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ABSTRACT: Three undescribed Amarylidaceae alkaloids, named gigantelline, gigantellinine and 

gigancrinine, were isolated from Crinum jagus (syn.=Crinum giganteum) collected in Senegal, together 

with the already known sanguinine, cherylline, lycorine, crinine, flexinine and the isoquinolinone 

derivative hippadine. Gigantelline, gigantellinine and gigancrinine were characterized as 4-(6,7-

dimethoxy-2-methyl-1,2,3,4-tetrahydro-isoquinolin-4-yl)-phenol, its 7-O-demethyl-5ꞌ-hydroxy-4ꞌ-

methoxy derivative and 5,6a,7,7a,8a,9-hexahydro-6,9a-ethano[1,3]dioxolo[4,5-j]oxireno[2,3-

b]phenanthridin-9-ol, respectively, by using spectroscopic (1D and 2D 1H and 13C NMR and HRESIMS) 

and chemical methods. Their relative configuration was assigned by NOESY NMR spectra and NMR 

calculations, while the absolute configuration was assigned using electronic circular dichroism (ECD) 

experiments and calculations. Sanguinine, cherylline, crinine, flexinine, and the isoquinolinone 

hippadine, were isolated for the first time from C. jagus. Cherylline, gigantellinine, crinine, flexinine 

and sanguinine inhibited the activity of AChE in a dose-dependent manner, and inhibition by sanguinine 

was remarkably effective (IC50=1.83 ± 0.01 μM). Cherylline and hippadine showed weak cytotoxicity 

at 100 μM.  
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1. Introduction 

Plants and microorganisms are an important reservoir of bioactive specialized metabolites. Among 

them, the plants of the Amaryllidaceae species are a demonstrated rich source of alkaloids and related 

isocarbostyryl compounds, with a broad spectrum of biological activity (Evidente and Kornienko, 

2009a; Nair et al., 2013a; Jin and Yao, 2019).  

Amaryllidaceae plants are found in tropical and subtropical regions of the world, but essentially in 

Andean South America, in the Mediterranean basin, and in Southern Africa (Nair et al., 2013b). These 

bulbous flowering plants, including ca. 1600 species, are classified into about 75 genera (Christenhusz 

and Byng, 2016). Approximately one third of the known Amaryllidaceae species grow in South Africa 

(Nair et al., 2013b) and they are largely utilized in folk medicine (Meerow and Snijman, 1998).  

The Amaryllidaceae alkaloids (AAs) are grouped into 12 ring types (Kornienko and Evidente, 2008). 

Many studies have been carried out on AAs since their structures provide a viable platform for 

phytochemicalbased drug discovery (Cimmino et al., 2017). Hundreds of structurally diverse alkaloids 

have been found (Kornienko and Evidente, 2008; Cimmino et al., 2017; Jin and Yao, 2019) and many 

have shown promising anticancer activity. Among them there are lycorine- and its related isocarbostyryl 

narciclasine-type, crinine-type, pretazettine-type, and the montanine-type alkaloids (Cimmino et al., 

2017). Galanthamine is the most promising for the treatment of the symptoms of Alzheimer's disease 

and it is currently being used as a cholinesterase inhibitor drug for this disease (Houghton et al., 2006). 

Recently, from Narcissus tazetta subsp. tazetta L., collected in Turkey, lycorine, pseudolycorine, 

galanthamine and 11-hydroxygalanthamine were isolated (Karakoyun et al., 2019). In addition, 

sarniensine, sarniesinol and crinsarnine, showing significant insecticidal activity against Aedes aegypti, 

the mosquito responsible of yellow and dengue fevers and Zika, were isolated together with several 

known AAs from Nerine sarniensis collected in South Africa (Masi et al., 2016, 2017). Coccinine, 
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montanine, albomaculine and incartine, belonging to the isoquinoline-, homolycorine- and lycorine-type 

alkaloids, were isolated from Haemanthus humilis, collected in the same country, with only coccinine 

and montanine exhibiting anticancer activity at low micromolar concentrations (Masi et al., 2019). 

Crinum buphanoides, Crinum graminicola, Cyrtanthus mackenii, Brunsvigia grandiflora, native species 

of South Africa, produced lycorine as the main alkaloid (Masi et al., 2018).  

Continuing our screening on biologically active undescribed alkaloids from native and unstudied 

Amaryllidaceae from Africa, our interest was focused on Crinum jagus (syn.=Crinum giganteum) 

collected in Senegal, belonging to a genus which showed to be very rich in crinine-type alkaloids (Ghosal 

et al., 1985). The aqueous and organic extracts of this plant were previously investigated in different 

studies and showed to contain biologically active metabolites. In fact, these compounds have the 

potential for the treatment of inflammatory process (Kapu et al., 2001) and possesses several other 

important activities such as antibacterial (Adesanya et al., 1992), sedative (Amos et al., 2003), inhibition 

of cholinesterases (Cortes et al., 2018), antiviral (Ogbole et al., 2018) etc. However, only few reports are 

available on the alkaloids produced by this species (Adesanya et al., 1992; Kintsurashvili and 

Vachnadze, 2007; Cortes et al., 2018).  

This study reports on the isolation and the chemical and biological characterization of three 

undescribed alkaloids, named gigantelline, gigantellinine and gigancrinine from C. jagus, together with 

five known AAs and the isoquinolinone derivative hippadine. The results of their acetylcholinesterase 

(AChE) inhibitory and cytotoxic activity on breast cancer cells are also discussed. 

 

2. Results and Discussion 

 The acid organic extract of powdered bulbs of C. jagus was purified by a combination of column 

and TLC chromatography to yield three undescribed alkaloids (1–3, Fig. 1) together with the well-known 
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AAs sanguinine, cherylline, lycorine, crinine and flexinine, and the isoquinolinone hippadine (4–9, Fig. 

1). These latter compounds were identified by comparison of their spectroscopic (essentially 1H and 13C 

NMR and ECD) and physical (specific optical rotation) data with those previously reported for 4 

(Kobayashi et al., 1991), 5 (Kobayashi et al., 1984; Lebrun et al., 2003; Brossi and Teitel, 1970), 6 

(Pham et al., 1998; Lamoral-Theys et al., 2009), 7 (Viladomat et al., 1995), 8 (Pham et al., 1998) and 9 

(Ghosal et al., 1981; Masi et al., 2016), respectively.  

 The previously undescribed alkaloids 1–3, were named gigantelline, gigantellinine and 

gigancrinine, respectively.  

 Gingantelline (1) has a molecular formula of C18H21NO3 consistent with nine hydrogen 

deficiencies. Its 1H and COSY spectra (Berger and Braun, 2004) (Table 1) showed the signal patterns of 

a tetra-substituted-tetrahydroisoquinoline and a para-substituted phenol ring. In particular, the singlets 

of two methoxy groups were observed at δ 3.83 and 3.59 while that of a N-methyl resonated at δ 2.44 

(Pretsch et al., 2000). C-4 represents the carbon bridging the tetrasubstituted tetrahydroisoquinoline and 

the para-substituted phenol rings, as evidenced by the long-range couplings observed in the HMBC 

spectrum (Berger and Braun, 2004) (Table 1, Fig. 2). The methoxy group at δ 3.83 was located at C-6 

as demonstrated by the long-range coupling with H-5 observed in the HMBC spectrum (Table 1, Fig. 2) 

and the coupling between MeO–C6 with both C-5 and C-6 (Table 1 and Fig. 2), while the methoxy group 

at δ 3.59 was positioned at C-7 as demonstrated by long range couplings observed in the same spectrum 

with C-7 and C-8 (Pretsch et al., 2000). These positions were confirmed by the correlations observed in 

the NOESY spectrum between MeO–C6 with H-5 and MeO–C7 with H-8 (Fig. 2).  

 The couplings observed in the HSQC spectrum (Berger and Braun, 2004) (Table 1) allowed to 

assign all the protonated carbons. The couplings observed in the HMBC spectrum (Table 1, Fig. 2) 

allowed to assign the six quaternary sp2 carbons, three of which were oxygenated (Breitmaier and 
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Voelter, 1987). Thus, the chemical shifts were assigned to all the protons and corresponding carbons of 

1 as reported in Table 1.  

 These results were consistent with the bands recorded in the IR and UV spectra (Nakanishi and 

Solomon, 1977; Pretsch et al., 2000). According to these findings, 1 was formulated as 4-(6,7-

dimethoxy-2-methyl-1,2,3,4-tetrahydro-isoquinolin-4-yl)-phenol. The structure assigned to 1 was 

supported by the pseudomolecular ion [M+H]+ observed in its HR ESIMS spectrum at m/z 300.1591. 

 The structure assigned to 1 was further confirmed by the preparation of its 4ꞌ-O-acetyl derivative 

(10, Fig. 1) which showed the absence of the hydroxy group in the IR spectrum while its 1H NMR 

spectrum differed from that of 1 for the downfield shifts of H-3ꞌ,5ꞌ and H-2ꞌ,6ꞌ and for the singlet of the 

acetyl group at δ 2.29. Its ESIMS spectrum showed the pseudomolecular ion [M+H]+ at m/z 342 and the 

fragmentation peak at m/z 300 [M+H - CH2CO]+. 

 Gigantellinine (2, Fig. 1) has a molecular formula of C18H21NO4 consistent with 9 hydrogen 

deficiencies as in 1 but differing by one extra oxygen atom. The comparison between the 1H and 13C 

NMR spectra of 1 and 2 (Table 1) showed differences essentially in the signal system of the phenol ring. 

In fact, this latter appears to be a 2,5-disubstituted phenol again linked through the C-1ꞌ-C-4 bond to the 

almost unchanged tetrahydroisoquinoline moiety, as showed by the long range couplings observed in 

the HMBC spectrum (Table 1, Fig. 2). Its 1H and COSY NMR spectra (Table 1) showed again two 

singlets due to the methoxy groups at δ 3.62 and 3.85, with the first located at C-6 in agreement with the 

coupling observed in the HMBC spectrum of MeO–C6 with both C-6 and C-7 (Table 1, Fig. 2). The 

other one was located at C-4ꞌ in agreement with the long range coupling observed between MeO–C4ꞌ 

and C-4ꞌ. These assignments were also confirmed by the correlations observed in the NOESY spectrum 

reported in Fig. 2.  
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 Thus, 1 and 2 differed only in the position of two methoxy groups, which were assigned as 

reported above, and for the hydroxy groups at C-7 and C-5ꞌ. Consequently, the 13C NMR spectrum of 2 

(Table 1) showed an extra oxygenated sp2 quaternary carbon at δ 114.9 which was assigned to carbon 

C-5ꞌ due to its couplings in the HMBC spectrum with H-3ꞌ (Table 1). The other 13C resonances remained 

unaltered and based on the couplings observed in the COSY, HSQC and HMBC spectra (Table 1), all 

the proton and carbon signals were assigned and reported in Table 1 (Pretsch et al., 2000; Breitmaier 

and Voelter, 1987).  

 These findings agreed with the bands recorded in the IR and UV spectra. Thus, 2 was formulated 

as the 7-O-demethyl-5ꞌ-hydroxy-4ꞌ-methoxy derivative of 1. Its structure was supported by the HR 

ESIMS spectrum which showed the pseudomolecular ion [M+H]+ at m/z 316.1539. 

 The absolute configuration of 1 and 2 was determined by comparison of their ECD spectra with 

that of cherylline (5), as the three compounds have consistent chromophores and the same skeleton. The 

ECD spectra of the three alkaloids (1, 2 and 5) are reported in Fig. 3 and showed a quite perfect 

overlapping between the spectra of cherylline and gigantellinine, while that of 1 had a mirror image 

appearance with respect to the former ones. Thus, as the C-4 in 5 has S stereochemistry (Brossi and 

Teitel, 1970), the same was assigned to the C-4 of 2, while the R absolute configuration was assigned to 

the same carbon of 1.  

 Thus, the same plant synthesizes two closely related alkaloids 1 and 2 with different 

stereochemistry at C-4. To explain this point, it is necessary to investigate the biosynthetic pathway of 

gigantelline and gigantellinine. Amigo Chan in his PhD thesis (Iowa State University, 1973) 

“Biosynthesis of cherylline using doubly-labeled norbelladine type precursor” reports some results on 

the biosynthesis of cherylline based on the incorporation of doubly labeled O-methyl [1ꞌ-3H, 1–14C] 

norbelladine into Crinum powellii. His results confirmed the previous ones obtained by Shaffer (1972) 
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and Miller (1966), who already demonstrated that O-methyl [1ꞌ-3H]norbelladine was incorporated intact 

in cherylline, lycorine and ambelline. Thus, it is possible to hypothesize that gigantelline is 

biosynthesized from the same biosynthetic pathway and then that the intermediate cherylline is 

methylated at the hydroxyl group attached at C-7 by S-adenosylmethionine. Amigo Chan also postulated 

that montanine could be a biosynthetic precursor of a cherylline ring system but with an opposite 

configuration at C-4. Consequently, to clarify the origin of the different stereochemistry at C-4 in 2, the 

biosynthetic pathway of gigantellinine should be investigated by incorporation a suitable label (with 

radioactive or heavy isotopic atoms depending from the fraction of incorporation into the biosynthetic 

precursor) in C. jagus. Then the labeled gigantellinine should be isolated and the site(s) of label 

incorporation investigated. However, this challenging project is beyond the scope of the present 

manuscript. 

 Gigancrinine (3, Fig. 1) has a molecular formula C16H17NO4 with nine hydrogen deficiencies. 

The first investigation of its 1H and 13C NMR spectra (Table 2) showed that it is closely related to crinine-

type alkaloids (Ghosal et al., 1985; Kornienko and Evidente, 2008). These preliminary findings are 

consistent with the bands observed in the IR spectrum and UV spectra.  

 In particular, the 1H NMR and COSY spectra of 3 (Table 2) showed the expected singlets of the 

two protons of a 2,3,5,6-tetrasubstituted benzene ring (ring A) and the singlet of the methylene of a 

dioxolane ring. The two doublets of a methylene (H2C-6) linked to the tertiary nitrogen atom account 

for the presence of ring B. This latter, judging also from the couplings observed in HMBC spectrum 

(Table 2, Fig. 2), was linked to the aromatic ring (ring A), and this latter to the dioxolane ring. Similarly, 

the two double doublets of H2C-11, coupled with the multiplet and the double triplet of H2C-12, which 

appeared linked to the nitrogen atom, accounted for the ethano bridge between C-10b and the nitrogen 

atom, which is characteristic of crinine-type alkaloids (Ghosal et al., 1985; Kornienko and Evidente, 
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2008). In addition, the presence of ring D, joined to rings B and C, was confirmed on the basis of the 

couplings observed in the HMBC spectrum. The signal pattern of ring C consisted of a broad singlet (H-

1) resonating at δ 4.47, which coupled with the adjacent proton (H-2), a doublet at δ 3.12 and this, in 

turn, with the multiplet of its adjacent proton (H-3) at δ 3.48. Both the chemical shifts of H-2 and H-3 

are typical of an oxirane ring (Pretsch et al., 2000; Batterham, 1972). H-3, in turn, coupled with the 

protons of the adjacent methylene group (H2C-4), observed as two doublets of double doublets at δ 2.37 

and 1.81, which coupled both with H-4a resonating as a double doublet at δ 3.21.  

 The 13C NMR spectrum (Table 2) showed the signals of sixteen carbons which were all assigned 

by the coupling observed in the HSQC and HMBC spectra (Table 2, Fig. 2). Thus, the chemical shifts 

were assigned to all the protons and corresponding carbons and reported in Table 2 and gigancrinine 

was formulated as 5,6a,7,7a,8a,9-hexahydro-6,9a-ethano[1,3]dioxolo[4,5-j] oxireno[2,3-

b]phenanthridin-9-ol (3). Gigancrinine then appears as a constitutional isomer of flexinine (8), obtained 

upon the shift of the hydroxy group and epoxy ring positions on ring C.   

 The structure assigned to 3 was supported by the data of its HR ESIMS spectrum which showed 

the protonated molecular ion [M+H]+ at m/z 288.1228.  

 The relative stereochemistry of 3 was deduced from the correlations observed in the NOESY 

spectrum (Fig. 2), from a detailed analysis of 3JHHcouplings and from NMR calculations. Compound 3 

contains 6 different stereogenic centers (5 carbons and 1 nitrogen). However, the relative configuration 

of C-4a, C-10b and N is restricted by the ethano bridge, while that of C-2 and C-3 is dictated by the 

epoxy ring; thus, the set of possible stereoisomers is limited to 4 pairs of enantiomers. Still, the 

stereochemical assignment is complicated by the fact that ring C assumes a half-chair conformation, 

making some pieces of information not immediate. We started assuming the same configuration at C-

4a, C-10b and N as for flexinine (8), thus with the ethano bridge in β-orientation (Fig. 1). The NOE 
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cross-peak observed between H-1 and H-2 and the small (undetectable) coupling constant suggested 

their gauche spatial relation. Furthermore, the significant cross peak between H-1 and H-10 together 

with the lack of cross-peaks between H-1 and H-11 allowed to assign H-1 as α-oriented and the hydroxyl 

group attached at C-1 as β-oriented. The lack of coupling between H-2 and especially H-3 and H-4a in 

the NOESY spectrum suggested that the former hydrogens were β-oriented, if H-4a is α-oriented as in 

flexinine. Finally, a set of diagnostic 3JHH coupling constants was detected (Table 3). To interpret the 

overall set of data by means of molecular modeling, we built 4 different isomers by keeping the 

configuration (4aR,10bS) fixed and varying the configuration at C-1, C-2 and C-3 as (1R,2R,3R), 

(1S,2R,3R), (1R,2S,3S) and (1S,2S,3S). Then, we applied a computational protocol to predict 13C 

chemical shifts and 1H–1H couplings based on density functional theory (DFT) calculations (Hehre et 

al., 2019). The input structures were generated after a multi-step conformational search (see 

Computational Section) culminating in ωB97X–V/6-311+G(2df,2p)//ωB97X-D/6-31G(d) energy 

estimation and geometry optimization. Magnetic shielding and spin-spin coupling calculations were then 

run at ωB97X-D/6-31G(d) and ωB97X-D/pcJ-0 level, respectively. The results for the four isomers are 

summarized in Table 3 and compared therein with the experiments; correlation graphs (Fig. S2) are 

shown in the Supporting Information. The above computational protocol normally leads to overall 

RMSD (root-mean-square deviations) between experimental and calculated 13C chemical shifts below 2 

ppm (Hehre et al., 2019). In the current case, the significantly smallest RMSD of 1.8 ppm was obtained 

for the (1R,2R,3R) isomer, but an acceptable RMSD of 2.3 ppm was also obtained for the (1R,2S,3S) 

isomer. However, only the former one provided an excellent agreement between calculated and 

diagnostic 3JHH coupling constants (Table 3). Thus, the relative configuration 1R*,2R*,3R*,4aR*,10bS* 

was assigned to 3.  
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 The absolute configuration of 3 was inferred by its ECD spectrum (Fig. 4), which was very 

similar to that flexinine (8), either reported in the literature (Pham et al., 1998) or measured on our 

sample of 8. The ECD spectra of gigancrinine (3), crinine (7), flexinine (8) and related alkaloids are 

mainly determined by the configuration of the chirality centers on ring B, which is close to the aromatic 

chromophore (Wagner et al., 1996; Pham et al., 1998). Therefore, we anticipated the configuration of 3 

and 8 to be the same as for the corresponding chirality centers C-4a and C-10b. The final confirmation 

came from the comparison between the experimental ECD spectrum of 3 with that calculated by time-

dependent DFT (TD-DFT) (Superchi et al., 2018; Pescitelli and Bruhn, 2016). Using input structures 

with (1R,2R,3R,4aR,10bS) configuration, the spectrum calculated at B3LYP/def2-TZVP/PCM level 

(solvent model for acetonitrile) fitted very well the experimental spectrum (Fig. 4). Therefore, the 

absolute configuration of gigancrinine was ultimately assigned as (1R,2R,3R,4aR,10bS)-3. 

 Few references are available on the alkaloids produced by C. jagus isolated in different parts of 

the world (Adesanya et al., 1992; Kintsurashvili and Vachnadze, 2007; Cortes et al., 2018) but its 

aqueous and organic extracts showed several biological activities (Kapu et al., 2001; Adesanya et al., 

1992; Amos et al., 2003; Cortes et al., 2018; Ogbole et al., 2018). Among them one the most promising 

resulted to be the inhibition of acetylcholinesterase (AChE) (Houghton et al., 2004; Cortes et al., 2018) 

 AChE is a serine protease located at neuromuscular junctions, in cholinergic synapses of the 

central nervous system (Brimijoin, 1983) and in red blood cells (Heller and Hanahan, 1972; Szelenyi et 

al., 1982). Currently, AChE inhibitors have become the main target treatment for Alzheimer's disease 

and donepezil, rivastigmine, and galantamine are the major therapies approved for its treatment (Lahiri 

et al., 2002). However, these drugs are not curatives, their benefit are short-term (Giacobini, 2000), and 

cause serious side effects (Moodie et al., 2019). Therefore, the discovery of new drugs for Alzheimer's 

disease with improved AChE inhibition and less side effects is required (Kim et al., 2017). 
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 All isolated compounds, except for hippadine that was not obtained in sufficient amount, were 

assayed for their AChE inhibitory activity. Galanthamine hydrobromide was used as a positive control. 

Cherylline (5), gigantellinine (2), crinine (7), flexinine (8) and sanguinine (4) all inhibited the activity 

of AChE in a dose-dependent manner (Table 4, Fig. S3) whereas gigantelline (1), lycorine (6) and 

gigancrinine (3) did not. The results obtained testing lycorine are in perfect agreement with the data 

previously reported (Elgorashi et al., 2004; Ortiz et al., 2018).  

 Cherylline is a 4-arylisoquinoline derivative, a compound with a weak AChE inhibitory activity 

(Bastida et al., 2006). Therefore, the low AChE inhibitory activity observed for gigantelline is not 

surprising. Gigantellinine is less active than cherylline, according to our study probably for its opposite 

stereochemistry at C-4. Flexinine, tested for the first time, and crinine had weak AChE inhibitory 

activities. The results of crinine are in agreement with the data previously reported (Elgorashi et al., 

2004). The most active AA in the AChE inhibition assay was sanguinine (4), a galantamine-type 

alkaloid, with an IC50 value of 1.83 ± 0.01 μM and was 4 times more active than our positive control 

galantamine (IC50 of 7.2 μM; Fig. S3). This results are consistent with those recently reported by Ortiz 

et al. (2018) and with the similarity between the two alkaloids sturture that differs only in the substituents 

on the benzene ring. Concerning the AAs belonging to crinine group (3, 7 and 8), the results showed 

that the stereochemistry of the ethano bridge is not important for the activity while the substitution of C 

ring plays an important role.  

 Cytotoxic activity was measured on human breast cancer cell line MCF-7 using the XTT cell 

viability assay. Lycorine was used as a positive control and it was toxic at all concentrations tested (Fig. 

S4). Sanguinine, flexinine, gigancrinine and crinine did not exhibit any detectable cytotoxic activity on 

MCF-7 cells. Cherylline, hippadine, gigantelline, gigantellinine and sanguinine had a significant 

cytotoxicity at 400 μM (Fig. S5). At 100 μM, only hippadine and cherylline remained weakly but 
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significantly cytotoxic, whereas all compounds lost any cytotoxic potential at lower concentrations (Fig. 

S4). This is in agreement with the strong anticancer activity showed by the isocarbostyril narciclasine 

close to lycorine (Cimmino et al., 2017). 

 Thus, the undescribed compounds are not good candidate as antibreast cancer drugs. However, 

other cell lines derived from different cancer types could be tested in the future. Further bioassays 

measuring other biological activities such as larvicidal, antimicrobial and anti-inflammatory will also be 

investigated in future studies. 

 

3. Conclusions  

 In conclusion, eight Amaryllidaceae alkaloids and an isoquinolinone derivative were isolated 

from C. jagus collected in Senegal. Five alkaloids resulted to be known and identified as sanguinine, 

cherylline, lycorine, crinine and flexinine, while the isoquinolinone derivative was identified as 

hippadine. The other three resulted to be previously undescribed tetrahydroisoqionoline- and crinine-

type alkaloids and were named gigantelline, gigantellinine and gigancrinine. Alkaloids belonging to 

tetrahydroisoquinoline subgroup are rarely isolated from Amamaryllidaceae plants. To the best of our 

knowledge this is the first report of alkaloids produced by C. jagus collected in Senegal with sanguinine, 

cherylline, crinine, flexinine, and isoquinolinone hippadine isolated for the first time from this species. 

The isolated compounds were evaluated for their acetylcholinesterase (AChE) inhibitory potential and 

cytotoxic activity on the breast cancer cell line MCF-7. Cherylline, gigantellinine, crinine, flexinine and 

sanguinine inhibited the activity of AChE in a dose-dependent manner and sanguinine inhibition was 

remarkably effective. Cherylline and hippadine showed a weak cytotoxicity potential at 100 μM. This 

study can expand the chemical library of Amaryllidaceae alkaloids and their possible application in 

medicine. 
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4. Experimental 

4.1. General Experimental Procedures  

A Perkin-Elmer Spectrum 100 Fourier transform infrared (FTIR) spectrometer was employed to 

record infrared (IR) spectra on a glassy film. UV spectra were measured in CH3OH on a JASCO V-530 

spectrophotometer. ECD spectra of 1, 2, 4, 5, 7 and 8 were recorded on a JASCO J-815 spectrometer in 

CH3OH (c 0.3). The ECD spectra of 3 were recorded with a JASCO J-715 spectropolarimeter, on CH3CN 

solutions and using a quartz cell with 0.01 cm path-length. ECD measurement parameters were the 

following: scan speed 100 nm/min; time-constant 0.5 s; bandwidth 1 nm; 4 accumulations. 1H and 13C 

NMR spectra were recorded at 500/125 MHz in CD3OD on Varian spectrometers. The same solvent was 

used as internal standard. Carbon multiplicities were determined by DEPT spectra (Berger and Braun, 

2004) DEPT, COSY-45, HSQC, HMBC (Berger and Braun, 2004), were performed using Varian 

microprograms. HRESI mass spectra and liquid chromatography (LC)/MS analyses were performed 

using the LC/MS TOF system AGILENT 6230B, HPLC 1260 Infinity. The HPLC separations were 

performed with a Phenomenex LUNA (C18 (2) 5u 150×4.6 mm). The ESI MS/MS were recorded on 

Alliance waters 2695 HPLC-MS/MS QQQ. Analytical and preparative TLC were performed on silica 

gel (Kieselgel 60, F254, 0.25 and 0.5mm respectively, Merck) plates. The spots were visualized by 

exposure to UV radiation (253), or iodine vapour. Colum chromatography (CC) was performed using 

silica gel (Kieselgel 60, 0.063–0.200 mm, Merck). 

 

4.2. Plant material  

Bulbs of Crinum jagus (syn.=Crinum giganteum) were collected in Senegal, in Montrolland district 

(14°55′56,22’’N and 16°59′38,62’’W), in December 2018 (Fig. S1). A senior scientist from the 
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Herbarium of IFAN of University Cheikh Anta Diop of Dakar taxonomically identified the plant 

materials. 

 

4.3. Extraction and purification 

Fresh bulbs of C. jagus were dried at room temperature and then finely powdered. The resultant 

powder (1.35 kg) was extracted with 1% H2SO4, (2 x 2L) overnight at room temperature. The suspension 

was filtered through cloth and successively centrifuged at 10 °C at 7000 rpm for 30 min. The acid extract 

was alkalinized to pH 9–10 with 12 N NaOH. The aqueous solution was extracted with EtOAc (3 x 1.2 

L), and the organic extracts were combined, dried (Na2SO4) and evaporated under reduced pressure to 

give a brown oil residue (3.0 g). This latter was crystallized by EtOH obtaining lycorine (6, 600 mg) as 

white crystals. The mother liquors of crystallization were dried and the residue (2.4 g) was fractionated 

by column chromatography eluted with CHCl3-EtOAc-MeOH (2:2:1), affording eighteen groups of 

homogeneous fractions (F1–F18). The residue (134.8 mg) of fraction F2 was purified on silica gel 

chromatography and eluted with CHCl3-i-PrOH (95:5), yielding eleven fractions. The residue (10.5 mg) 

of fraction 2 was further purified on preparative TLC and eluted with CHCl3, yielding hippadine (9, 1.6 

mg) as an amorphous solid. The residues (90.5 and 128.2 mg) of fractions F7 and F8 were combined 

and treated with hot EtOH, affording a homogeneous amorphous precipitate which being an undescribed 

compound, as below reported, was named gigantelline (1, 50.7 mg, Rf 0.55 in CHCl3-EtOAc-MeOH 

(2:2:1)). The supernatant was purified by column chromatography, eluted with CHCl3–CH3OH (85:15) 

obtaining, cherylline (5, 15.4 mg) and an amorphous solid, which being undescribed as below reported, 

was named gigantellinine (2, 17.72 mg, Rf 0.43) and further amount of gigantelline (20.8 mg for a total 

of 71.5 mg). The residue (98.5 mg) of fraction F17 of the initial column was purified on silica gel 

chromatography and eluted with CHCl3–CH3OH (8:2), yielding 6 fractions. The residue (27.5 mg) of 
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fraction 2 was further purified by preparative TLC eluted with CHCl3–CH3OH (85:15), yielding 

flexinine (8, 16.0 mg), as crystals. The residue (230.6 mg) of fraction F18 of the initial column was 

purified by silica gel column, eluted with EtOAc-CH3OH-H2O (75:15:10), yielding 8 fractions. The 

residue of fraction 6 was an amorphous solid which was identified, as below reported, as crinine (7, 42.3 

mg). The residue of fraction 8 was identified as sanguinine (4, 6.7 mg). The residue (23.9 mg) of fraction 

4 was further purified on preparative TLC and eluted with CH2Cl2–CH3OH (75:25), yielding an 

amorphous solid which being an undescribed compound, as below reported, was named gigancrinine (3, 

5.5 mg, Rf 0.55). 

Gigantelline (1). [α]D
25 +16.3 (c 2.9, CH3OH); UV λmax nm (log ε) 281 (3.35); IR νmax 3291, 1588, 

1512, 1465 cm−1; 1H and 13C NMR, see Table 1; HR ESIMS (+) m/z: 300.1591 [M + H]+ (calculated for 

C18H22NO3 300.1600). 

Gigantellinine (2). [α]D
25 -39.1 (c 0.8, CH3OH); UV λmax nm (log ε) 283 (3.64); IR νmax 3390, 1588, 

1506, 1462 cm−1; 1H and 13C NMR, see Table 1; HR ESIMS (+) m/z: 316.1539 [M + H]+ (calculated for 

C18H22NO4 316.1549). 

Gigancrinine (3). [α]D
25 -4.5 (c 0.3, CH3OH); UV λmax nm (log ε) 294 (2.59); IR νmax 3456, 1505, 

1487, 1288 cm−1; 1H and 13C NMR, see Table 2; HR ESIMS (+) m/z: 288.1228 [M + H]+ (calculated for 

C16H18NO4 288.1236). 

Sanguinine (4). [α]D
25 -100.4 (c 0.6, EtOH) [Kobayashi et al., 1991: [α]D

25 -133.0 (c 0.2, EtOH)]; 

1H and 13C NMR spectra are identical to those previously reported (Kobayashi et al., 1991); ESIMS (+) 

m/z: 274 [M + H]+. 

Cherylline (5). [α]D
25 -68.4 (c 0.1, CH3OH) [Kobayashi et al., 1984: [α]D

25 -70.6 (c 0.2, CH3OH)]; 

1H and 13C NMR spectra are identical to those previously reported (Kobayashi et al., 1984; Lebrun et 

al., 2003) as well ECD (Brossi and Teitel, 1970); ESIMS (+) m/z: 286 [M + H]+. 
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Lycorine (6). [α]D
25 -72.5 (c 0.1, CH3OH) [Pham et al., 1998: [α]D

25 -71.2 (c 0.1, CH3OH)]; 1H and 

13C NMR spectra are identical to those previously reported (Lamoral-Theys et al., 2009). ESIMS (+) 

m/z: 288 [M + H]+. 

Crinine (7). [α]D
25 -17.9 (c 0.6, EtOH) [Viladomat et al., 1995: [α]D

22 -9.0 (c 0.6, EtOH)]; 1H and 

13C NMR and specific optical rotation are identical to those previously reported (Viladomat et al., 1995). 

ESIMS (+) m/z: 272 [M + H]+. 

Flexinine (8). [α]D
25 -12.7 (c 0.1, CH3OH) [Pham et al., 1998: [α]D

25 -12.5 (c 0.1, CH3OH)]; 1H and 

13C NMR and specific optical rotation are identical to those previously reported (Pham et al., 1998). 

ESIMS (+) m/z: 288 [M + H]+. 

Hippadine (9). 1H and 13C NMR are identical to those previously reported (Ghosal et al., 1981; Masi 

et al., 2016); ESIMS (+) m/z: 812 [3M + Na]+, 549 [2M + Na]+, 286 [M + Na]+ and 264 [M + H]+. 

4′-O-Acetylgigantelline (10). Gigantelline (1, 2.0 mg), was acetylated used a common method to 

obtain the corresponding acetyl derivative 10 as an amorphous solid (1.46 mg). 10 had: UV λmax (log ε) 

285 (3.15) nm; IR νmax 1763, 1607, 1512, 1459, 1217 cm−1; 1H NMR, differed from that of 1 only for 

the following signals: δ, 7.23 (2H, d, J=8.6 Hz, H-3′ and H-5′), 7.07 (2H, d, J = 8.6 Hz, H-2′ and H-6′), 

2.29 (3H, s, OAc); ESIMS (+) m/z: 342 [M + H]+ and 300 [M + H - CH2CO]+. 

 

4.4. Computational methods 

Molecular mechanics, Hartree-Fock (HF) and density functional theory (DFT) calculations were 

run with Spartan’18 (Wavefunction, Inc., Irvine CA, 2018), with standard parameters and convergence 

criteria. DFT and time-dependent (TD) DFT calculations were run with Gaussian16 (Frisch et al., 2016) 

with default grids and convergence criteria. NMR calculations were run on four isomers of 3 with the 

configurations (1R,2R,3R,4aR,10bS), (1S,2R,3R,4aR,10bS), (1R,2S,3S,4aR,10bS) and 
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(1S,2S,3S,4aR,10bS). The conformers obtained by a conformational search run with the Monte Carlo 

algorithm using Merck molecular force field (MMFF) were geometry-optimized at HF/3-21G level, 

screened by single-point calculations at ωB97X-D/6-31G(d) level, and geometry-optimized at the same 

level. Final energies and populations were estimated at the ωB97X–V/6-311+G(2df,2p) level, according 

to the procedure described by Hehre et al., (2019). The procedure afforded up to 3 energy minima for 

each isomer. 13C-NMR chemical shifts were then calculated with the GIAO method at ωB97XD/6-

31G(d) level; an empirical correction was applied depending on the number of bonds to the carbon and 

on the bond lengths (Hehre et al., 2019). 1H–1H NMR spin-spin coupling constants were calculated at 

ωB97X-D/pcJ-0 level, including only the Fermi contact (FC) term. ECD calculations were run on the 

(1R,2R,3R,4aR,10bS)-3 isomer. The sets of low-energy minima found as described above were re-

optimized at the ωB97X-D/6-311+G(d,p)/PCM level including the IEF-PCM continuum solvent model 

for acetonitrile. TDDFT calculations were run at the B3LYP/def2-TZVP/PCM and CAM-B3LYP/def2-

TZVP/PCM levels, yielding consistent results. They included 32 excited states (roots) in each case. 

Average ECD spectra were computed by weighting component ECD spectra with Boltzmann factors at 

300 K estimated from DFT internal energies, and were plotted using the program SpecDis (Bruhn et al., 

2017), using dipole-length rotational strengths; the difference with dipole-velocity values was negligible 

in all cases. 

 

4.5. Cell culture 

The human breast cancer cell line MCF-7 was kindly provided by the Celine Van Themsche and 

Carlos Reyes-Moreno laboratory's at the Université du Québec in Trois-Rivières (Trois-Rivières, 

Canada). Cells were grown in complete Dulbecco's modified Eagle medium (DMEM, Wisent) with 10% 

fetal bovine serum (FBS) and antibiotics (100 μg/mL penicillin and 100 μg/mL streptomycin and 
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plasmocin, (Invivogen Cedar Lane, Burlington, Ontario, Canada). Cells were maintained in a humidified 

atmosphere at 37 °C and 5% CO2. 

 

4.6. XTT cell viability assay 

Cytotoxicity properties were evaluated using the XTT assay kit (Roche, sigma-aldrich.com). MCF-

7 were seeded at 10x103 cells per well in 96-well plates and cultured for 24 h. Then, they were treated 

with the compounds at concentrations ranging from 0.4 to 400 μM for 72 h. At that time, media was 

replaced by fresh phenol-free DMEM medium (Wisent) containing 0.3 mg/mL XTT. After 4 h of 

incubation, the absorbance was measured at 450 nm using a microplate spectrophotometer (Synergy H1, 

Biotek, Québec, Canada). Experiments were performed in triplicate. Control assays were performed in 

the presence of compounds and in the absence of cells, as well as in the presence of cells and in the 

absence of compounds (with 0.1% DMSO) and were used to assess maximal cytotoxicity. The 

percentage of cells viability was calculated at each concentration for each compound. 

 

4.7. In vitro Acetylcholinesterase (AChE) activity assay 

In vitro AChE activity was assessed according to Ellman's colorimetric method (Ellman et al., 1961), 

with some modifications using the Acetylcholinesterase Assay Kit (Abcam). Compounds were dissolved 

in DMSO at 100 mM. Galanthamine hydroxybromide (Tocris Bioscience, Bristol, UK, 2016) dissolved 

in H2O at 50mM was used as standard compound. Samples were diluted in Assay Buffer to a final 

concentration ranging from 0.001 to 1000 μM. The AChE stock solution was prepared by resuspension 

in 0.1% bovine serum albumin/double distilled (dd) H2O at 50 U/mL first and then dissolved in Assay 

Buffer at 0.25 U/mL, right before the assay. The substrates acetylthiocholine iodide and 5,5′-dithiobis-

2-nitrobenzoic acid (DTNB) were dissolved in ddH2O and assay buffer, respectively. For the enzymatic 
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reaction in 96-well plates, samples (50 μL) were mixed with AChE solution (45 μL) and the reaction 

was started by the addition of 5 μL of Ellman's mixture (acetylthiocholine and DNTB). Following an 

incubation of 5 min at room temperature, the absorbance was measured at 412 nm using a microplate 

spectrophotometer every 2 min for 10 min (Synergy H1, Biotek, Québec, Canada). Negative control was 

performed in the absence of enzyme, whereas positive control was assayed in the absence of compound 

(with 0.1% DMSO). All experiments were performed in triplicates, and the percentage of anti-AChE 

activity was calculated according to the following formula: ((E − S)/E)×100, where E is the activity of 

enzyme without test sample and S is the activity of the enzyme with the test sample. 

 

4.8. Statistical analysis 

Results are presented as bar plots or curves with dots showing the mean with error bars+/-standard 

deviation of the mean. Statistical analyses were performed using the GraphPad Prism 8 software. The 

means of 2 variables (e.g. inhibition or cytotoxicity and concentration) were compared between groups 

using a two-way ANOVA with Dunnet's multiple comparisons test. Results were considered significant 

when the p-value (p) < 0.05. 
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Table 1 
1H,13C NMR and HMBC data of gigantelline and gigantellinine (1 and 2)a,b. 

 

 
a 2D 1H, 1H (COSY) and13C, 1H (HSQC) NMR experiments confirmed the correlations of all the protons and the 

corresponding carbons. 
b Coupling constants (J) are given in parenthesis. 
c Multiplicities were assigned with DEPT. 
d These two signals are in part overlapped. 
e These protons are magnetically equivalent. 
f These protons are magnetically equivalent. 
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Table 2 
1H,13C NMR and HMBC data of gigancrinine (3).a,b

 
a 2D 1H, 1H (COSY) and 13C, 1H (HSQC) NMR experiments confirmed the 

correlations of all the protons and the corresponding carbons. 
b Coupling constants (J) are given in parenthesis. 
c Multiplicities were assigned with DEPT. 
d These two signals are overlapped. 
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Table 3 

Comparison between experimental and calculated NMR data of gigancrinine (3). 

 
a With the GIAO method at ωB97X-D/6-31G(d) level, empirical corrections 

according to (Hehre et al., 2019). 

b Root-mean-square deviation between experimental and calculated values. 

c Fermi contact term calculated at ωB97X-D/pcJ-0 level. 

d Too small to be measured. 
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Table 4 

Anti-acetylcholinesterase activity of the alkaloids extracted from C. jagus, expressed in μM. 

 
a Not significant (n.s.) when the IC50 was not reached and 

not determined (n.d.) when the compound could not be 

assayed because of its polarity. 

b It was used as hydrobromide. 
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Figure Legend 

 

 

Figure 1. Structures of the isolated compounds (1–9). 

Figure 2. The key correlations observed in the HMBC and NOESY spectra of alkaloids 1–3. 

Figure 3. Experimental ECD spectra of gigantelline (1) (black solid line), gigantellinine (2) (blue dotted 

line) and cherylline (5) (green dashed line) measured in methanol (ca. 3 mM, 0.1 cm cell). (For 

interpretation of the references to color in this figure legend, the reader is referred to the Web version of 

this article.) 

Figure 4. UV–vis absorption (top) and ECD spectra (bottom) of gigancrinine (3) measured in 

acetonitrile (solid lines, 8.0 mM, 0.01 cm cell) compared with spectra calculated for 

(1R,2R,3R,4aR,10bS)-3 at the B3LYP/def2-TZVP/PCM level as Boltzmann average of 3 conformers at 

300 K (dotted lines). Calculated spectra were obtained as sums of Gaussian bands with 0.25 eV 

exponential halfwidth, red-shifted by 5 nm, ECD spectrum scaled by a factor 3. (For interpretation of 

the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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Fig. 1. Structures of the isolated compounds (1–9).
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Fig. 2. The key correlations observed in the HMBC and NOESY spectra of alkaloids 1–3. 
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Fig. 3. Experimental ECD spectra of gigantelline (1) (black solid line), gigantellinine (2) (blue 

dotted line) and cherylline (5) (green dashed line) measured in methanol (ca. 3 mM, 0.1 cm cell). 

(For interpretation of the references to color in this figure legend, the reader is referred to the 

Web version of this article.) 
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Fig. 4. UV–vis absorption (top) and ECD spectra (bottom) of gigancrinine (3) measured in 

acetonitrile (solid lines, 8.0 mM, 0.01 cm cell) compared with spectra calculated for 

(1R,2R,3R,4aR,10bS)-3 at the B3LYP/def2-TZVP/PCM level as Boltzmann average of 3 

conformers at 300 K (dotted lines). Calculated spectra were obtained as sums of Gaussian bands 

with 0.25 eV exponential halfwidth, red-shifted by 5 nm, ECD spectrum scaled by a factor 3. (For 

interpretation of the references to color in this figure legend, the reader is referred to the Web 

version of this article.) 

 
 

 


