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Abstract  

Costus spicatus Swartz exhibits notable biological properties due to its rich content of flavonoids and 

saponins, suggesting promising anti-inflammatory, antinociceptive, and antimicrobial properties. This study 

investigated the cytotoxic effects and molecular diversity of Costus spicatus extracts. Cytotoxicity assays 

revealed varying sensitivities across leaf, stem, and rhizome extracts, with ethanolic extracts generally 

exhibiting higher potency. Tandem mass spectrometry analysis identified eleven metabolites, including 
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polyphenols like quercetin and rutin. Higher levels of polyphenols were observed in leaf and stem extracts 

compared to rhizomes. Among these plant parts, the leaves emerged as the richest source of flavonoids, 

constituting 45.83% of the total flavonoid content. Hierarchical clustering analysis highlighted dissimilarities 

between extract types. Overall, Costus spicatus extracts displayed cytotoxic effects against tested cell lines, 

with ethanolic extracts showing greater potency. This comprehensive analysis provides valuable insights 

into the potential medicinal applications of Costus spicatus and its molecular composition.  

Keywords: Cytotoxicity; Costaceae; mass spectrometry; polyphenols; flavonoids; Hierarchical Clustering 

Analysis. 

Introduction   

Costus spicatus Swartz, a medicinal plant commonly referred to as "cana-do-brejo" in the northeastern 

region of Brazil, is an important member of the Costaceae family found in wet coastal forests. Traditionally, 

the rhizomes of this plant are used for various purposes, including as a diuretic, hypoglycemic agent, and 

treatment for cutaneous ulcers, infections, inflammation, urethritis, bladder and urethral complaints, as well 

as for expelling kidney stones[1,2].  

Metabolic profiling investigations have unveiled the presence of flavonol diglycosides in the leaves extracts, 

specifically identified as tamarixetin 3-O-neohesperidoside, kaempferide 3-O-neohesperidoside, quercetin 

3-O-neohesperidoside, along with tamarixetin 3-O-β-D-glucopyranoside, kaempferide 3-O-β-D-

glucopyranoside, quercetin 3-O-β-D-glucopyranoside, tamarixetin, kaempferide, and quercetin[3] 

Furthermore, steroidal saponins exhibiting a mild hemolytic effect have been isolated from the rhizome’s 

extracts[4]. Various other compound classes such as saponins, phenolic acids, tannins, alkaloids, and 

triterpenes have also been identified in Costus genus[5-8]. 

Notably, the methanol extract derived from the leaves of Costus spicatus has displayed anti-inflammatory 

properties in the carrageenan test, attributed to its interference with the synthesis of inflammatory mediators. 

This suggests the extract's potential as an antinociceptive and anti-inflammatory agent in rodents[9]. 

Moreover, flavonol glycosides isolated from the leaf’s extracts have demonstrated inhibitory activity on nitric 

oxide production, implying a potential anti-inflammatory effect by inhibiting certain macrophage functions 

involved in the inflammatory process[10]. Additionally, reports indicate that the phytochemical extract of C. 

spicatus, with a majority chemical composition of secondary metabolites from the flavonoid class, possesses 

antinociceptive properties possibly through interaction with the opioid system[11]. Furthermore, antimicrobial 

activities have also been documented[12]. 

Evaluating metabolic coverage to detect bioactive constituents and identify metabolites linked to 

pharmacological properties necessitates the use of modern analytical tools. In this context, Mass spectrometry 

(MS) is an essential tool for screening bioactive molecules in medicinal plants, enabling the identification of 

metabolites responsible for pharmacological properties. Given that the isolation and structural elucidation of 

chemical components from complex matrices is a time-consuming and labor-intensive process, metabolomic 

approaches using advanced analytical technologies have become crucial for discovering new bioactive 

compounds. MS stands out as the technique of choice due to its ability to analyze a wide range of chemical 

species with diverse physicochemical properties, even in trace amounts, from complex metabolite mixtures. 

https://creativecommons.org/licenses/by/4.0/
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However, the large volume of spectral data generated by MS requires robust tools for data exploration and 

organization to effectively profile the metabolome of target species[13-15]. 

Considering the pharmacological properties and metabolite diversity attributed to Costus spicatus, this study 

investigated the cytotoxic effects and the chemical profile of C. spicatus extracts. 

Experimental  

Plant material and MS analysis 

Leaves, stems, and rhizome of C. spicatus were extracted using ethanol and water. For metabolite 

fingerprinting, the samples were injected into a Thermo LTQ mass spectrometer using an electrospray 

ionization source (ESI) in positive and negative ionization mode (ESI (±)). The metabolite fingerprinting was 

obtained in positive and negative ionization mode (ESI (±)). The ESI source conditions were set as follows: 

the capillary temperature was 275 °C; Source Voltage: 4 kV; Sheath Gas Flow Rate: 9 arb; Aux Gas Flow 

Rate: 5 arb; Capillary Voltage 38 V; Tube Lens Voltage: 80 V; Sweep Gas Flow Rate: 0 arb; Flow Rate: 10 

uL/min. For MSn analysis, the collision energy for compound fragmentation was 20, 25, and 30 eV. The 

mass range in the full MS scanning experiments was m/z 100-1200. 

Structural annotation of metabolites and chemometric analysis 

The structural annotation was performed based on MSn fragmentation patterns. Tandem mass spectrometry 

data combined with chemometrics tools such as hierarchical cluster analysis (HCA) was applied as a fast 

and simple method to discriminate extracts with cytotoxic effect and trace bioactive metabolites. Structural 

annotation of the metabolites was carried out using in silico fragmentation tools like Sirius 5.5.7 and GNPS 

platform tools. 

Cell viability assay 

The ethanol and aqueous extracts obtained from the leaves, stem, and rhizome were evaluated for cytotoxic 

activity in human breast cancer cell line MDA-MB-231. 

To in vitro assay, the cells were maintained in culture bottles containing RPMI-1640 medium (Roswell Park 

Memorial Institute) supplemented with 10% (v/v) fetal bovine serum - FBS (Gibco), 1% (v/v) non-essential 

amino acids, and 0.5% (v/v) streptomycin/penicillin. The cells were incubated in a 37°C humidified 

atmosphere with 5% CO2 until reaching >85% confluence for the MTT cytotoxicity assay. 

Cytotoxicity of the extracts was assessed by the MTT colorimetric method [3-(4,5-dimethylthiazolyl-2)-2,5-

diphenyltetrazolium bromide]. C. spicatus extracts were prepared by dissolution in sterile dimethyl sulfoxide 

(DMSO) (20 mg/mL) and subsequently diluted to different concentrations. The cell suspension was prepared 

in supplemented RPMI medium. 100 μL/well of the cell suspension, at a density of 2 x 105 cells/mL, were 

seeded in a sterile 96-well plate and 10 μL of the tested extracts at different concentrations (333; 100; 33.3; 

and 10 μg/mL) were added and incubated for 48 hours in a 37°C, 5% CO2 incubator. After the test period, 

the supernatant was removed and 100 μL of supplemented RPMI medium and 10 μL of MTT solution were 

added, and the cells were incubated for 4 hours. Subsequently, the supernatant was again removed, and 

https://creativecommons.org/licenses/by/4.0/
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100 μL of DMSO was added. Optical density reading was measured at 570 nm using a microplate reader 

(Biochrom). 

Results and Discussion 

Mass spectrometry-based untargeted metabolomics approaches for structural annotation 

The putative metabolite annotation was performed through molecular structure searches in natural products 

databases and chemotaxonomic data from genus Costus. 

Tandem mass spectrometry data combined with database searches and computer-assisted fragmentation, 

was used to analyze the molecular diversity and metabolite content of the leaves, stem, and rhizome 

extracts. Metabolite annotation was based on MS/MS fragmentation patterns. A total of 115 hits were 

obtained for leaves, 92 hits for stem, and 64 hits for rhizome extract, resulting in the metabolite annotation 

of eleven metabolites (citric acid, caffeic acid, ferulic acid, caffeic acid derivative, vicenin-2, apigenin, rutin, 

quercetin 3-O-glucoside, luteolin 3-O-glucoside, tamarixetin, kaempferide and quercetin) (FIGURE 1). 

FIGURE 1: Secondary metabolites annotated by MSn analysis of Costus spicatus. 

 
 

The molecular profiling displayed various secondary metabolite classes including terpenes, steroids, 

alkaloids, flavonoids, tannins, phenolic acids, and simple phenols. The analysis revealed higher levels of 

polyphenols in leaves and stem extracts samples (33.6% and 21.3%, respectively) compared to the rhizome 

(19.2%). Flavonoids were the most abundant class of secondary metabolites, with higher intensity in the 

ethanolic extracts of leaves and rhizomes and lower intensity in the aqueous extract of leaves. Terpenes 

and simple phenols were the classes with the lowest content, while phenolic acids showed high abundance 

in the ethanolic extracts of the stem and in the aqueous extract of leaves. Tannins were predominantly 

detected in the aqueous extracts (FIGURE 2). 
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FIGURE 2: Polar Heatmap graph with Dendrogram of HCA representing sample similarities and abundance of the 
secondary metabolite classes Flavonoids, Terpenes, Phenolic acids, Simple phenols, and Tannins distributed in the 
aqueous and ethanolic extracts of the leaves, stem, and rhizome of Costus spicatus. 

 
 

The Van Krevelen diagram (FIGURE 3) of ethanolic extracts from Costus spicatus highlights the chemical 

diversity of metabolites across leaves, stem, and rhizome, with distinct clustering patterns reflecting their 

metabolic profiles. Regions in the diagram correspond to specific metabolite classes: phenolic acids and 

flavonoids, with high O/C ratios, cluster in the upper-left, while terpenes and alkaloids, with lower O/C and 

higher H/C ratios, occupy the lower-right. Saponins, with intermediate ratios, are also present. The rhizome 

shows broader variability, while the leaves and stem form more distinct clusters, showcasing the structural 

diversity of the plant's secondary metabolites. 

FIGURE 3: Van Krevelen diagram representing the ethanolic extracts of the leaves (green), stem (yellow), and rhizome (blue) 
of Costus spicatus. The O/C (oxygen/carbon) ratio is plotted on the vertical axis, while the H/C (hydrogen/carbon) ratio is on 
the horizontal axis, highlighting differences in the molecular composition of compounds extracted from these plant parts.  
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An analysis of the abundance of flavonoids distributed in the leaves, stem, and rhizome of Costus spicatus 

revealed intriguing results. Among these plant parts, the leaves emerged as the richest source of flavonoids, 

constituting 45.83% of the total flavonoid content. Following closely, the stem exhibited a considerable 

presence, accounting for 30.56% of flavonoids, while the rhizome displayed a comparatively lower 

concentration at 23.6%. 

Further examination delved into the variations within different extracts derived from these plant parts. The 

aqueous extract of the leaves demonstrated modest flavonoid content, measuring up to 13.89%, whereas 

its ethanolic counterpart revealed a substantially higher concentration, reaching 31.94%. Similarly, the 

aqueous extract of the rhizome displayed a notable presence of flavonoids, recording at 15.29%, whereas 

its ethanolic extract displayed a lower concentration at 8.33%. Lastly, the aqueous extract of the stem 

contained 11.11% of flavonoids, while the ethanolic extract exhibited a slightly higher concentration, 

measuring at 19.44% (FIGURE 4). 

FIGURE 4: Flavonoids abundance distributed in the aqueous and ethanolic extracts of the leaves, stem, and rhizome of 
Costus spicatus. 

 
 

To assess the chemical composition similarity and relationships between sample molecular profiles, HCA 

and Venn diagrams were employed. HCA grouped ethanolic and aqueous extracts samples together with a 

60% similarity, highlighting their dissimilarity. The leaves and stem extract samples exhibited low similarity, 

whereas the stem and rhizome samples were grouped in the same cluster (FIGURE 5). 

FIGURE 5: Hierarchical Clustering Analysis (HCA) from ESI (+) mass spectra data representing the similarity between 
extracts samples (aqueous and ethanolic extracts of leaves, stem, and rhizome) of Costus spicatus.  
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The Venn diagram illustrates the unique and shared compounds detected in aqueous and ethanolic extracts 

from leaves, stem, and rhizome of Costus spicatus. In the rhizome extract, 64 unique ions were identified, 

whereas leaves and stem extracts exhibited 16 and 257 unique ions, respectively. Notably, all three extracts 

shared 77 ions. Specifically, 16 ions were shared between stem and leaves, 32 between stem and rhizome, 

and only 3 between rhizome and leaves. Additionally, box charts demonstrate distinctive ion distributions 

across the m/z range for each extract, providing valuable insights into the chemical composition variations 

among different plant parts (FIGURE 6). 

FIGURE 6: Venn diagram displaying the number of compounds detected in the aqueous and ethanolic extracts of the 
leaves, stem, and rhizome of Costus spicatus and box chart highlighting distinctive ion distributions across the m/z range 
for each extract. 

 
Cell viability assessment from Costus spicatus extracts 

The aqueous leaf extract showed cytotoxic effects with cell viability below 70% only at the highest 

concentration (333 µg/mL). On the other hand, the ethanolic leaf extract exhibited cytotoxicity at a 

concentration of 100 µg/mL, with 50% cell viability. The aqueous stem extract had a similar profile, 

demonstrating cytotoxicity only at concentrations lower than 100 µg/mL, while its ethanolic extract displayed 

cell viability lower than 70% only at the highest concentration (333 µg/mL). Concerning the aqueous rhizome 

extract, this sample-maintained cell viability even at high concentrations. However, the ethanolic extract 

showed cell viability below 20% at a concentration of 333 µg/mL and did not exhibit cytotoxicity at lower 

concentrations (FIGURE 7). The cytotoxic effects noticed in the extracts could be attributed to the wide range 

of polyphenols, particularly flavonoids and phenolic acids, identified in the bioactive extracts[16]. 
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FIGURE 7: Cell viability of the aqueous and ethanolic extracts of the leaves, stem, and rhizome of Costus spicatus using 
the human breast cancer cell line MDA-MB-231 at concentrations 10, 33.3, 100 and 333 µg/mL. 

 

Conclusion 

In conclusion, the cytotoxic effects observed in the leaf and stem extracts of Costus spicatus underscore 

their potential as sources of bioactive compounds with therapeutic applications. The differential cytotoxicity 

between aqueous and ethanolic extracts suggests varying concentrations of active constituents, with 

ethanolic extracts generally exhibiting greater potency. Tandem mass spectrometry analysis revealed a 

diverse array of metabolites across different plant parts, with a notable abundance of polyphenols in leaves 

and stem extracts compared to rhizomes. The molecular profiling further highlighted dissimilarities between 

extract types and provided insights into the chemical composition and relationships within Costus spicatus, 

paving the way for further exploration of its medicinal properties. 

Funding Sources 

Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES); Conselho Nacional de 

Desenvolvimento Científico e Tecnológico (CNPq). 

Conflict of Interest 

Disclosure statement: No potential conflict of interest was reported by the authors. 

Acknowledgment 

The authors acknowledge financial support from the Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior (CAPES); Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq). 

https://creativecommons.org/licenses/by/4.0/


  

9 
Revista Fitos. Rio de Janeiro. 2026; 20(1): e1851 | e-ISSN: 2446-4775 | www.revistafitos.far.fiocruz.br | CC-BY 4.0 

Cytotoxicity assessment and molecular diversity through mass spectrometry 
analysis of Costus spicatus 

Guarneire et al. 

Contributors  

Study design: GJG; NML; BJT 

Data curation: GJG; NML; GSS; NSB 

Data collection: BJT; RRR; SA; SGSNC 

Data analysis: GJG; NML, NSB; TJASA; BJT; RRR; SA 

Writing of the original manuscript: NML; GJG; NSB  

Writing the review and editing: APC; SBRC; CCSA; TJASA  

References 

1. Manfred L. 7000 Recetas Botanicas a Base de 1,300. Pl Medicin Americ. Buenos Aires: Editorial Kier. 
1947. 

2. Carriconde C, Morais D, Von Fritschen M, et al. Pl Medicin Aliment. Olinda, Brazil: Centro Nordestino 
de Medicina Popular. Universidade Federal Rural de Pernambuco. 1996. 

3. da Silva BP, Bernardo RR, Parente JP. Flavonol glycosides from Costus 
spicatus. Phytochemistry. 2000; 53(1): 87-92. [https://doi.org/10.1016/S0031-9422(99)00441-0].  

4. Silva BP, Bernardo RR, Parente JP. A new steroidal saponin from the rhizomes of Costus spicatus. Pl 
Med. 1999; 65(03): 285-287. [https://doi.org/10.1055/s-2006-960782].  

5. Azevedo LFP, Faria TSA, Pessanha FF, Araujo MF, Lemos GCS. Triagem fitoquímica e atividade 
antioxidante de Costus spicatus. Rev Bras Pl Medic. 2014; 16: 209-215. [https://doi.org/10.1590/S1516-
05722014000200007]. 

6. Devendran G, Sivamani G. Phytochemical analysis of leaf extract of plant Costus spicatus by GCMS 
method. J Drug Deliv Therap. 2015; 24-26. [https://doi.org/10.22270/jddt.v5i4.1160].  

7. Paes LDS, Mendonça MS, Casas LL. Aspectos Estruturais e fitoquímicos de partes vegetativas de Costus 
spicatus (Costaceae). Rev Bras Pl Medic. 2013; 15: 380-390. [https://doi.org/10.1590/S1516-
05722013000300011].  

8. Kumar A, Maurya AK, Chand G, Agnihotri VK. Comparative metabolic profiling of Costus speciosus leaves 
and rhizomes using NMR, GC-MS and UPLC/ESI-MS/MS. Nat Prod Res. 2018; 32(7): 826-833. 
[https://doi.org/10.1080/14786419.2017.1365069].  

9. Quintans Junior LJ, Santana MT, Melo MS, de Sousa DP, Santos IS, Siqueira RS, et al. Antinociceptive 
and anti-inflammatory effects of Costus spicatus in experimental animals. Pharm Biol. 2010; 48(10): 1097-
1102. [https://doi.org/10.3109/13880200903501822].  

10. Fang SH, Rao YK, Tzeng YM. Inhibitory effects of flavonol glycosides from Cinnamomum osmophloeum 
on inflammatory mediators in LPS/IFN-γ-activated murine macrophages. Bioorg Med Chem. 2005; 13(7): 
2381-2388. [https://doi.org/10.1016/j.bmc.2005.01.050].  

11. Maleki-Dizaji N, Fathiazad F, Garjani A. Antinociceptive properties of extracts and two flavonoids isolated 
from leaves of Danae racemosa. Arch Pharm Res. 2007; 30: 1536-1542. 
[https://doi.org/10.1007/BF02977322].  

12. Silva DN, Gonçalves MJ, Amaral MT, Batista MT. Antifungal activity of a flavonoid-rich fraction from 
Costus spicatus leaves against dermatophytes. Pl Med. 2008; 74(09): PA90. [https://doi.org/10.1055/s-
0028-1084088].  

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0031-9422(99)00441-0
https://doi.org/10.1055/s-2006-960782
https://doi.org/10.1590/S1516-05722014000200007
https://doi.org/10.1590/S1516-05722014000200007
https://doi.org/10.22270/jddt.v5i4.1160
https://doi.org/10.1590/S1516-05722013000300011
https://doi.org/10.1590/S1516-05722013000300011
https://doi.org/10.1080/14786419.2017.1365069
https://doi.org/10.3109/13880200903501822
https://doi.org/10.1016/j.bmc.2005.01.050
https://doi.org/10.1007/BF02977322
https://doi.org/10.1055/s-0028-1084088
https://doi.org/10.1055/s-0028-1084088


  

10 
Revista Fitos. Rio de Janeiro. 2026; 20(1): e1851 | e-ISSN: 2446-4775 | www.revistafitos.far.fiocruz.br | CC-BY 4.0 

Cytotoxicity assessment and molecular diversity through mass spectrometry 
analysis of Costus spicatus 

Guarneire et al. 

13. Domínguez I, Frenich AG, Romero-González R. Mass spectrometry approaches to ensure food safety. 
Anal Methods. 2020; 12: 1148–1162. [https://doi.org/10.1039/C9AY02681A].  

14. Lu H, Zhang H, Chingin K, Xiong J, Fang X, Chen H. Ambient mass spectrometry for food science and 
industry. TrAC - Trends Anal Chem. 2018; 107: 99–115. [https://doi.org/10.1016/j.trac.2018.07.017].  

15. Jorge TF, Rodrigues JA, Caldana C, Schmidt R, Dongen JT, et al. Mass spectrometry‐based plant 
metabolomics: Metabolite responses to abiotic stress. Mass Spectrom Rev. 2016; 35: 620–649. 
[https://doi.org/10.1002/mas.21449].  

16. Martino R, Barreiro Arcos ML, Peralta I, Marrassini C, Saint Martin EM, Cogoi L, et al. Antiproliferative 
activity of aqueous and polyphenol-rich extracts of Larrea divaricata Cav. on a melanoma cell line. Nat Prod 
Res. 2022; 36(17): 4425-4428. [https://doi.org/10.1080/14786419.2021.1980789].  

Histórico do artigo | Submissão: 07/04/2025 | Aceite: 22/10/2025  
Como citar este artigo: Guarneire GJ, Lima NM, Silva GD, Balbino NS, et al. Cytotoxicity assessment and molecular diversity through 
mass spectrometry analysis of Costus spicatus. Rev Fitos. Rio de Janeiro. 2026; 20(1): e1851. e-ISSN 2446.4775. Disponível em: 
<https://doi.org/10.32712/2446-4775.2025.1851>. Acesso em: dd/mm/aaaa. 
Licença CC BY 4.0: Você está livre para copiar e redistribuir o material em qualquer meio; adaptar, transformar e construir sobre este 
material para qualquer finalidade, mesmo comercialmente, desde que respeitado o seguinte termo: dar crédito apropriado e indicar se 
alterações foram feitas. Você não pode atribuir termos legais ou medidas tecnológicas que restrinjam outros autores de realizar aquilo que 
esta licença permite. 

      

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1039/C9AY02681A
https://doi.org/10.1016/j.trac.2018.07.017
https://doi.org/10.1002/mas.21449
https://doi.org/10.1080/14786419.2021.1980789
https://creativecommons.org/licenses/by/4.0/

