agents. The isolated compounds at 

a concentration of 20 μM were added to the differentiated 3T3-L1 adipocytes with 

2-NBDG (Figure 201A). Dimethyl sulfoxide (DMSO) and insulin were used as 

negative and positive controls, respectively. An MTT assay was carried out at 20 μM 

in advance (Figure 201A). Among all isolates, compounds 3, 5, 8, and 9 showed 

significant 2-NBDG uptake effects at 20 μM, and these four potential compounds 

were selected to analyze their glucose uptake effect as several different 

concentrations (5, 10, and 20 μM). Another MTT assay was performed with three 

different concentrations (5, 10, and 20 μM) to determine a safe dose of the 

compounds tested (Figure 201B). Four compounds (3, 5, 8, and 9) increased glucose 

uptake in a dose-dependent manner (Figure 202B). Fluorescent signals were 

measured using fluorescent microscopy for analyzing the transport efficacy of 2-

NBDG into cells. Fluorescent intensities of cells treated with compounds 3, 5, 8, and 

9 (20 μM) showed higher levels than a positive control Figure 202C. These results 

are in good agreement with previous studies showing that extracts of G. inodorum 

lowered the postprandial peak of plasma glucose level in healthy humans (Anchalee 

et al., 2010).
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A 

 

B 

 

Figure 201. The cell proliferation rate of 1–9 from G. inodorum in 3T3-L1 

adipocytes. (A) Compounds 1–9 were treated at a concentration of 20 μM in 3T3-L1 

adipocytes. (B) Compounds 3, 5, 8, and 9 were treated at different concentrations (5, 

10, and 20 μM) in 3T3-L1 adipocytes. 
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Figure 202. Glucose uptake activities of compounds 1−9 in 3T3-L1 adipocytes  

(A) Stimulation effects of compounds 1−9 on glucose uptake in 3T3-L1 adipocytes 

using a fluorescent analogue of glucose (2-NBDG). 3T3-L1 adipocytes were 

exposed to 100 nM insulin and the test compounds for 1 h in the presence of 2-

NBDG. Glucose uptake was measured at ex/em = 450/535 nm using a fluorescence 

microplate reader. The results were calculated as the means ± SD (n = 3). Green 

fluorescent signals were measured and expressed as the means ± SDs (n = 3); *p < 

0.05, ** p < 0.01, and *** p < 0.001. (B) 3T3-L1 adipocytes were exposed to 

compounds 3, 5, 8, and 9 at various concentrations (5, 10, and 20 μM) for 1 h. (C) 

The cells were examined using a fluorescence microscope (treated with 20 μM). The 

green fluorescent signals significantly increased, which indicated the successful 

transport of 2-NBDG into these cells. 
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4.2. Biological activities of compounds 1, 8–18 

The cell proliferation ratio of compounds 1, 8–18 was performed in 

dexamethasone (Dexa) plus LPS model on myotube at a concentration of 2 μM. The 

result shown in Figure 203 indicated that the cell proliferation ratios of all tested 

compounds increase compared to the negative control. Furthermore, compounds 1, 

8, and 12 were relatively high compared to the positive control (Figure 203). This 

finding suggested further biological activity studies. 

 

Figure 203. Cell proliferation ratio of compounds 1, 8–18 in myoblast C2C12 cell 

line 

In muscle atrophy two of E3 ubiquitin ligases which are MuRF-1 (muscle ring 

finger 1) and MAFbx (muscle atrophy F-box) have been reported to be increased 

(Bodine et al., 2001). Therefore, to screening effects of isolated compounds on 

muscle atrophy, the MuRF-1 level has been tested by PRR method in dexamethasone 

(Dexa) model on myotube. The results shown in Figure 204 indicated that compound 

12 displayed the best activities with the lowest level of MuRF-1 detected. 

Compounds 8, 9, 15, 16, and 18 also exhibited the strongly decrease of MuRF-1.    



234 

 

 

Figure 204. MuRF-1 expression levels of compounds 1, 8–18 in myoblast C2C12 

cell line 

 

4.3. Structure-activity relationships (SARs) discussion and further studies 

G. inodorum and other species in the genus of Gymnema have been widely used 

in diabetes treatment. The phytochemical and biological studies suggested that 

triterpenoids from this genus may contribute to the antidiabetes effect. Herein, the 

insulin-mimetic activities of compounds 1–9 that showed oleanane skeleton with 

some different substituents were tested for their activities. Based on the structures of 

1–9 and the better activity of 3, 5, 8, and 9 compared to the others in glucose uptake 

effects, a gross SAR for this triterpenoid type can be delineated as follows:  

(1) compounds 1 and 9 have the same oleanane skeleton with an N-methyl 

anthranilate substituent at C-22 and 2 sugars at C-3. The only difference in both 

compounds was observed at C-23 (23-Me in 1 and 23-CH2OH in 9). As shown in 

Figure 201, 9 exhibited good activities compare to insulin as the positive control, but 

it was not observed the same in 1. Therefore, the 23- CH2OH may be important for 

activities of the oleanane skeleton in the insulin-mimetic effect; (2) Compare to 9, 

compound 8 which also contains a methylene hydroxyl at C-23 in its structure has 

one sugar less at C-3 but this compound also showed as good activities like 9. This 

evidence suggested that the number of sugar chains may not affect the activity; (3) 

Compound 3 contains one different substituent at C-22 compared to 8, however, both 

compounds showed activities in the biological assay indicating that the 22-

substituent may not affect the activities of this type of compound; (4) Compound 2 
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shared a similar structure to 8 but has an additional methylene hydroxyl at C-29 and 

showed no activity. This finding may suggest the position of hydroxy methylene and 

the number of that substituents may contribute to the activity. For further 

confirmation of this hypothesis, the other structure with only 29-CH2OH should be 

evaluated together; (5) compound 5 showed a methyl-substituted at C-17 without 

any other hydroxy functional groups but the activity was also seen. This result 

suggested that the 17-Me may play an important role in the activity of the oleanane 

skeleton. 

A manner was applied to revise the SAR in muscle atrophy activities of 

compounds 1, 8–18. (1) the N-Mant at C-22 may contribute to the activity that reduce 

of MuRF-1 level when compared compounds 12 and 15, but the position of N-Mant 

on C-21 or C-22 of oleanane skeleton may not affect to activity (compound 14 versus 

1); (2) the oleanane skeleton that contain one sugar showed better activity compared 

to aglycon and two-sugar glycoside (activity 12 > 18 > 1); (3) the 24-CH2OH 

substituent may reduce the activity that were seen in 8 compared to 12, however, 24-

CH2OH (13) showed better effect than 29-CH2OH (10) ; (4) the Glucuronic acid or 

glucose moieties at C-3 may not affect to the activity indicated by compound 8 (3-

GlcA) similar to 13 (3-Glc).      

Interestingly, the plant can produce a variety of derivatives by itself that could 

be well visualized with the aid of modern techniques such as UPLC-qTOF-MS/MS 

and molecular networking or other similar tools. This inspires us to quickly access 

their phytochemicals and continue to research SAR studies and also find out more 

mechanisms of activities.    
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5. Experimental Section 

5.1. Materials 

5.1.1. Plant material 

The leaves of G. inodorum were collected in September 2018 in Hoai Duc 

district, Hanoi City, Vietnam (20°59′30.6″ N 105°43′49.8″ E). The sample was 

identified botanically by Dr. Ha Thanh Tung Pham, Department of Botany, Hanoi 

University. A voucher specimen (SNU2018-11) was deposited in the herbarium of 

the College of Pharmacy at Seoul National University. 

 

5.1.2. Chemicals and reagents  

Column chromatography (CC) was performed by using Diaion HP-20 resin 

(250−850 μm particle size, Merck, Germany), and medium-pressure liquid 

chromatography (MPLC) was carried out with a Biotage Isolera One MPLC system 

equipped with an RP-C18 column (120 g, Grace), Sephadex LH-20 (Sigma-Aldrich, 

Inc., St. Louis, MO, USA), and RP-C18 (40−63 μm particle size, Merck, Germany). 

TLC silica gel 60 RP-C18 F254 plates (Merck, Darmstadt, Germany) were used for 

thin-layer chromatography. Industrial grades of MeOH, EtOH, and EtOAc were used 

for extraction, partition, and fractionation steps. Analytical grades of MeOH, MeCN, 

formic acid (FA), and trifluoroacetic acid (TFA) were used for isolation. All solvents 

were purchased from DaeJung Pure Chemical Engineering Co Ltd. (Siheung, 

Republic of Korea). Deuterated NMR solvents and dimethyl sulfoxide (DMSO) 

were purchased from BK Instuments Inc. (Daejeon, Republic of Korea).   

 

5.1.3. Equipment and software 

Optical rotations were recorded on a JASCO P-2000 polarimeter (JASCO 

International Co. Ltd., Tokyo, Japan) with a 10 mm path length cell at a specified 

temperature. UV and ECD spectra were obtained from a ChirascanPlus CD 

spectrometer (Applied Photophysics, Leatherhead, UK). IR spectra were measured 

on a JASCO FT/IR-4200 spectrometer (Thermo Electron Corp., Waltham, MA, 

USA). NMR data were measured by using AVANCE-500 MHz (Bruker, Rheinstetten, 

Germany) and JNM-ECA-600 MHz (JEOL, Tokyo, Japan) spectrometers coupled 

with a 5 mm cryoprobe (Bruker, Germany). NMR spectra were processed on 

MestReNova software (Mastrelab Research, USA). HRESIMS/MS data were 
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collected by an UHPLC-ESI-qTOF-MS system with a Waters Xevo G2 QTOF mass 

spectrometer (Waters MS Technologies, UK), a Water BEH C18 (100×2.1 mm, 1.7 

µm, Water, USA), and analyzed by MassLynx SCN 855 software. The preparative 

HPLC system used for isolation included a Gilson 321 pump and Gilson UV/VIS 

151 detector (Gilson Inc., USA), Optima Pak C18 column (10 × 250 mm, 5 μm 

particle size, RS Tech, Seoul, Korea), and a YMC-Triart Phenyl column (250 × 10.0 

mm i.d., 5 μm particle size, YMC Co., Ltd.). The conformational search was 

performed using CONFLEX 7 Rev. (CONFLEX Corporation, Japan); ECD 

calculations were done by TURBOMOLE 3.4 (COSMOlogic GmbH & Co. KG, 

Germany). Samples preparation for HRESI MS/MS analyses and separation used 

sonicator Power Sonic 420 (Hwashin Tech Co., Ltd., Republic of Korea), evaporator 

EYELA KSB-202 (Eyela Singapore Pte. Ltd., Singapore), centrifuge MICRO17TR 

(Hanil Scientific Inc., Korea). Biological experiments used autoclave LAC-5080S 

(DAIHAN LABOTECH Co. Ltd., Korea), clean bench Class II Biological Safety 

Cabinet (Esco Technologies, Inc., USA), microplate reader VersaMax (Molecular 

Devices, USA)   

 

5.2. Extraction and isolation 

The leaves of G. inodorum (5.0 kg) were extracted with 70% EtOH (15 L) three 

times (1 day each) at room temperature. The crude extract (320 g) was partitioned 

with n-hexane (3 × 10 L), EtOAc (3 × 10 L), n-BuOH (3 × 10 L), and H2O. The n-

BuOH-soluble partition (100 g) was loaded onto a Daion HP-20 column to obtain 

seven fractions. Fraction H90-1 (50 g) was chromatographed via an MPLC equipped 

with an RP-C18 column (Revelevis ® Buchi, C-18 40μm, 4 x 20 cm i.d.) eluting with 

MeOH/H2O (10–100%, 120 min) as solvents to give nine subfractions. Fraction M7 

(5.4 g) was loaded to a Sephadex LH-20 using 100% MeOH for eluting to obtain 

eight subfractions. Fraction L6 (100 mg) was purified by semipreparative HPLC to 

isolate compounds 9 (9.0 mg) and 10 (11.0 mg). Fraction L7 (85.0 mg) was further 

purified by semipreparative HPLC (44% aqueous MeCN, flow rate 3 mL/min) to 

afford compounds 2 (4.0 mg) and 3 (5.0 mg). Fraction M8 (10.0 g) was also applied 

to a Sephadex LH-20 with 100% MeOH to yield 7 fractions. Fraction L4 (120.0 mg) 

was further isolated by a semipreparative HPLC to give compounds 4 (3.5 mg) and 

6 (4.0 mg). Fraction L5 (2.5 g) was loaded on MPLC equipped with an RP-C18 
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column (cm) with 40–100% MeOH to obtain thirteen subfractions. Further 

purification of fraction M2 (250.0 mg) using semipreparative HPLC (33% aqueous 

MeCN, flow rate 3 mL/min) yielded compounds 7 (20.0 mg). Fraction M3 (200.0 

mg) was subjected to semipreparative HPLC to isolate compounds 16 (62.7 mg). 

Similarly, the separation by semipreparative HPLC of fraction M4 (80.0 mg) yielded 

compounds 14 (5.0 mg) and 15 (20.2 mg); fraction M6 (70.2 mg) gave compound 

13 (5.0 mg); fraction M7 (60.0 mg) produced compounds 5 (4.0 mg), and 8 (4.5 mg); 

and fraction M10 (98.0 mg) yielded compound 17 (9.5 mg). Fraction M9 (2.5 g) was 

the major of compound 1 that was purified via HPLC using 40% MeCN/H2O. Further 

mild acid hydrolysis of 1 gave the aglycon (compound 18, 12.0 mg). Fraction H90-

2 (2.0 g) was consequently loaded to an MPLC (30 – 100 % MeOH/H2O with a 

column of Watcher ® Flash Cartridge C18 40-63μm, 3 x 14 cm i.d.)), and a Sephadex 

LH-20 using 100 % MeOH to give subfraction L6 (230.0 mg) that was subsequently 

separated to give compounds 11 (19.0 mg) and 12 (15.0 mg).    
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Scheme 4. Isolation scheme of compounds 1–19 from G. inodorum
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5.3. Physical and chemical characteristics of isolated compounds 

5.3.1. Compound 1 

(3β,16β,22α)-22-(N-Methylanthraniloxy)-16,28-dihydroxyolean12-en-3-yl-3-O-β-

D-glucopyranosyl-β-D-glucopyranosiduronic acid (1)  

White amorphous powder 

Molecular formula: C50H75NO16 

HRESIMS/MS m/z 944.5023 [M – H]– , (calcd for C50H74NO16, 944.5007) 
1H and 13C NMR data, see Tables 20, 21 

[�]�
�� – 6.2 (c 0.5, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.70), 257 (1.24), 357 (1.10) 

IR (KBr) νmax 3395, 2925, 1725, 1625 cm–1  

 

5.3.2. Compound 2 

(3β,16β,22α)-22-(N-Methylanthraniloxy)-16,23,28,29-tetrahydroxyolean-12-en-3-

yl-O-β-D-glucopyranosiduronic acid (2) 

White amorphous powder 

Molecular formula: C44H65NO13 

HRESIMS/MS m/z 814.4402 [M – H]¯, (calcd for C44H64NO13, 814.4377) 
1H and 13C NMR data, see Tables 20, 21 

[�]�
�� – 33 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.69), 257 (1.25), 357 (1.10)  

IR (KBr) νmax 3399, 2926, 1720, 1455, 1083 cm–1 

 

5.3.3. Compound 3 

(3β,16β,22α)-22-Benzoyloxy-16,23,28-trihydroxyolean-12-en-3-yl-O-β-D-

glucopyranosiduronic acid (3) 

White amorphous powder 

Molecular formula: C43H62O12 

HRESIMS/MS m/z 769.4150 [M – H]–, (calcd for C43H61O12, 769.4163) 
1H and 13C NMR data, see Tables 20, 21 

[α]�
�� + 8.2 (c 0.6, MeOH) 

UV (MeOH) λmax (log ε) 216 (3.17)  

IR (KBr) νmax 3403, 2920, 1720, 1620 cm–1 
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5.3.4. Compound 4 

(3β,16β)-16,23,28-Trihydroxyolean-12-en-3-yl-2-O-β-D-glucopyranosyl-β-D-

glucopyranosiduronic acid (4) 

White amorphous powder 

Molecular formula: C42H68O15 

HRESIMS/MS m/z 811.4472 [M – H]–, (calcd for C42H67O15, 811.4480) 
1H and 13C NMR data, see Tables 20, 21 

[�]�
�� + 51.6 (c 0.6, MeOH) 

UV (MeOH) λmax (log ε) 217 (3.20)  

IR (KBr) νmax 3389, 2913, 1731, 1615, 1435, 1085 cm–1 

 

5.3.5. Compound 5 

(3β,16β)-16-Hydroxyolean-12-en-3-yl-2-O-β-D-glucopyranosylβ-D-

glucopyranosiduronic acid (5) 

White amorphous powder 

Molecular formula: C42H68O13 

HRESIMS/MS m/z 779.4568 [M – H]–, (calcd for C42H67O13, 779.4581) 
1H and 13C NMR data, see Tables 20, 21 

[�]�
�� + 51.6 (c 0.6, MeOH) 

UV (MeOH) λmax (log ε) 217 (2.72)  

IR (KBr) νmax 3410, 2910, 1620 cm–1 

 

5.3.6. Compound 6 

(3β,16β)-16,28,29-Trihydroxyolean-12-en-3-yl-2-O-β-D-glucopyranosyl-β-D-

glucopyranosiduronic acid (6) 

White amorphous powder 

Molecular formula: C42H68O15 

HRESIMS/MS m/z 811.4470 [M – H]–, (calcd for C42H67O15, 811.4480) 
1H and 13C NMR data, see Tables 20, 21 

[�]�
�� –34.6 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 217 (2.78)  

IR (KBr) νmax 3413, 2909, 1615 cm–1 
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5.3.7. Compound 7 

(3β,16β)-16,29-Dihydroxyolean-12-en-3-yl-2-O-β-D-glucopyranosyl-β-D-

glucopyranosiduronic acid (7) 

White amorphous powder 

Molecular formula: C42H68O14 

HRESIMS/MS m/z 795.4520 [M – H]–, (calcd for C42H67O14, 795.4531) 
1H and 13C NMR data, see Tables 20, 21 

[�]�
�� +19.8 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 217 (2.68)  

IR (KBr) νmax 3403, 2911, 1630 cm–1 

 

5.3.8. Compound 8 

(3β,16β,22α)-22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-en-3-yl-β-

D-glucopyranosiduronic acid 

White amorphous powder 

Molecular formula: C44H65NO12 

HRESIMS/MS m/z 798.4431 [M–H]–, (calcd for C36H56O8, 798.4429) 

[�]�
�� –4.1 (c 0.1, MeOH) (Shimizu et al., 2001) 

 

5.3.9. Compound 9 

(3β,16β,22α)-22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-en-3-yl-3-

O-β-D-glucopyranosyl-β-D-glucopyranosiduronic acid 

White amorphous powder 

Molecular formula: C50H75NO17 

HRESIMS/MS m/z 960.4970 [M–H]–, (calcd for C50H75NO17, 960.4975) 

[�]�
�� –7.5 (c 0.1, MeOH) (Shimizu et al., 2001) 

 

5.3.10. Compound 10 

(3β,16β,22α)-22-(N-methylanthraniloxy)-16,28,29-trihydroxyolean-12-en-3-yl-O-

β-D-glucopyranosiduronic acid 

White amorphous powder 

Molecular formula: C44H67NO11 
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HRESIMS/MS m/z 960.4989 [M – H]¯, (calcd for C44H66NO11, 960.4957) 
1H and 13C NMR data, see Tables 22, 23 

[�]�
�� + 21.2 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.71), 257 (1.25), 357 (1.11) 

IR (KBr) νmax 3383, 2927, 2371, 1607, 1514, 1427, 1372, 1244, 1160, 1081, 

1043, 1026, 954, 752 cm–1 

 

5.3.11. Compound 11 

Methyl (3β,16β,22α)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-

yl-3-O-α-D-glucopyranosyl-β-D-glucopyranosiduronate 

White amorphous powder 

Molecular formula: C51H77NO16 

HRESIMS/MS m/z 960.5447 [M + H]+, (calcd for C51H76NO16, 960.5433) 
1H and 13C NMR data, see Tables 22, 23 

[�]�
�� + 27.2 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.70), 257 (1.24), 357 (1.11) 

IR (KBr) νmax 3376, 2945, 2906, 2376, 2356, 2307, 1743, 1678, 1510, 1426, 

1337, 1243, 1163, 107, 1040, 1025, 956, 753 cm–1 

 

5.3.12. Compound 12 

(3β,16β,22α)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-yl-β-D-

glucopyranosiduronic acid 

White amorphous powder 

Molecular formula: C44H65NO11 

HRESIMS/MS m/z 784.4612 [M + H]+, (calcd for C44H65NO11, 784.4636) 
1H and 13C NMR data, see Tables 22, 23 

[�]�
�� + 12.7 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.72), 257 (1.24), 357 (1.10)  

IR (KBr) νmax 3365, 2941, 2873, 2356, 2312, 1751, 1672, 1608, 1514, 1427, 

1362, 1240, 1160, 1077, 1027, 954, 752 cm–1 

 

5.3.13. Compound 13 

(3β,16β,22α)-22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-en-3-yl-β-
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D-glucopyranoside 

White amorphous powder 

Molecular formula: C51H77NO16 

HRESIMS/MS m/z 960.4907, (calcd for C51H76NO16, 960.4957) 
1H and 13C NMR data, see Tables 22, 23 

[�]�
�� + 10.6 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.71), 257 (1.23), 357 (1.11)  

IR (KBr) νmax 3379, 2951, 2381, 2356, 2317, 1682, 1608, 1520, 1427, 1240, 

1081, 1023, 954, 752 cm–1 

 

5.3.14. Compound 14 

Methyl (3β,16β,21β,22α)-21-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-

3-yl-3-O-β-D-glucopyranosyl-β-D-glucopyranosiduronate 

White amorphous powder 

Molecular formula: C50H75NO17 

HRESIMS/MS m/z 962.5108 [M + H]+, (calcd for C50H76NO17, 962.5113) 
1H and 13C NMR data, see Tables 22, 23 

[�]�
�� + 6.0 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.71), 256 (1.23), 357 (1.10)  

IR (KBr) νmax 3379, 2946, 2381, 2351, 2312, 1751, 1682, 1608, 1520, 1427, 

1240, 1081, 1023, 954 cm–1 

 

5.3.15. Compound 15 

(3β,16β)-16,28-dihydroxyolean-12-en-3-yl-β-D-glucopyranosiduronic acid 

White amorphous powder 

Molecular formula: C36H58O9 

HRESIMS/MS m/z 617.4056 [M – H2O+ H]+, (calcd for C36H56O8, 617.4053) 

 

5.3.16. Compound 16 

(3β,16β)-16,28-dihydroxyolean-12-en-3-yl-3-O-β-D-glucopyranosyl-β-D-

glucopyranosiduronic acid 

White amorphous powder 

Molecular formula: C42H68O14 
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HRESIMS/MS m/z 795.4514 [M – H]–, (calcd for C42H67O14, 795.4531) 

 

5.3.17. Compound 17 

Methyl (3β,16β,22α)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-

yl-3-O-β-D-glucopyranosyl-β-D-glucopyranosiduronate 

White amorphous powder 

Molecular formula: C51H71NO16 

HRESIMS/MS m/z 960.5349 [M + H]+, (calcd for C51H71NO16, 960.5321) 
1H and 13C NMR data, see Tables 22, 23 

[�]�
�� + 30.0 (c 0.1, MeOH) 

UV (MeOH) λmax (log ε) 223 (1.70), 257 (1.24), 356 (1.11)  

IR (KBr) νmax 3379, 2922, 2853, 2366, 2312, 1746, 1682, 1608, 1525, 1460, 

1377, 1244, 1165, 1077, 1032, 747 cm–1 
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Table 20. 1H NMR data of compounds 1–7 from G. inodorum in methanol-d4 (mult., J in Hz) 

Pos. 1a 2c 3c 4a 5c 6b 7a 
1 1.90, m; 1.88, m 1.66, m; 0.97, m 1.64, m; 0.98, m 1.47, m; 0.94, m 1.65, m; 1.00, m 1.81, m; 1.38, m 1.43, m; 0.85, m 
2 1.70, m; 1.84, m 1.89, m; 1.78, m 1.92, m; 1.76, m 2.82, m; 1.78, m 1.90, m; 1.71, m 2.41, m; 1.90, m  2.36, m; 1.92, m 
3 3.19, dd (11.6, 4.4) 3.64, m 3.66, dd (11.7, 4.5) 4.26, m 3.18, m 3.33, dd (11.7, 4.3) 3.31, br d (9.2) 
4        
5 0.84, m 1.29, m 1.29, m 1.60, m 1.55, m 1.55, m 0.71, m 
6 1.46, m; 1.60, m 1.54, m; 1.45, m 1.54, m; 1.43, m 1.76, m; 1.40, m 1.58, m; 1.44, m 1.58, m; 1.44, m 1.49, m; 1.32, m 
7 1.62, m; 1.38, m 1.74, m; 1.32, m 1.75, m; 1.34, m 1.67, m; 1.35, m 1.74, m; 1.32, m 1.74, m; 1.32, m 1.51, m; 1.34, m 
8        
9 1.59, m 1.64, m 1.65, m 1.69, m 1.55, m 1.55, m 1.57, m 
10        
11 1.92, m; 1.90, m 1.96, m; 1.94, m 1.97, m; 1.94, m 1.89, m; 1.88, m 1.91, m; 1.90, m 1.81, m; 1.80, m 1.86, m; 1.85, m 
12 5.36, br s 5.38, t-like s 5.37, br s 5.25, t-like s 5.24, t-like s 5.25, s  
13        
14        
15 1.79, d (13.0); 1.38, m 1.78, m; 1.38, dd (11.0, 4.0) 1.79, d (13.0); 1.38, m 2.24, m; 1.70, m 1.72, m; 1.24, m 2.27, m; 1.79, m 2.11, m; 1.63, m 
16 4.70, dd (11.6, 5.1) 4.69, dd (11.7, 5.2) 4.73, dd (11.7, 5.0) 4.64, dd (11.0, 4.5) 4.16, dd (11.5, 4.8) 4.78, dd (11.0, 4.0) 4.69, dd (11.0, 4.7) 
17        
18 2.59, dd (11.0, 3.0) 2.65, d (12.8) 2.56, d (11.0) 2.40, dd (8.0, 2.0) 2.14, dd (14.0, 4.4) 2.53, dd (13.9, 4.4) 2.46, dd (13.4, 4.1) 
19 1.19, m; 1.94, m 2.08, t (14.0); 1.07, m 1.95, m, 1.15, m 1.84, m; 1.15, m 1.73, m; 1.03, m 1.73, m; 1.03, m 2.29, m; 1.40, m 
20        
21 1.83, m; 0.9, m 1.92, m; 1.60, m 1.84, m; 1.68, m 1.63, m; 1.30, m 1.61, m; 1.41, m 1.61, m; 1.41, m 2.03, m; 1.39, m 
22 5.63, dd (12.2, 3.8) 5.63, dd (12.3, 3.9) 5.64, dd (11.9, 3.8) 2.39, m; 2.04, m 1.88, m; 1.14, m 1.88, m; 1.14, m 2.56, m; 1.46, m 
23 1.07, s 3.63, m; 3.30, m 3.63, d (11.7); 4.39, m; 3.78, d 1.09, s 1.28, s 1.28, s 
24 0.86, s 0.73, s 0.73, s 1.10, s 0.87, s 1.12, s 1.05, s 
25 0.99, s 1.02, s 1.02, s 0.94, s 0.99, s 0.85, s 0.88, s 
26 1.04, s 1.05, s 1.05, s 1.04, s 1.02, s 1.03, s 1.17, s 
27 1.31, s 1.35, s 1.33, s 1.38, s 1.23, s 1.39, s 1.40, s 

28 
3.79, m; 3.59, m 3.83, d (11.0); 3.61, m 

3.84, d (11.8); 3.58, d 
(11.7) 

4.44, m; 3.68, d 
(10.6) 0.79, s 

4.47, m; 3.72, d 
(11.0) 1.21, s 

29 0.98, s 3.23, m; 3.22, m 1.00, s 0.91, s 0.92, s 3.62, s 3.60, s 
30 1.11, s 1.09, s 1.11, s 1.00, s 0.89, s 1.23, s 1.21,s 
1'        
2'   8.04, dd (8.0, 1.0)     
3'   7.46, m     
4' 6.77, dd (8.1, 1.1) 6.68, d (8.4) 7.57, m     
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5' 
7.39, ddd (7.0, 6.5, 
1.4) 7.34, ddd (8.6, 7.1, 1.7) 7.46, m     

6' 
6.64, ddd (7.0, 6.4, 
1.3) 6.59 ddd (8.4, 7.0, 1.6)      

7' 7.92, dd (8.0, 1.3) 7.89, dd (8.0, 1.6) 8.04, dd (8.0, 1.0)     
8' 2.88, s 2.86, s      
1'' 4.44, d (7.8) 4.46, d (7.8) 4.46, d (7.8) 5.21, d (7.1) 4.46, d (7.8) 4.99, d (7.5) 5.01, d (7.5) 
2'' 3.28, m 3.24, m 3.24, m 3.64, m 3.64, m 4.34, m 4.36, m 
3'' 3.57, m 3.37, m 3.37, m 3.52, m 3.52, m 4.22, m 4.51, m 
4'' 3.62, m 3.48, m 3.48, m 3.20, m 3.20, m 4.10, m 4.29, m 
5'' 3.81, m 3.73, m 3.73, m 3.72, m 3.72, m 4.40, m 4.41, m 
6''        
1''' 4.58, d (7.8)   5.46, d (7.8) 4.69, d (7.8) 5.44, d (7.2) 5.43, d (7.4) 
2''' 3.44, m   3.52, m 3.52, t (8.6) 4.15, t (8.2) 4.49, m 
3''' 3.37, t (7.9)   3.34, m 3.34, m 4.20, m 4.17, m 
4''' 3.26, m   3.21, m 3.21, m 4.01, m 4.40, m 
5''' 3.31, m   3.25, m 3.25, m 4.05, m 3.96, m 

6''' 
   4.54, m; 4.48, m 

3.84, dd (11.9, 2.2), 3.63, 
m 4.50, m; 4.49, m 4.51, m; 4.50, m 

a NMR 500 MHz. b NMR 600 MHz. c NMR 800 MHz 
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Table 21. 13C NMR data of compounds 1–7 from G. inodorum  

Pos. 1a 2c 3c 4a 5c 6b 7a 
1 39.8, CH2 39.6, CH2 39.6, CH2 39.1, CH2 39.9, CH2 39.8, CH2 39.1, CH2 
2 26.9, CH2 26.3, CH2 26.3, CH2 26.5, CH2 27.1, CH2 26.9, CH2 26.9, CH2 
3 91.0, CH 83.0, CH 82.8, CH 82.3, CH 91.6, CH 89.2, CH 89.3, CH 
4 40.2, C 43.9, C 43.9, C 43.9, C 40.4, C 40.3, C 39.9, C 
5 56.8, CH 47.9, CH 47.9, CH 48.3, CH 56.1, CH 56.2, CH 56.0, CH 
6 19.3, CH2 18.8, CH2 18.8, CH2 18.5, CH2 19.3, CH2 19.3, CH2 18.8, CH 
7 33.7, CH2 33.2, CH2 33.2, CH2 32.9, CH2 33.2, CH2 33.2, CH2 33.3, CH2 
8 41.2, C 41.2, C 41.2, C 40.5, C 41.2, C 41.2, C 40.6, C 
9 48.1, CH 48.2, CH 48.2, CH 47.5, CH 48.2, CH 48.2, CH 47.5, CH 
10 37.7, C 37.5, C 37.5, C 36.9, C 37.7, C 37.7, C 37.2, C 
11 24.7, CH2 24.7, CH2 24.7, CH2 24.2, CH2 24.7, CH2 24.2, CH2 24.2, CH2 
12 125.0, CH 124.9, CH 125.1, CH 122.9, CH 123.5, CH 122.9, CH 122.8, CH 
13 142.7, C 142.8, C 142.7, C 144.3, C 145.0, C 144.5, C 145.1, C 
14 43.8, C 43.9, C 44.0, C 44.1, C 44.8, C 44.8, C 44.2, C 
15 36.9, CH2 36.9, CH2 36.8, CH2 37.2, CH2 36.4, CH2 36.4, CH2 36.9, CH2 
16 66.7, CH 66.7, CH 67.2, CH 66.9, CH 66.3, CH 67.2, CH 64.9, CH 
17 46.5, C 46.7, C 46.5, C 41.4, C 38.5, C 38.5, C 38.8, C 
18 44.8, CH 44.2, CH 44.9, CH 44.8, CH 50.7, CH 44.2, CH 49.4, CH 
19 47.0, CH2 41.1, CH2 47.0, CH2 47.3, CH2 47.9, CH2 47.9, CH2 42.2, CH 
20 33.0, C 38.3, C 32.9, C 31.4, C 37.7, C 37.7, C 37.1, C 
21 39.7, CH2 34.5, CH2 39.7, CH2 34.6, CH2 35.3, CH2 35.3, CH2 29.8, CH2 
22 74.4, CH 73.9, CH 75.5, CH 26.4, CH2 31.6, CH 31.6, CH 31.1, CH 
23 28.4, CH3 64.6, CH2 64.6, CH2 64.6, CH2 28.4, CH3 28.5, CH3 28.5, CH3 
24 16.9, CH3 13.4, CH3 13.4, CH3 13.8, CH3 16.9, CH3 17.2, CH3 17.5, CH3 
25 16.1, CH3 16.6, CH3 16.6, CH3 16.6, CH3 16.1, CH3 16.0, CH3 16.0, CH3 
26 17.4, CH3 17.4, CH3 17.4, CH3 17.3, CH3 17.5, CH3 17.1, CH3 17.1, CH3 
27 27.9, CH3 28.0, CH3 27.8, CH3 27.5, CH3 27.6, CH3 27.5, CH3 27.8, CH3 
28 60.9, CH2 60.9, CH2 61.5, CH2 69.2, CH3 22.3, CH3 69.3, CH2 22.9, CH2 
29 33.5, CH3 73.7, CH2 33.4, CH3 33.7, CH3 24.4, CH3 74.3, CH2 74.4, CH2 
30 25.5, CH3 21.1, CH3 25.3, CH3 24.4, CH3 33.8, CH3 20.5, CH3 20.5, CH3 
1' 169.1, C 169.6, C 132.2, CH         
2' 113.3, C 112.1, C 130.6, CH         
3' 151.4, CH 151.4, CH 129.5, CH         
4' 113.1, CH 111.9, CH 134.0, CH         
5' 135.6, CH 135.6, CH 129.5, CH         
6' 117.0, CH 115.3, CH 130.6, CH         
7' 133.1, CH 133.0, CH 167.8, C         
8' 30.7, CH3 29.7, CH3           
1'' 106.6, CH 105.8, CH 105.7, CH 104.3, CH 105.8, CH 105.6, CH 105.7, CH 
2'' 75.5, CH 75.1, CH 75.2, CH 83.9, CH 80.8, CH 83.5, CH 83.4, CH 
3'' 86.7, CH 77.8, CH 77.8, CH 73.6, CH 77.9, CH 74.3, CH 76.9, CH 
4'' 71.8, CH 73.3, CH 73.3, CH 78.5, CH 76.3, CH 78.3, CH 78.3, CH 
5'' 76.3, CH 76.6, CH 76.6, CH 77.2, CH 76.9, CH 77.7, CH 78.2, CH 
6'' 172.3, C 173.8, C 173.8, C 174.0, C 173.8, C 174.6, C 174.5, C 
1''' 105.2, CH     106.5, CH 104.6, CH 106.6, CH 106.5, CH 
2''' 74.8, CH     77.3, CH 73.1, CH 73.1, CH 73.9, CH 
3''' 77.8, CH     78.3, CH 77.8, CH 77.7, CH 77.6, CH 
4''' 71.6, CH     71.7, CH 71.9, CH 71.9, CH 71.9, CH 
5''' 78.2, CH     78.8, CH 78.3, CH 78.7, CH 78.7, CH 
6''' 62.7, CH2     62.9, CH2 63.1, C 63.0, CH2 63.0, CH2 

a NMR 125 MHz. b NMR 150 MHz. c NMR 200 MHz 
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Table 22. 1H NMR data of compounds 10–14, 17 from G. inodorum (mult., J in Hz) 

Pos. 10 a 11 a 12 a 13 b 14 a 17 a 

1 
1.37, d (5.0) 
0.86, m 

1.45, m 
0.87, m 

1.39, m 
0.88, m 

1.31, m 1.41, s 
1.31, m 
0.76, m 

2 
1.58, d (10.5) 
1.37, d (5.0) 

2.10, m 
1.84, m 

2.18, m 
1.88, d (2.3) 

1.78, m 
1.52, m 

2.21, m 
1.80, m 

2.01, m 
1.74, m 

3 3.32, s 3.35, dd (11.4, 3.9) 3.37, dd (11.6, 4.2) 3.63, m 3.38, br s 3.26, dd (11.4, 4.6) 
5 0.76, s 0.77, d (7.3) 0.79, d (7.3) 0.87, d (4.6) 0.78, br s 0.70, d (11.9) 

6 
1.46, s 
1.29, s 

1.50, m 
1.32, m 

1.51, d (13.0) 
1.33 (br s) 

1.45, m 
1.30, m 

1.50, m 
1.31, m 

1.42, m 
1.24, m 

7 
2.23, d (12.4) 
1.76, d (8.7) 

1.60, d (9.8) 
1.36, s 

1.34, m 
1.59, d (2.8) 

1.80, m 
1.58, m 

1.55, m 
1.39, m 

1.52, m 
1.26, m 

9 1.58, d (10.5) 1.60, d (9.8) 1.60, m 1.63, m 1.59, m 1.51, m 

11 1.76, d (8.7) 1.84, m 1.84, m 1.96, m 
1.85, m 
1.78, m 

1.73, m 

12 5.34, s 5.37, t (3.8) 5.36, d (4.0) 5.37, t (3.9) 5.28, br s 5.27, d (6.7) 

15 
2.23, d (12.4) 
1.76, d (8.7) 

2.19, d (12.8) 
1.74, dd (13.1, 4.5) 

2.18 , m 
1.74, dd (11.3, 4.8) 

1.79, d (12.0) 
1.39, d (5.1) 

2.08, m 
1.62, m 

2.07, d (12.4) 
1.64, dd (13.0, 5.2) 

16 5.21, d (11.9) 5.11, dd (11.2, 4.9) 5.11, dd (11.3, 5.0) 4.70, dd (11.7, 5.1) 5.23, d (10.7) 5.09, dd (11.5, 5.4) 
18 3.03, d (9.6) 3.04, dd (14.7, 3.9) 3.03, dd (13.9, 5.8) 2.61, dd (14.9, 3.9) 3.27, d (11.2) 2.87, dd (14.7, 4.5 Hz) 

19 
2.16, d (14.2) 
1.87, d (14.2) 

2.10, m 
1.26, m 

2.10 (1H, br s) 
1.23, m 

1.16, m 
1.96, m 

2.28, m 
1.41, s 

2.01, m 
1.88, m 

21 
2.31, d (11.9) 
2.06, d (11.0) 

1.99, m 2.00, d (10.7) 
1.82, m 
1.69, m 

6.00, d (10.8) 
1.97, m 
1.16, m 

22 6.46, d (8.8) 6.36, dd (10.5, 5.6) 6.36, dd (10.5, 5.4) 5.62, dd (12.2, 3.8) 5.18, d (10.7) 6.29, br s 

23 0.98, s 0.99, s 1.01, s 
4.52, d (7.8) 
3.46, d (6.4) 

1.00, s 0.89, s 

24 1.29, s 1.30, s 1.31, s 1.02, s 1.34, s 1.21, s 
25 0.79, s 0.82, s 0.81, s 0.72, s 0.82, s 0.75, s 
26 0.94, s 0.96, s 0.95, s 1.04, s 0.93, s 1.06, s 
27 1.50, s 1.45, s 1.47, s 1.33, s 1.41, s 1.36, s 

28 
4.48, d (10.5) 
4.03, d (10.5) 

4.50, d (10.4) 
4.08, d (10.4) 

4.07, s 
4.51, d (10.6) 

3.82, d (10.9) 
3.60, d (10.9) 

4.77, d (10.6) 
4.13, d (10.6) 

5.26, d (10.5) 
4.80, d (10.5) 

29 
4.13, d (10.1) 
4.03, d (10.5) 

1.30, s 1.28, s 0.98, s 1.34, s 1.09, s 

30 1.29, s 1.01, s 1.01, s 1.11, s 1.14, s 0.96, s 
4' 6.66, dd (8.2, 4.6) 6.67, d (8.0) 6.66, dd (8.0, 5.7) 6.68, d (8.5) 6.69, d (8.6) 6.59, d (8.6) 
5' 7.38, t (7.8) 7.39, d (7.2) 7.40, ddd (8.7, 7.0, 1.6) 7.35, ddd (8.6, 6.7, 1.6) 7.43, t (7.9) 7.35, dd (9.2, 6.6) 
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6' 6.66, dd (8.2, 4.6) 6.67, d (8.0) 6.66, dd (8.0, 5.7) 6.55, t (7.5) 6.66, t (7.6) 6.63, t (8.7) 
7' 8.46, d (8.2) 8.47, d (7.0) 8.47, dd (8.1, 1.5) 7.88, dd (8.0, 1.5) 8.22, d (6.8) 8.17, dd (8.1, 1.8) 
8' 2.77, d (4.6) 2.80, d (4.8) 2.80, s 2.86, s 2.72, s 2.87, dd (14.1, 4.5) 
1'' 5.47, d (7.6) 4.97, d (7.7) 5.03, d (7.7) 4.59, d (7.8)   4.88, d (7.8) 
2'' 4.03, d (10.5) 4.14, d (7.8) 4.18, d (8.4) 3.31, m 4.13, d (10.5) 4.78, q (5.3) 
3'' 4.20, br s 4.32, s 4.37, d (4.9) 3.63, m 4.24, m 4.22, d(8.9) 
4'' 4.13, d (10.1) 4.39, t (9.0) 4.56, m 3.89, d (10.1) 4.05, d (9.3) 4.31, d (9.1) 
5'' 4.03, d (10.5) 4.57, t (9.4) 4.69, d (9.6) 3.59, d (10.5) 4.63, m 4.46, d (10.5) 

6'' 
4.48, d (10.5) 
4.34, br s 

    
3.82, d (10.9) 
3.60, d (10.9) 

    

7''   3.74, s       3.65, s 
1'''   5.37, t (3.8)     5.37, br s 5.29, d (7.8) 
2'''   4.08, d (10.4)     4.06, br s 3.98, br s 
3'''   4.24, br s     4.25, br s 4.17, br s 
4'''   4.24, br s       4.15, d (9.2) 
5'''   4.02, br s     4.23, br s 3.96, br s 

6'''   
4.54, br s 
4.33, s 

  
  

4.55, br s 
4.33, br s 

4.45, br s 
4.24, s 

NH- 8.32, s 8.37, q (4.8)     8.12, s 7.90, dd (11.5, 5.4) 
a Recorded in pyridine – d5 at 400 MHz. b Recorded in methanol – d4 at 600 MHz. 
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Table 23. 13C NMR data of compounds 10–14, 17 from G. inodorum  

Pos. 10 a 11 a 12 a 13 b 14 a 17 a 
1 39.2, CH2 39.1, CH2 39.2, CH2 39.6, CH2 39.2, CH2 39.1, CH2 
2 33.5, CH2 27.0, CH2 27.0, CH2 25.6, CH2 27.0, CH2 27.0, CH2 
3 89.4, CH 89.7, CH 89.7, CH 82.7, CH 89.5, CH 89.7, CH 
4 46.3, C 46.7, C 46.7, C 43.9, C 40.0, C 39.9, C 
5 56.0, CH 56.0, CH 56.0, CH 56.9, CH 56.0, CH 56.0, CH 
6 18.9, CH2 18.8, CH2 19.7, CH2 18.8, CH2 18.8, CH2 18.8, CH2 
7 37.5, CH2 33.3, CH2 33.3, CH2 33.2, CH2 33.3, CH2 33.2, C 
8 40.7, C 40.7, C 40.7, C 41.2, C 40.7, C 40.8, C 
9 47.5, CH 47.5, CH 47.5, CH 47.0, CH 47.5, CH 47.5, CH 
10 37.8, C 37.6, C 37.6, C 37.5, C 37.2, C 37.1, C 
11 24.2, CH2 24.3, CH2 24.5, CH2 24.7, CH2 24.3, CH2 24.3, CH2 
12 123.5, CH 124.5, CH 124.5, CH 124.9, CH 123.1, CH 123.4, CH 
13 143.0, C=C 143.0, C=C 143.0, C=C 142.8, C=C 142.8, C 142.5, C=C 
14 43.7, C 43.5, C 43.5, C 43.9, C 43.0, C 43.0, C 
15 37.2, CH2 37.2, CH2 37.2, CH2 37.0, CH2 36.7, CH2 36.6, CH2 
16 66.5, CH 66.0, CH 66.0, CH 66.7, CH 68.5, CH 66.7, CH 
17 40.0, C 40.0, C 40.0, C 46.5, C  40.6, C 40.0, C 
18 44.2, CH 44.5, CH 44.5, CH 44.8, CH 42.5, CH 44.5, CH 
19 41.7, CH2 46.4, CH2 46.4, CH2 48.2, CH2 46.8, CH2 44.9, CH2 
20 37.8, C 32.8, C 32.8, C 33.0, C 37.2, C 32.6, C 
21 35.6, CH2 39.8, CH2 39.8, CH2 44.9, CH2 80.1, CH 46.5, CH2 
22 73.6, CH 74.1, CH 74.1, CH 74.2, CH 71.7, CH 74.6, CH 
23 17.5, CH3 17.4, CH3 17.4, CH3 64.7, CH2 17.4, CH3 17.3, CH3 
24 28.5, CH3 28.0, CH3 28.0, CH3 13.4, CH3 28.5, CH3 28.1, CH3 
25 16.1, CH3 16.1, CH3 16.1, CH3 16.6, CH3 16.1, CH3 16.0, CH3 
26 17.5, CH3 17.4, CH3 17.4, CH3 17.4, CH3 17.4, CH3 17.6, CH3 
27 27.8, CH3 28.5, CH3 28.5, CH3 28.4, CH3 27.9, CH3 28.5, CH3 
28 61.3, CH2 60.3, CH2 60.3, CH2 61.0, CH2 58.6, CH2 62.9, CH2 
29 67.7, CH2 26.0, CH3 26.0, CH3 33.5, CH3 20.1, CH3 25.3, CH3 
30 28.8, CH3 33.7, CH3 33.7, CH3 26.3, CH3 30.1, CH3 33.8, CH3 
1' 168.9, COO- 168.9, COO- 168.9, COO- 169.6, COO- 169.5, COO- 169.4, COO- 
2' 112.5, C 112.6, C 112.6, C 111.9, C 111.8, C 111.1, C 
3' 152.4, C-NH 152.3, C-NH 152.3, C-NH 153.0, C-NH 153.0, C-NH 153.0, C-NH 
4' 111.9, CH 111.8, CH 111.9, CH 112.1, CH 111.6, CH 111.9, CH 
5' 135.2, C 135.1, CH 135.1, CH 135.6, CH 135.2, CH 135.5, CH 
6' 115.2, CH 115.1, CH 115.1, CH 115.3, CH 115.1, CH 115.2, CH 
7' 133.1, CH 133.4, CH 133.4, CH 133.0, CH 132.4, CH 131.8, CH 
8' 30.0, CH3 30.1, CH3 30.1, CH3 29.7, CH3 29.9, CH3 29.8, CH3 
1'' 106.4, CH 107.2, CH 107.2, CH 105.1, CH 106.4, CH 107.2, CH 
2'' 76.1, CH 74.6, CH 74.7, CH 75.4, CH 74.8, CH 70.2, CH 
3'' 78.7, CH 87.8, CH 87.8, CH 77.8, CH 89.4, CH 87.8, CH 
4'' 74.8, CH 71.9, CH 71.9, CH 71.5, CH 78.6, CH 71.9, CH 
5'' 79.2, CH 77.1, CH 77.2, CH 78.3, CH 72.0,   77.0, CH 
6'' 62.9, CH 170.7, COO- 170.7, COO- 62.6, CH2 - COO- 170.7, COO- 
7''     52.6, -OCH3              52.6, OCH3 
1'''     106.4, CH         106.4, CH 106.4, CH 
2'''     76.1, CH         76.0, CH 76.1, CH 
3'''     78.7, CH         78.7, CH 78.7, CH 
4'''     72.1, CH         79.2, C 72.1, CH 
5'''     79.2, CH         72.0, CH 79.2, CH 
6'''     62.9, CH2         62.9, CH2 62.9, CH2 

a Recorded in pyridine – d5 at 100 MHz. b Recorded in methanol – d4 at 150 MHz. 
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5.4. LC-MS/MS-based molecular networking 

HRESI-MS/MS data were acquired from a Waters Acquity UPLC system

 (Waters Co.) equipped with a Waters Xevo G2 QTOF mass spectrometer (

Waters Co., Manchester, UK) and electrospray ionization (ESI) interface, ope

rating in positive-ion mode. A Waters Acquity UPLC BEH C18 (150 mm × 

2.1 mm, 1.7 μm) was used with a MeCN/H2O gradient system (10:90 to 90

:10) for 14 min. The flow rate was setat 300 μL/min, and the injection volu

me was 2.0 μL. The temperatures of the autosampler and column oven were

 maintained at 15 and 40 °C, respectively. Source parameters were set as fo

llows: a capillary voltage of 2.5 kV, cone voltage of 40 V, source temperatu

re of 120 °C, desolvation gas temperature of 350 °C, cone gas flow of 50 

L/h, and desolvation gas flow of 800 L/h. The acquisition rate was 0.2 s. D

ata were centroided during acquisition using an independent reference lock-m

ass ion via the LockSpray interface to ensure accuracy and precision. Peak 

picking, chromatogram deconvolution, and other data processing of MS/MS d

ata were performed by MZmine2 software v32 (Pluskal et al., 2010). Eventu

ally, the .mgf preclustered spectral data file and its corresponding .csv metad

ata file (for RT, areas, and formula integration) were exported using the ded

icated “Export for GNPS” and “Export to CSV file” built-in options. A mol

ecular network was created using the online workflow at GNPS (http://gnps.

ucsd.edu). The spectra in the network were then searched against GNPS spe

ctral libraries. All matches kept between network spectra and library spectra 

were required to have a score above 0.65 and at least 4 matched peaks. Th

e molecular networking data were analyzed and visualized using Cytoscape (

ver. 3.6.0) (Shannon, 2003). All of the results and parameters can be access

ed with the GNPS job id for molecular networking feature-based analysis at 

https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=924954612476435ca4a0c803a7d

acd9d  

 

5.5. Acid Hydrolysis  

Compounds 10–17 (2.0 mg) was hydrolyzed with 2 mL of 1 N HCl (H2O/ethylene 

oxide, 1:1) at 100 °C for 4 h. The solution was then dried and suspended in H2O and 

partitioned with EtOAc. The EtOAc layers were concentrated and the residual H2O 
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layer was dissolved in pyridine (1.0 mL), and 1.5 mg of L-cysteine methyl ester 

hydrochloride was added. The mixture was kept for 2 h at 60 °C, and then added 0.2 

mL of trimethylsilylimidazole. After incubation for 2 h more at 60 °C, the mixture 

was dried and partitioned between H2O (2.0 mL) and n-hexane (2.0 mL, x 3 times). 

The concentrated n-hexane layers were analyzed further by UPLC (YMC triart C18, 

4 x 250 mm i.d.) under condition as follows: 27% MeCN/H2O (0.1 % FA) in 60 min 

at flowrate of 0.6 mL/min. The sugar derivatives showed the retention times at 23.84 

and 23.44 min and were identical to the trimethylsilyl-L-cysteine derivatives of 

authentic D-glucuronic acid and D-glucose, respectively. 

 

5.6. Cell Viability Assay 

C2C12 myoblast cells were cultured and seeded in 96-well plates at 3000 cells/well 

in Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal 

bovine serum (FBS). After 24 h of incubation, the tested compound was dissolved in 

DMSO and treated for 24 h. Cell viability was analyzed by (3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) (Sigma, MO, USA). Then, 

20 μL of the MTT solution (2 mg/mL) was added to the wells. The plates were 

incubated at 37 °C in the dark for the MTT reaction. After 2 h of incubation, the 

supernatant was removed. The formazan crystals were dissolved in 100 μL of DMSO. 

The absorbance was obtained at 570 nm using a microplate reader (VersaMaxTM, 

Randor, PA, USA). 

 

5.7. Differentiation of 3T3-L1 Adipocytes 

3T3-L1 preadipocyte cells were maintained with DMEM medium (Hyclone, Logan, 

UT, USA) with 10% calf serum, 100 U/mL penicillin, and 100 mg/mL streptomycin 

(Hyclone) in 5% CO2 at 37 °C. After 2 days of incubation, the growth medium was 

changed to DMEM medium with 10% fetal bovine serum (FBS) (Hyclone) 

containing 1 μM of dexamethasone (Sigma-Aldrich), 0.52 mM 3-isobutyl-1-

methylxanthine (Sigma-Aldrich), and 1 μg/mL insulin (Roche, Germany). After 48 

h, the cells were maintained in DMEM medium with 10% FBS, 1 μg/mL insulin, 100 

U/mL penicillin, and 100 mg/mL streptomycin for 2 days. The medium was 

exchanged to DMEM supplemented with 10% FBS medium every 2 days until the 

induction of adipogenesis. 
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5.8. Glucose Uptake Assay 

A glucose uptake assay was performed with a fluorescent derivative of glucose, 2-

NBDG (Invitrogen, Carlsbad, CA, USA). The 3T3-L1 cells were seeded onto a 96-

well plate. After the cells were induced to undergo differentiation, the medium was 

replaced with a glucose-free medium with insulin (100 nM) and test compounds (20 

μM) with 50 μM 2-NBDG for 1 h. Then, the cells were washed two times using 

phosphate-buffered saline (PBS). Cell lysis was performed by treating 70 μL of 1% 

Triton X-100 (Nacalai Tesque, Kyoto, Japan) in PBS and 0.1 M K3PO4 (Junsei 

Chemical, Tokyo, Japan) for 10 min. The fluorescence signal was measured on a 

plate reader (VICTOR X3, PerkinElmer, Waltham, MA, USA) at 450 nm excitation 

and 535 nm emission. 

 

5.9. Statistical Analysis 

All data were calculated as the means ± SD of three independent experiments. The 

significant differences between groups were determined using one-way analysis of 

variance (ANOVA). Statistical significance was determined at *p < 0.05, ** p < 0.01, 

and *** p < 0.001. 
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