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ABSTRACT 

A phytochemical investigation of cytotoxic extract and fractions of Cnidoscolus quercifolius 

Pohl led to isolation of five terpenoids, including three lupane-type triterpenes (1-3) and two 

bis-nor-diterpenes (4-5). Compounds 4 (phyllacanthone) and 5 (favelanone) are commonly 

found in this species and have unique chemical structure. Although their cytotoxic activity 

against cancer cells has been previously reported, the anticancer potential of these molecules 

remains poorly explored. In this paper, the antimelanoma potential of phyllacanthone (PHY) 

was described for the first time. Cell viability assay showed a promising cytotoxic activity 

(IC50 = 40.9 µM) against chemoresistant human melanoma cells expressing the BRAF 

oncogenic mutation (A2058 cell line). After 72 h of treatment, PHY inhibited cell migration 

and induced apoptosis and cell cycle arrest (p < 0.05). Immunofluorescence assay showed that 

the pro-apoptotic effect of PHY is probably associated with tubulin depolymerization, 

resulting in cytoskeleton disruption of melanoma cells. Molecular docking investigation 

confirmed this hypothesis given that satisfactory interaction between PHY and tubulin was 

observed, particularly at the colchicine binding site. These results suggest PHY from C. 

quercifolius could be potential leader for the design of new antimelanoma drugs. 

 

Keywords: apoptosis; cancer; cytoskeleton; diterpene; melanoma. 

 

Highlights  

- Bioguided purification led to the isolation of phyllacanthone (PHY) from C. quercifolius. 

- PHY inhibited cell proliferation and migration, and induced apoptosis and cell cycle arrest. 

- Pro-apoptotic effect of PHY was associated with tubulin depolymerization. 

- New PHY-structure based molecules could be designed to obtain antimelanoma drug 

candidates. 
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1. Introduction 

 Melanoma is an aggressive malignant tumor derived from melanocytes. Although it 

represents only 2% of all skin cancer cases, melanoma is responsible for about 90% of total 

skin cancer-related deaths [1]. Its aggressive nature is mainly explained by genomic 

alterations and their post-transcriptional consequences [2]. Melanoma cells express 

proliferative signaling pathways that are constitutively activated. Overactivation of the RAS-

RAF-MEK pathway is observed in about 90% of melanomas and the predominant mutation 

affects the BRAF gene in 50-70% of cases. Its tumor progression is strongly associated with 

apoptosis escape mechanisms, neovascularization stimulation, up-regulation of 

immunosuppressive factors and inhibition of immune checkpoints [3,4].  

 Antimelanoma therapy includes the use of cytokines (e.g. IL-2 and IFN-α), as well as 

monoclonal antibodies (e.g., CTLA-4 and PD-1/2 receptor inhibitors) that reactivate immune 

checkpoints, enhancing the lymphocyte antitumor response [5,6]. Another recent therapeutic 

approach is based on the use of cytotoxic molecules targeting mutated signaling pathways. 

BRAF inhibitors (e.g., vemurafenib, dabrafenib and encorafenib) and MEK inhibitors (e.g., 

cobimetinib, trametinib and binimetinib) are the main representatives of targeted therapy and 

offer a better anti-tumor response compared to conventional anticancer drugs such as 

alkylating agents, antimitotic agents, and other apoptosis inducers [7-9]. However, tumor 

response to targeted therapy is not sustained on a long-term basis due to resistance 

mechanisms acquired during treatment, which requires the use of increasing doses. In this 

sense, the search for new anti-melanoma molecules remains a challenge for researchers in the 

field. 

Cnidoscolus quercifolius Pohl (syn. C. phyllacanthus (Mull. Arg.) Pax & L. Hoffm.) is 

a Brazilian medicinal plant, endemic to the Caatinga biome and popularly known as “favela”, 

“faveleira” or “urtiga-branca”. In folk medicine, this species is commonly used to treat 
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hemorrhoids, kidney disorders, ophthalmological diseases, injuries, urinary tract infection and 

inflammation [10]. Phytochemical studies have reported the isolation of lupane-type 

triterpenes and bis-nor-diterpenes from C. quercifolius (syn. C. phyllacanthus) [11-15]. 

Previous pharmacological investigations have evaluated the antiproliferative effect of ethanol 

extracts from C. quercifolius [16]. Bis-nor-diterpenes isolated from C. quercifolius showed 

significant cytotoxic effect on several tumor cell lines, including breast (MCF-7), leukemia 

(HL-60 and P-388), and lung (NCI-H292) cancer cells [17].  Nevertheless, the antimelanoma 

potential of C. quercifolius and its isolated compounds is still unknown. In this paper, we 

have described a bioguided purification that has led to the isolation of a bis-nor-diterpene 

(phyllacanthone, PHY) with cytotoxic activity against human melanoma cells expressing the 

oncogenic BRAF mutation. 

 

2. Materials and Methods  

 

2.1. Plant material 

 Stembarks of C. quercifolius were collected in a typical Caatinga area, located in 

Petrolina, state of Pernambuco, Brazil (Coordinates: 09° 03ˈ 55.30ˈˈˈ S, 040° 20ˈ 06.90ˈˈˈ W), 

in February 2013. Botanical identification was confirmed by Viseldo Ribeiro de Oliveira, and 

a voucher specimen (n° 19202) has been deposited at the Herbário Vale do São Francisco 

(HVASF), Universidade Federal do Vale do São Francisco (UNIVASF). All procedures for 

access to genetic patrimony and associated traditional knowledge were carried out and the 

project was registered in SisGen (Register #A65F584). 

 

2.2. General 
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1
H and 

13
C NMR spectra were obtained on a Bruker Ascend spectrometer operating at 

400 and 100 MHz, respectively. NMR spectra were obtained in deuterated chloroform 

(CDCl3) using tetramethylsilane (TMS) as an internal standard, with chemical shifts 

expressed in ppm (δ) and coupling constants (J) in Hz. 

 

2.3. Extraction and bioguided fractionation 

 Dried and pulverized stembarks of C. quercifolius (1,481 g) were extracted with 

ethanol, yielding 392 g of ethanol extract (EE, 26.46%). During the preparation of EE, it was 

observed the formation of a white precipitate that, after repeated washing with methanol, 

resulted in 26 mg of white colored crystals (mixture of compounds 1 and 2), soluble in 

chloroform. An aliquot of EE (50 g) was fractioned by column chromatography under 

vacuum (CCUV), using silica gel 60 (230-240 mesh, 500 g) as stationary phase. Hexane, 

chloroform, ethyl acetate and methanol were used as solvents, in increasing order of polarity, 

yielding hexane (0.13 g), CHCl3 (16.59 g), AcOEt (10.26 g) and MeOH (21.44 g) fractions, 

respectively. After pharmacological evaluation, CHCl3 fraction (12 g) was fractionated by 

CCUV (silica gel 60, 240 g), using hexane (3.0 l), hexane-CHCl3 (1:1, 3.0 l), CHCl3 (2.0 l), 

CHCl3-AcOEt (1:1, 2.0 l), AcOEt (1.0 l) and MeOH (1.0 l) as solvents, resulting in six 

subfractions of different polarity. Hexane-CHCl3 (1:1) subfraction (2.7 g) was loaded to 

preparative TLC and eluted with hexane-AcOEt (92.5:7.5, v/v), resulting in the isolation of 

compounds 3 (91 mg, white solid), 4 (402 mg, yellow crystals) and 5 (12 mg, colorless 

crystals), all soluble in CHCl3 (Figure 1). 
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Figure 1. General bioguided fractionation scheme of Cnidoscolus quercifolius stembarks. 

 

2.4. Cell culture 

All pharmacological assays were performed using A2058 (ATCC
®
 CRL-11147™) cell 

line. A2058 are highly invasive epithelial adherent melanoma cells expressing the BRAF
V600E

 

oncogenic mutation [18]. They are tumorigenic at 100% frequency in nude mice, and 

considered as resistant to conventional anticancer drugs [19]. Cells were grown to confluence 

in 75 cm² flasks in DMEM supplemented with 10% fetal calf serum (FCS) and 1% penicillin-

streptomycin, in a 5% CO2 (37 °C) humidified atmosphere.  

 

2.5. Cell viability assay 
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 Samples were solubilized in DMSO before dilution in the cell culture medium. The 

DMSO final concentration was lower than 1% and tested as negative control. A2058 cells (2 x 

10
3
/well) were treated with EE and fractions (25–400 µg/mL) and isolated compounds (1–200 

µM). Vemurafenib (1–200 µM) was used as standard drug. After 72h, cell viability was 

measured using the MTT assay as previously described [20,21]
.
 Cell morphology was 

evaluated after treatments under inverted phase contrast microscope (Nikon, Eclipse, France). 

IC50 was calculated by nonlinear regression analysis using Prism 6.0 (GraphPad Software). 

 

2.6. Annexin-V/6-CFDA assay 

 Melanoma cells were incubated in 4-well slides (5 x 10
3
/well) for 24 h and then 

exposed to PHY (20, 50 and 100 µM) during 72 h. After treatments, cells were washed with 

PBS and double stained with annexin V-Cy3 (red fluorescence) and 6-carboxyfluorescein 

diacetate (6-CFDA, green fluorescence) solution, according to manufacturer’s 

recommendations (Sigma-Aldrich
®
, France). Cells were observed under fluorescence 

microscope (ZEISS Axion Observer, France) [19].  

 

2.7. Caspase-3 activity 

 Caspase-3 activity was determined using a colorimetric assay (CASP3C kit, Sigma-

Aldrich®, France) as previously reported. Cells (2.5 mL of a cell suspension at 5 x 10
5
 

cel.mL
-1

) were incubated in 75 cm
2
 flasks and exposed to cell culture medium (12.5 mL, 

negative control) or PHY (20, 50 and 100 µM) for 72 h. After treatments, cells were washed 

with PBS, lysed with lysis buffer and the caspase activity (µmol pNA/min/mL) was measured 

according to manufacturer’s recommendations.  

 

2.8. Cell cycle analysis 



8 
 

 Cell cycle analysis was performed by flow cytometry, using propidium iodide (PI) 

staining. Melanoma cells were grown in control culture medium or treated with PHY (20, 50 

and 100 µM) for 72 h. Then, cells were stained in PBS containing PI 100 µg.mL
-1

, RNAse A 

100 µg.mL
-1 

and 0.1% Triton X-100 (ThermoFisher Scientific, France), at 37 °C for 15 min. 

After staining, melanoma cells were analyzed using a FACS Cantoll flux cytometer (BD 

Biosciences, France) equipped with an air cooled blue LASER (λ = 488 nm, 20 mW), as 

previously described [19,22]. 

 

2.9. Cell migration assay 

 Cell migration was determined by the wound healing assay as previously described 

[23]. A2058 cells (2 x 10
3
/well) were grown in 24-well plates to 90% confluence. Cell 

monolayers were scratched with a sterile plastic tip, washed with PBS solution and incubated 

in a new cell culture medium containing PHY (20 and 50 µM) for 24 h. Cell migration was 

recorded using a ZEISS Axion Observer microscope in living cell mode (one 

photomicrograph every 10 min). Cell migration was calculated at 0, 3, 6, 12 and 24h of 

treatment by measuring the cell surface using ImageJ
® 

software. 

 

2.10. Immunofluorescence assay for α-tubulin staining 

 A2058 cells were grown in 4-well culture slides (1 x 10
4
/well) for 24 h, washed with 

PBS and then exposed to PHY (20, 50 and 100 µM) or nocodazole (50 nM) for 24 h. Cells 

were fixed with 4% paraformaldehyde in PBS, for 15 min at 37 °C. After fixation, cells were 

permeabilized and saturated with a 3% BSA solution containing 0.1% Triton X100 in PBS, 

and then incubated overnight at 4 °C with a mouse anti-α-tubulin-FITC monoclonal antibody 

(Sigma-Aldrich
®
, France) at 1:50 dilution in PBS. Cells were washed with PBS and nucleus 

staining was performed with a DAPI solution during 15 min at room temperature. 
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Photomicrographs were taken on a Zeiss fluorescence microscope (ZEISS Axion Observer, 

France). 

 

2.11. Docking study 

 Molecular docking was performed to investigate the possible interaction modes of 

PHY with tubulin. The analyses were made using as standard two different crystallographic 

complexes, containing nocodazole or colchicine, which are compounds slightly displaced in 

near binding sites between the A and B domains of tubulin [24]. These complexes were 

obtained from RCSB protein data bank [24,25] (https://www.rcsb.org/), under the codes PDB 

IDs: 4O2B and 5CA1. These two complexes were chosen because nocodazole was used in 

experimental protocols and colchicine has a remarkably similar structure with PHY, having 

both the same mechanism of action in near sites. In view of this, both complexes were 

considered as important molecular hypotheses for comparisons.  

 All the calculations were made using the Autodock Vina [26] module of Autodock and 

AutodockTools packages [27]. Vina contains a more recent algorithm that provides better 

results in comparison with the original Algorithms of Autodock, with a smallest 

computational coast [26].  

 Before docking procedures, an initial geometry optimization of the non-

crystallographic ligand was made through the PM3 semiempirical Hamiltonian, using the 

Gaussian 09W package [28], at CENAPAD-UFC cluster architecture 

(http://www.cenapad.ufc.br/). Redocking procedure was performed using the crystallographic 

structure of colchicine and nocodazole complexes, considering a grid box with dimensions of 

14 x 14 x 14 Å and internal spacing of 1.0 Å (default of Vina). The same parameters were 

used for the docking of PHY. 3D and 2D images were generated respectively with Chimera 

1.13.1rc [29] and Biovia Discovery Studio Visualizer [30].  
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2.12. Statistical analysis 

 All results are presented as mean ± standard error of the mean (SEM), from at least 

three independent measurements (n=3). Statistical analysis was performed using one-way 

analysis of variance (ANOVA) followed by Dunnett's multiple comparisons test. Values of  p 

< 0.05 were considered statistically significant. All analyses were performed using GraphPad 

Prism 6.0 software (GraphPad Prism Software, Inc., San Diego, CA, USA). 

 

3. Results and Discussion 

 

3.1. Bioguided fractionation of CHCl3 fraction and chemotaxonomic significance 

 The cytotoxic potential of ethanol extract and fractions obtained after CCV was 

investigated using the MTT test. After 72 hours of treatment, CHCl3 fraction showed high 

cytotoxic activity against A2058 cells, exhibiting IC50 = 15.05 µg/ml. For this reason, we 

have chosen this fraction for the isolation of bioactive metabolites. Classical chromatographic 

procedures (column chromatography followed by TLC) resulted in the isolation of 

compounds 3, 4 and 5. A mixture of two probable triterpenes (1/2) was also obtained directly 

from EE.  

 

Table 1. Cytotoxic activity (IC50, µg/ml)
a
 of isolated compounds (1–5), ethanol extract (EE) 

and fractions (CHCl3, AcOEt and MeOH) obtained from stem-barks of C. quercifolius. 

Vemurafenib (vemu) was used as standard drug. 

Extract/fraction EE CHCl3 AcOEt MeOH - 

IC50 (µg/ml)* 15.52 ± 1.01 15.05 ± 1.04 28.51 ± 1.05 > 200 - 

Compound 1/2 3 4 5 Vemu 
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IC50 (µg/ml) > 200 µM > 200 µM 40.90 µM 161.90 µM 5.63 µM 

a
Concentration required for 50% cell growth inhibition. 

*
Results are expressed as mean ± 

S.E.M. 

 

All isolated compounds were unambiguously identified by NMR (1D and 2D) 

analysis, as well as comparison with data reported in the literature. Compounds 1 and 2 were 

identified as an inseparable mixture of the lupeol-3β-O-cinnamate and lupeol-3β-O-

dihydrocinnamate triterpenes [11]. Compound 3 was identified as lupeol-3β-O-hexanoate 

[31]. Compounds 4 and 5 were identified as the bis-nor-diterpenes phyllacanthone [11] and 

favelanone [14], respectively. Chemical structures of the compounds are shown in Figure 2. 

NMR data are shown in supplementary material. 

 

 

Figure 2. Chemical structures of compounds isolated from CHCl3 fraction.  
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 Many lupane-type triterpenes have been reported in the Cnidoscolus genus. Lupeol 

was purified from C. quercifolius [17], C. multilobus (Pax) Johnst (and C. texanus (Muell.-

Arg.) Small (syn.: Jatropha texanus Muell.-Arg.) extracts. Lupeol-3β-O-acetate was also 

reported in C. texanus and C. multilobus [32]. Lupeol-3β-O-nanoate was isolated from C. 

quercifolius [17] and C. vitifolius [31]. In this investigation, we describe the isolation and 

characterization of three lupane-type triterpenes: lupeol-3β-O-cinnamoyl (1), lupeol-3β-O-

dihydrocinnamoyl (2) and lupeol-3β-O-hexanoate (3) from the stembarks of C. quercifolius. 

Compounds 1 and 2 are commonly reported in this species [11,17]. In contrast, this study is 

the first to report the presence of 3 in C. quercifolius. We also described the isolation of two 

bis-nor-diterpenes (4 and 5). Phyllacanthone (4) was commonly and exclusively found in C. 

quercifolius [11,14,15,17], suggesting that this compound is a chemical marker of this plant. 

 

3.2. Cytotoxic activity of phyllacanthone (PHY) 

 After obtention, all isolated compounds were tested against melanoma cells (1 – 200 

µM). As shown in table 1, compound 4 (phyllacanthone, PHY) demonstrated moderate 

cytotoxic potential, presenting IC50 = 40.9 µM. Remaining molecules were inactive (1/2 and 

3, IC50 > 200 µM) or weakly active (5, IC50 = 161.9 µM). PHY inhibited cell growth in a 

concentration-dependent manner, resulting in cell mortality increased by 82% upon treatment 

with 100 µM (Figure 3). As A2058 is considered a drug resistant cell line [19,21,33], we 

performed complementary assays to better understand the antimelanoma potential of PHY. 
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Figure 3. Effect of PHY on A2058 cells viability. Cells were grown in the presence of 

increasing concentrations of PHY (1 – 200 µM) for 72h and then cell viability was 

determined by MTT assay. Growth inhibition values are expressed as mean ± SEM (A). 

Photomicrographs (B) show reduction of cell density after 72h of exposure to increasing 

concentrations of PHY (20, 50 and 100 µM), compared to untreated cells (control).   

 

3.4. PHY induces apoptosis in A2058 cells 

 Given that apoptosis is one of the most common mechanisms evoked by natural 

cytotoxic molecules, the pro-apoptotic effect of PHY was determined by double fluorescence 

staining with annexin-V and 6-CFDA. As shown in figure 4, PHY (50 and 100 µM) increased 

the number of annexin-V and 6-CFDA double-stained cells compared to untreated cells 

(control), indicating a significant pro-apoptotic effect. Treated cells also showed typical 

apoptotic features, including rounding cell, cell shrinkage and blebbing, especially after PHY 

100 µM treatment. No morphological changes were evidenced in control cells.  

 

Control PHY 20 µM

PHY 50 µM PHY 100 µM

(A) (B)
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Figure 4. Pro-apoptotic effect of PHY (20, 50 and 100 µM) on A2058 melanoma cells. 

Photomicrographs were obtained after 72h of treatment using annexin-V/6-CFDA double 

staining.  

 

 Caspase-3 activity was measured to confirm the pro-apoptotic activity of PHY. 

Caspase activation is one of the most important hallmarks of apoptosis. This family of 

proteases recognize and cleave target proteins only after an aspartic acid residue. Caspase-3 is 

an effector caspase and displays essential role in both intrinsic and extrinsic apoptosis 

pathways. It cleaves multiple cellular substrates, including DNA, cell membrane components, 
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and cytoskeleton proteins, resulting in cell dismantling and apoptosis [34]. After 72h of 

treatment, PHY (20, 50 and 100 µM) increased caspase-3 activity compared to untreated cells 

(p<0.05), confirming its capacity to induce apoptosis in melanoma cells (Figure 5). 

 

 

Figure 5. Caspase-3 activation induced by PHY (20, 50 and 100 µM). Data are expressed as 

mean ± SEM, *p<0.05 (vs. control group), according to ANOVA one-way followed by 

Dunnett’s post-test (n = 3). 

 

3.5. PHY induces cell cycle arrest 

 To assess whether the cytotoxic effect of PHY was associated with changes in cell 

cycle progression, A2058 cells were treated with different concentrations of the diterpene (20, 

50 and 100 µM) and analyzed by flow cytometry. Cell cycle phases distribution was 

determined according to DNA content, stained with propidium iodide solution, as previously 

reported [33]. After 72h of treatment, PHY promoted a significant G0/G1 and S cell arrest at 

the expense of G2/M cell population (p<0.05), confirming the previously observed pro-

apoptotic effect (Figure 6).   
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Figure 6. Effects of PHY (20, 50 and 100 µM) on different phases of the cell cycle (Sub-G1, 

G0/G1, S, G2/M). After 72h of treatment, cells were stained with propidium iodide solution 

and measured by flow cytometry as shown in the quantitative cell phases distribution (A) and 

in the representative histograms (B). Data are expressed as mean ± SEM (n = 3), *p<0.05 (vs. 

control group, untreated cells) according to one-way ANOVA followed by Dunnett’s post-

test. 
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3.6. PHY inhibits cell migration 

 As melanoma cells have high invasive and metastatic potential, it is suitable to 

evaluate the effect of new antimelanoma agents on cell migration. In this study, A2058 cells 

were treated with PHY (20 and 50 µM) and cell motility was assessed by wound healing 

assay. As presented in Figure 6, PHY (50 µM) reduced cell migration into the zone free of 

cells during all the experiment (3 – 24h), compared to untreated cells (p<0.05). Cell migration 

inhibition is often associated with alterations in key proteins of the cell cytoskeleton, such as 

actin filaments and microtubules [35,36]. These proteins ensure not only increased cell 

resistance but are also capable of inducing cell remodeling during cell migration, which is 

essential for tumor development.  Considering that PHY was able to induce cell cycle arrest at 

G0/G1 and inhibit cell migration, we evaluated its influence on the polymerization of tubulin, 

a microtubule-forming protein.  
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Figure 7. Effet oh PHY (20 and 50 µM) on cell migration after 3, 6, 12 and 24h of treatment 

(A). Photomicrographs illustrate cell migration into the zone free of cells according to the 

treatment (B). Data are expressed as mean ± SEM, *p<0.05 (vs. control, ANOVA one-way 

followed by Dunnett’s post-test), from at least three independent measurements.  
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3.7. PHY induces tubulin depolymerization 

 To assess the effect of PHY on cytoskeleton integrity, melanoma cells were exposed to 

PHY (20, 50 and 100 µM) for 24h and then microtubules were stained with a FITC-

conjugated anti-α-tubulin monoclonal antibody. DAPI was employed to stain DNA content 

and cells were visualized under fluorescence microscope. As expected, untreated cells 

(control) appeared as fusiform cells with ramifications, presenting typical structural network, 

with tubulin chains anchored near the cell-cell contact sites and organized along the apical-

basis axis (Figure 8). In contrast, PHY-treated cells (especially with 50 and 100 µM) showed 

cell shrinkage and rounding morphology with accumulation of tubulin near the nucleus. The 

same cell alterations were observed after treatment with nocodazole (50 nM), a standard 

cytotoxic molecule capable of interacting with α-tubulin residues and destabilizing 

microtubule formation. 
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Figure 8. Effect of PHY (20, 50 and 100 µM) and nocodazole (50 nM) on α-tubulin 

polymerization after 24h of treatment. Cells were fixed, permeabilized and α-tubulin was 

stained with a FITC-conjugated anti-α-tubulin monoclonal antibody. Photomicrographs were 

taken under fluorescence microscope. Note intact microtubule network in untreated A2058 

cells, while PHY(50 and 100 µM) and nocodazole-treated cells showed rounding morphology 

and perinuclear accumulation of tubulin.  

 

 Cytoskeleton disruption is a cellular event closely linked to apoptosis. Activation of 

effector caspases, such as caspase-3, triggers cleavage of several proteins which are important 
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for maintaining cell integrity, including cytoskeleton proteins, transmembrane and nuclear 

proteins. Consequently, cells exhibit reduced remodeling capacity, limited motility, 

cytoplasmic contraction, and nuclear fragmentation, resulting in the formation of apoptotic 

bodies [37]. Combined, pharmacological data show that the cytotoxic effect of PHY seems to 

be associated with a pro-apoptotic activity involving cytoskeleton dismantling via tubulin 

depolymerization, as observed for nocodazole. Concerning antimelanoma therapy, there is no 

clinically used drug that exerts anticancer activity via tubulin depolymerization to date. To 

confirm this hypothesis, we describe next a molecular docking study using tubulin and PHY 

chemical structures. 

 

3.8. Docking study 

Molecular docking procedures were performed to evaluate a possible interaction 

between PHY and tubulin. This protein can be modulated by nocodazole (NOC) (compound 

used as standard in experimental protocol) and colchicine (COL), compounds with great 

structural differences that interact in proximal but different binding sites, displaced between 

the A and B domains of tubulin [24]. This difference in binding site as well as in the structural 

profile of these two compounds corresponds to the binding with different amino acids.  

Redocking procedures were performed with complexes between tubulin and the 

crystallographic ligands nocodazole and colchicine. Table 2 shows that both redocking 

procedures had success, with RMSD values for the best poses of NOC and COL lower than 

2.0 Å, with energy values less than -8.0 Kcal/mol. Figure 9 illustrates the best redocked 

geometries, showing the excellent match and then validating the Vina algorithm for these 

systems.  
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Table 2. Binding energies (Kcal/mol) and RMSD values for all the docked compounds. 

Entry Compound 

Binding Energy 

(Kcal/mol) 

RMSD 

crystal (Å) 

RMSD u.b. 

(Å) 

RMSD l.b. 

(Å) 

1 Colchicine (best) -10.0 0.188 - - 

2 Nocodazole (best) -9.0 1.085 - - 

3 PHYcol (conf. 1) -8.3 - 0.000 0.000 

4 PHYcol (conf. 2) -8.0 - 2.292 6.553 

5 PHYcol (conf. 3) -8.0 - 2.069 6.475 

6 PHYcol (conf. 4) -7.8 - 2.233 3.478 

7 PHYcol (conf. 5) -7.4 - 2.247 4.071 

8 PHYcol (conf. 6) -7.3 - 1.368 1.825 

9 PHYcol (conf. 7) -6.9 - 2.385 4.455 

10 PHYcol (conf. 8) -6.7 - 2.144 6.263 

11 PHYcol (conf. 9) -6.6 - 2.075 3.055 

12 PHYnoc (conf. 1) -4.2 - 0.000 0.000 

13 PHYnoc (conf. 2) -3.2 - 3.113 6.119 

14 PHYnoc (conf. 3) -1.8 - 2.386 6.009 

15 PHYnoc (conf. 4) -1.6 - 1.757 2.489 

16 PHYnoc (conf. 4) -1.3 - 1.710 6.778 

*“col” indicates the docking using the tubulin originally complexed with colchicine. “noc” indicates the use of 

nocodazole complex. “RMSD crystal” is related to the crystallographic conformations; “RMSD u.b.” matches 

each atom in one conformation with itself in the other conformation, ignoring any symmetry; “RMSD l.b.” 

matches each atom in one conformation with the closest atom of the same element type in the other 

conformation, being calculated as the maximum value between atoms c1,c2 and c2,c1. 
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Figure 9. 3D images and 2D diagrams for the best poses of redocking results (structures in 

green) for colchicine (A1 and A2) and nocodazole (B1 and B2), comparing with the 

correspondent crystallographic ligands (in orange). Colors in 2D diagrams: in green, 

conventional hydrogen bonds; in light blue, carbon hydrogen bond; in purple, pi-sigma bond; 

in dark yellow, pi-sulfur bond; in pink, alkyl or pi-alkyl bond. 

 

Considering the results of PHY dockings, Table 2 shows that the best energy 

conformations were founded considering the specific binding site of colchicine, where the 

energy value of the best pose was -8.3 Kcal/mol. On the other hand, poor interactions were 

made by PHY considering the binding site of nocodazole (-4.2 for the best pose). The number 
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of poses generated by Vina algorithm was different because this software ranks the 

conformations and shows only the most representative (nine using COL binding site and five 

using NOC binding site) of each subset of near conformers. In general, we can attribute these 

results to the structural profile of this diterpene, which is closer to the colchicine considering 

the three fused rings, the atom types and then their physical-chemical profile and possibilities 

of interactions. Figure 10 shows in details the interactions of PHY docked in the colchicine 

binding site from tubulin. As presented in the figure, the partially symmetrical distribution of 

the atoms and rings in PHY structure can explain the flip in some conformations with near 

energy values (the poses with a distance 0.5 Kcal/mol from the best pose are presented in the 

Figure 10).  
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Figure 10. (A1) the four best poses for PHY in the colchicine binding site of tubulin (green 

sticks – best 1; gray wireframe – best 2; blue wireframe – best 3; magenta wireframe – best 

4). (A2) The best pose (-8.3 Kcal/mol) in 2D diagram (Colors in 2D diagrams: in green, 

conventional hydrogen bonds; in light blue, carbon hydrogen bond; in purple, pi-sigma bond; 

in pink, alkyl or pi-alkyl bond). (B) 3D representation of tubulin (blue chains) and colchicine 

binding site containing PHY (compound in green). 
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4. Conclusion 

A bioguided purification approach led to the isolation of phyllacanthone (PHY), a 

cytotoxic bis-nor-diterpene commonly found in C. quercifolius stembarks. This compound 

inhibited cell proliferation and migration, and induced apoptosis and cell arrest in both G0/G1 

and S phases. Immunofluorescence assays suggested these findings were related to 

cytoskeleton disruption promoted by a tubulin depolymerization effect. Molecular docking 

data confirmed this hypothesis and revealed satisfactory interaction between PHY and 

tubulin, particularly at the colchicine binding site. From this study, it will be possible to 

design new PHY-structure based molecules to obtain antimelanoma drug candidates. 
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