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Abstract 

 

Cecropia pachystachya Trécul, also known as embauba of the family Urticaceae, is traditionally used in Brazilian medicine to 

manage diabetes, asthma, and cough. Previous studies have highlighted its diverse biological activities, including anti-inflammatory, 

cardiotonic, leishmanicidal, antidepressant-like, antioxidant, and antinociceptive effects. However, its antineoplastic potential remains 

unexplored. This study investigated the cytotoxic and apoptotic effects of C. pachystachya extract (CPE) on human lung cancer cell 

lines (H460, A549, and H2023) and non-tumorigenic human foreskin fibroblasts (BJ cells). The extract exhibited concentration-

dependent cytotoxicity across all cancer cell lines while sparing non-cancerous BJ cells. Further analyses using acridine 

orange/ethidium bromide (AO/EB) staining indicated that the observed cytotoxicity was mediated through the induction of apoptosis 

rather than necrosis. Liquid chromatography-electrospray ionization mass spectrometry (LC-ESI-MS) analysis identified chlorogenic 

acid (48%) and orientin (2.9%) as the major constituents of CPE. These findings suggest that C. pachystachya harbors bioactive 

compounds with selective anticancer properties, highlighting its potential as a promising candidate for the development of novel 

anticancer therapeutics. 
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Introduction 

 

Cancer remains one of the leading causes of mortality 

globally. Data from the National Cancer Institute, Brazil 

(Primo, 2023), estimate 704,000 new cases in Brazil each year 

of the triennium 2020-2022, with lung cancer among the five 

most frequent types, with approximately 30,000 new cases 

(Anon., 2020). This is an alarming number for public health; 

therefore, several studies have focused on the discovery of 

new and efficient methods for successful cancer treatment 

with minimal side effects (Torres et al., 2012). The search for 

anticancer compounds from plants has yielded promising 

results   (Aragão et al., 2012; Fukumasu et al., 2006, 2008; 

Fukumasu et al., 2011; Plengsuriyakarn et al., 2012). Studies 

on regional medicinal plants have further strengthened this 

evidence. Extracts of Acacia modesta and Opuntia 

monocantha have demonstrated significant anticancer activity 

by inducing apoptosis in liver cancer cells (Abid et al., 2022), 

and Nigella sativa extracts have exhibited selective pro-

apoptotic effects on human cancer cell lines (Maqbool et al., 

2019). In addition, Maqsood et al., (2015) reported that 

methanolic extracts from regional medicinal plants, including 

Withania coagulans and Artemesia scoparia, induced 88–

93% cytotoxicity in RD cells, nearly four times more effective 

than standard chemotherapeutics, highlighting the potential of 

regional plant extracts to induce apoptosis in cancer cells 

(Maqsood et al., 2015). The antineoplastic properties of plant 

extracts may be attributed to the presence of flavonoids (do C 

Maquiaveli et al., 2014; Moraes, 2007; Sartori, 2012). 

Flavonoids have been shown to have antioxidant, anti-

inflammatory, antiviral, and antitumor effects, among others 

(Do C Maquiaveli et al., 2014; Gazal et al., 2015; Jomova et 

al., 2025; Santos et al., 2001).  

Cecropia pachystachya Trécul, a member of the 

familly Urticaceae, is a native Brazilian plant that exhibits 

anti-inflammatory, renal protective, and cardiotonic effects 

(Consolini & Migliori, 2005; Consolini et al., 2006; do C 

Maquiaveli et al., 2014; Schinella et al., 2008), 

leishmanicidal activity (Cruz et al., 2013), antidepressant-

like effects (Gazal et al., 2014; Ortmann et al., 2016), 

antioxidant properties (Gazal et al., 2015; Ortmann et al., 

2016; Pacheco et al., 2014), antinociceptive and cytotoxic 

activities (Aragão et al., 2012), genotoxic effects 

(Daminani Mendonça et al., 2016) and preventive action in 

bipolar disorder (Gazal et al., 2015). This plant, popularly 

known as Embauba, is commonly used by the natives of 

South America as a natural remedy for diabetes, asthma, 

and cough (Bigliani et al., 2010; Consolini et al., 2006; 

Schinella et al., 2008). These therapeutic effects are likely 

attributable to the presence of polyphenolic compounds, 

including (+)-catechin, (-)-epicatechin, procyanidin B2, 

isoorientin, orientin, isovitexin, and chlorogenic acid. 

(Aragão et al., 2010; Costa et al., 2011; Cruz et al., 2013; 

Pacheco et al., 2014). In addition, a triterpene-enriched 
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fraction of C. pachystachya has shown selective 

cytotoxicity against prostate cancer PC3 cells, mainly 

through senescence induction (Rosa et al., 2020). In this 

study, we aimed to investigate the cytotoxic effects of C. 

pachystachya extract (CPE) on human lung cancer and 

non-cancerous fibroblast cell lines. 

 

Materials and Methods 

 

Plant material and preparation of Cecropia 

pachystachya extract: The leaves of C. pachystachya were 

collected from the University of São Paulo, Campus of 

Ribeirão Preto, São Paulo, Brazil (-21.167499, -

47.861759). The plant identified by Claudia do Carmo 

Maquiaveli was deposited in the ESA Herbarium at the 

Luiz de Queiroz College of Agriculture of the University 

(ESALQ), Piracicaba, São Paulo, Brazil, under voucher no. 

(132691) as a voucher specimen. 

This study employed the aqueous portion obtained from 

the acetone extract of C. pachystachya. Because acetone 

extraction is known to yield high levels of phenolic 

compounds (Rockenbach et al., 2008; Yilmaz & Toledo, 

2006). The leaves were briefly dried at 25°C for three days, 

powdered, and then macerated. Aliquots of 50 g of dried 

material were resolubilized and maintained in H2O-C3H6O 

(3:1) (Synth, Brazil) for 48 h. This mixture was subsequently 

filtered, and acetone was removed by distillation under 

reduced pressure (TE-211, Rotary Evaporator, Tecnal, 

Brazil). The resulting product was subjected to another 

fractionation using n-butanol (Synth, Brazil) to obtain two 

fractions: butanolic and aqueous (CPE) fractions. Both 

fractions were lyophilized (L-202, Lyophilizer – Liotop, 

Brazil) and resuspended in water for further use. 

 

Cell culture conditions: Three human lung cancer cell 

lines (A549, H2023, and H460) were kindly donated by Dr. 

Lucy M. Anderson, with technical assistance from Janet 

Fields at the Comparative Carcinogenesis Laboratory, 

National Cancer Institute (Fredericks, US). The cells were 

maintained in RPMI-1640 medium, which was 

supplemented with 10% fetal bovine serum (FBS), 2% 

GlutaMAXTM-I, and 1% antibiotic solution comprising 

10,000 Units/ml Penicillin and 10,000 µg/ml streptomycin 

(Invitrogen, Carlsbad, CA, USA). They were incubated at 

37 °C in a humidified environment with 5% CO₂. Non-

tumorigenic human foreskin fibroblast cells (BJ) were 

kindly provided by Dr. Fabiana F. Bressan from the 

Laboratory of Molecular Morphophysiology and 

Development (FZEA-USP) and used as a control. 
 

Cytotoxicity assay: To evaluate the cytotoxicity of the 

CPE, 2 × 103 cells were seeded per well in a 96-well plate 

and cultured under standard conditions. After 24 h, the 

medium was removed, and 8 different concentrations of 

CPE were added [1.6–200.0 µg/ml, six wells per 

concentration]. The cells were then incubated for an 

additional 48 h, and the assay was performed in 3 

independent experiments, each conducted in triplicate.  

Cytotoxicity was assessed using a colorimetric assay 

with MTT reagent (Sigma-Aldrich, St. Louis, MO, USA). 

MTT was diluted in DMEM (Invitrogen, Carlsbad, CA, 

USA) at a concentration of 5 mg/ml, and 10 µL of this 

solution was added to each well, followed by incubation 

for 2 h. To dissolve the formazan crystals, the medium was 

removed by inversion, and 0.04N HCl in 100µl of 

isopropyl alcohol (Synth, Diadema, SP, Brazil) was added. 

Absorbance data were acquired using a FLUOstar 

OPTIMA microplate reader (BMG Labtech, Germany). 

 

Cell death analysis: To determine the mode of action of 

CPE, treated and non-treated cells were exposed to a 

solution of 100µg/ml ethidium bromide (EB) (Sigma-

Aldrich; St. Louis, MO, USA) and 100µg/ml acridine 

orange (AO) (Sigma-Aldrich; St Louis, MO, USA), as 

previously described (Ribble et al., 2005). This double-

staining technique enabled the simultaneous identification 

of apoptosis and necrosis based on the properties of nucleic 

acid-binding dyes.  

In this assay, live cells exhibited normal nuclear 

morphology, organized cytoplasm, and green fluorescence; 

early apoptotic cells displayed condensed or fragmented 

chromatin with bright green nuclear staining; and late 

apoptotic cells showed both chromatin condensation and 

fragmentation accompanied by red nuclear staining. In 

contrast, necrotic cells resemble live cells in structure but 

exhibit red-stained nuclei (Ribble et al., 2005). To perform 

this test, only the cell line that presented the highest CPE 

cytotoxicity was analyzed. The analysis was performed after 

48 h of treatment by adding the EB/AO dye mixture. Cells 

were immediately analyzed by fluorescence microscopy 

using an inverted microscope (Nikon Eclipse TS100, Nikon, 

Japan) at 200× magnification. Images were captured using 

Nikon DS-Ri1 (Nikon, Tokyo, Japan). Approximately 100 

cells per well were counted using the ImageJ software 

(National Institutes of Health, Bethesda, MD, USA). Six 

wells were analyzed in each experimental group. 

 

LC-MS analysis of CPE: Liquid Chromatography-Mass 

Spectrometry (LC-MS) was conducted following the 

standardized protocol outlined by Cruz et al., (2013). The 

active components in CPE were analyzed using reverse-

phase liquid chromatography on an Acquity UPLC I-class 

system (Waters Corporation, USA) in conjunction with 

an Esquire 3000 Plus mass spectrometer (Bruker 

Daltonics, USA). The separation process employed an 

RP-amide column (Ascentis-Supelco, Sigma–Aldrich; 25 

cm × 4.6 mm; 5M). 

The samples were prepared at a concentration of 5 

mg/mL. Before injection, all samples were filtered through 

0.22 μm membrane filters to remove particulate matter and 

ensure reproducibility. The extract was prepared in 0.1% 

formic acid, and 10 µL aliquots were injected into the liquid 

chromatography (LC) system at a flow rate of 1 mL/min. 

The LC gradient was applied, ranging from 10% to 35% 

acetonitrile (CH₃CN) in an aqueous solution containing 

0.1% formic acid over a period of 30 minutes. Detection was 

carried out at a wavelength of 280 nm using diode array 

detection (DAD). The mass spectrometry (MS) analysis was 

conducted under the following conditions: capillary voltage 

of 4000 V, nebulizer pressure of 27 psi, dry gas flow of 7.0 

L/min, dry temperature of 320°C, and mass flow of 100 

L/min. The active constituents were identified by comparing 

the retention time (RT), mass spectra, and UV–Vis spectra 

with those of authentic standards. 
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Statistical analysis 

 

Statistical analyses were conducted using one-way 

ANOVA, followed by Dunnett’s post hoc test. A p-value 

of less than 0.05 was considered to be statistically 

significant. All analyses were performed using Prism 5.0 

software (GraphPad Software, USA).  

 

Results 
 

Cecropia pachystachya extract is cytotoxic for human 

cancer cells: CPE induced a concentration-dependent 

cytotoxic effect in all lung cancer cell lines tested (A549, 

H460, and H2023), with the H460 cell line being the most 

sensitive (Fig. 1 and Table 1), exhibiting an IC50 of 

38.1±3.3 µg/ml. In contrast, CPE had no effect on the non-

neoplastic cell line (BJ) used as a control (Fig. 1), even at 

the highest concentration tested (Table 1). 
 

 
 

Fig. 1. Cytotoxic effects of Cecropia pachystachya extract (CPE) 

on human lung cancer and non-neoplastic cell lines. 

 
Table 1. Half-maximal inhibitory concentration (IC₅₀) 

values of Cecropia pachystachya extract in human lung 

cancer and non-neoplastic cell lines. 

Cell lines Cecropia pachystachya (IC50 µg/ml) 

H460 38.1 ± 3.3 

A549 81.9 ± 22.1 

H2023 131.5 ± 15.1 

BJ Fibroblast > 200.0 

 

Three human lung cancer cell lines (A549, H460, and 

H2023) and a non-tumorigenic fibroblast cell line (BJ) 

were treated with increasing concentrations of CPE. A 

concentration-dependent cytotoxic effect was observed in 

all cancer cell lines, whereas the non-neoplastic BJ cells 

remained unaffected at all tested concentrations. 
 

Cecropia pachystachya extract induces apoptosis instead 

of necrosis in cancer cells: To determine the mode of action 

of CPE responsible for its cytotoxic effect in lung cancer 

cells, the H460 cell line was selected because of its low IC50 

[38.1 µg/mL] among the tested cell lines. A concentration-

dependent increase in apoptosis was observed in H460 lung 

cancer cells, as evidenced by a significant increase in the 

number of early and late apoptotic cells (Fig. 2B and C) 

following exposure to CPE concentrations ranging from 25 

to 200 µg/ml (p<0.0001; Fig. 2D). 

The control group consisted of live cells exhibiting 

intact membranes and normal nuclei (Fig. 2A). In contrast, 

CPE-treated cells showed signs of both early and late 

apoptosis at 25 and 50µg/ml (Fig. 2B and C). Early 

apoptotic cells displayed condensed chromatin and bright 

green nuclear staining, whereas late apoptotic cells showed 

condensed and fragmented chromatin with red-stained 

nuclei. Both concentrations resulted in a significant 

apoptotic index, and no necrotic cells were observed.  

These findings indicate that apoptosis induction by 

CPE is the primary mechanism underlying its cytotoxic 

effects on lung cancer cells. 

 

Phytochemical constituents of Cecropia pachystachya 

extracts: LC-ESI-MS analysis in the positive ion mode 

revealed that CPE contained 48% chlorogenic acid and 

2.9% orientin. Chlorogenic acid and orientin exhibited 

retention times (RT) of 11.316 and 15.042 min, 

respectively. The [M+H]+ ion peaks were observed at m/z 

355 and 449 for chlorogenic acid and orientin, 

respectively. Additionally, chlorogenic acid (CGA) 

displayed a characteristic fragment ion at 162.9 m/z (Fig. 

3). The RT and UV spectra of the authentic standards for 

chlorogenic acid and orientin were identical to those 

obtained from the samples. 

 

Discussion 

 

In this study, we demonstrated that the aqueous 

extract of C. pachystachya, which is rich in chlorogenic 

acid and orientin, selectively induced apoptosis in human 

lung cancer cell lines while exhibiting no cytotoxic 

effects on non-neoplastic fibroblast cells. These findings 

highlight the potential of C. pachystachya as a promising 

source of bioactive compounds with selective anticancer 

activities. Consistent with our findings, recent work also 

demonstrated that C. pachystachya extract exerts 

antitumoral activity in glioblastoma, reducing tumor 

growth In vivo and modulating oxidative stress and 

purinergic signaling (Bona et al., 2024). 

The biological effects of C. pachystachya have been 

extensively associated with its anti-inflammatory 

properties, which were initially demonstrated in a mouse 

model of carrageenan-induced paw edema. (Schinella et 

al., 2008). The authors identified compounds capable of 

inducing apoptosis in polymorphonuclear cells, 

contributing to reduced edema. Similarly, Aragão et al., 

(2012) reported significant anti-inflammatory effects of 

the methanolic extract of C. pachystachya (CPM) in a 

croton oil-induced ear edema model (Aragão et al., 2012). 

Subsequent studies have confirmed the anti-inflammatory 

efficacy of CPM in various In vivo models, which is 

sometimes comparable to that of standard drugs, such as 

indomethacin and dexamethasone (Pacheco et al., 2014). 

Another study demonstrated that administration of C. 

pachystachya extract alleviated kidney damage in rats 

subjected to nephrectomy by diminishing inflammation 

and lowering renal arginase activity. This protective 

effect was probably mediated by decreased expression of 

TGF-β, phosphorylated JNK, and arginase-related genes 

(Maquiaveli et al., 2014). 
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Fig. 2. Induction of apoptosis by Cecropia pachystachya extract in H460 lung cancer cells. 

(A) Untreated control cells displayed intact membranes and normal nuclei; (B) Cells treated with 25 µg/ml CPE showed early apoptotic 

features, such as condensed chromatin and bright green nuclei (yellow arrows); (C) Cells treated with 50 µg/mL CPE exhibited 

characteristics of late apoptosis, including fragmented chromatin and red-stained nuclei (red arrows); (D) Quantification of apoptotic 

cells revealed a statistically significant increase in early and late apoptosis following CPE treatment (***p<0.001). Magnification 10×. 

Scale bar = 100 µm 

 

 
 

Fig. 3. LC-ESI-MS profile of Cecropia pachystachya extract. 
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Representative chromatographic peaks indicated the 

presence of chlorogenic acid and orientin, with retention 

times of 11.316 and 15.042 min, respectively. The [M+H]+ 

ion for chlorogenic acid appeared at m/z 355, with a 

characteristic fragment ion at m/z 162.9. Orientin was 

detected at an m/z of 449. These spectral features matched 

those of the authenticated standards in the Japan MassBank 

database (chlorogenic acid: KOX00160; caffeic acid 

fragment: PR040213). 

Our results revealed that all tested lung cancer cell lines 

were sensitive to CPE, with H460 cells displaying at least 

twice the sensitivity compared to the other lines. This 

observation suggests variations in the molecular targets or 

resistance mechanisms across different lung cancer cells. 

Importantly, CPE exhibited no toxicity toward non-

neoplastic fibroblast cells within the tested concentration 

range (0-200 µg/ml), supporting its potential for the 

development of selective anticancer agents. Similarly, 

Ahmad et al., (2021) demonstrated that Terminalia chebula 

exerts pronounced cytotoxic effects (~79% cell death) 

against rhabdomyosarcoma cells, primarily via apoptotic 

pathways, reinforcing the relevance of phytochemical 

apoptotic agents in regional medicinal plants (Ahmad et al., 

2021). These findings are consistent with those reported for 

Euphorbia hirta extracts, which induced apoptosis and 

selective cytotoxicity against lung cancer NCI-H460 cells 

without affecting non-cancerous cells (Tran et al., 2020). 

A previous study by Aragão et al., (2012) reported the 

cytotoxic effects of CPM against human leukemia cells, 

including drug-resistant HL60 cells. Bcl-2 cell line. 

However, their evaluation was limited to a single 

concentration (20 µg/mL) and was based solely on cell 

viability assays without mechanistic characterization. They 

suggested that CPM might harbor pro-apoptotic compounds 

because of the similar inhibition percentages observed 

across cell lines, despite HL60.Bcl-2’s resistance to 

etoposide (Aragão et al., 2012). Our study expands on this 

by demonstrating that CPE induces apoptosis rather than 

necrosis, confirming the mechanism of cancer cell death.  

CGA, the major constituent of CPE along with 

orientin, has demonstrated chemopreventive activity in 

various models of chemical carcinogenesis in rats and mice 

(Belkaid et al., 2006; Matsunaga et al., 2002; Shimizu et 

al., 1999). Several studies have revealed CGA’s distinctive 

anticancer mechanisms, including the inhibition of matrix 

metalloproteinase expression (Jin et al., 2005), induction 

of apoptosis via caspase activation (Yang et al., 2012), 

activation and proliferation of immune cells (Dąbrowska et 

al., 2023), and inhibition of extracellular signal-regulated 

kinase (ERK) pathways (Yan et al., 2015). Moreover, 

CGA, which is abundant in coffee, has been demonstrated 

to trigger DNA damage preferentially in lung cancer cells 

compared to fibroblasts, reflecting its selective toxicity 

(Burgos-Morón et al., 2012). Orientin has been recognized 

for its radioprotective properties, protecting cellular 

components from radiation-induced damage (Nayak & 

Devi, 2005; Uma Devi & Satyamitra, 2004; Vrinda & Uma 

Devi, 2001). Orientin, found in Gleditsia triacanthos 

leaves exhibited cytotoxic activity against liver, breast, and 

colon cancer cells by promoting cell cycle arrest and 

apoptosis (Mohammed et al., 2014), which is consistent 

with our observations in lung cancer cells. 

Although CGA and orientin were identified as the 

major constituents of CPE, but in the present the study 

these compounds were not isolated individually. Therefore, 

the specific molecule or combination primarily driving the 

observed apoptotic effects remains unclear. In addition, no 

mechanistic assays, such as caspase activity or pathway 

validation, were performed to define the molecular basis of 

apoptosis induction. Finally, the results were limited to in 

vitro models, and In vivo validation will be essential to 

establish translational relevance. Future research should 

focus on isolating individual bioactive compounds, 

performing pathway-specific assays, and extending 

investigations into animal models to confirm the 

therapeutic potential of CPE. 
 

Conclusions 
 

In conclusion, our findings demonstrate that CPE, 

which is rich in CGA and orientin, selectively induces 

apoptosis in human lung cancer cells while sparing non-

cancerous fibroblasts. This supports its potential as a 

source for developing novel and selective anticancer 

therapeutics.  

 

Funding: This work was supported by Fundação de 

Amparo a Pesquisa do Estado de São Paulo, Process 

numbers 2022/09378-5, 2014/02493-7, 2024/14435–3, and 

2023/05099-7. 

 

Conflict of Interest: The authors declare no conflict of 

interest. 

 

Author’s Contribution: Arina Lázaro Rochetti performed 

the experiments, analyzed the data, and drafted the 

manuscript; Pedro Luiz Porfírio Xavier and Pedro Ratto 

Lisboa Pires assisted with cell culture experiments and 

cytotoxicity assays; Claudia do Carmo Maquiaveli 

contributed to plant identification, extract preparation, and 

phytochemical analysis; Edson Roberto da Silva conducted 

the LC-ESI-MS analysis and interpretation of 

phytochemical data; Alia Gul contributed to data 

interpretation and critical revision of the manuscript; Talal 

Jamil Qazi assisted with data analysis, manuscript editing, 

and literature review; Heidge Fukumasu conceptualized the 

study, supervised the research, secured funding, and 

critically revised and approved the final manuscript. 

 
References 
 

Abid, F., M. Saleem, T. Leghari, I. Rafi and T. Maqbool. 2022. 

Evaluation of In vitro anticancer potential of 

pharmacological ethanolic plant extracts Acacia modesta 

and Opuntia monocantha against liver cancer cells. Braz. J. 

Biol., 84: e252526. 

Ahmad, K.S., M. Rafi, B.H. Kiani, M. Ishtiaq and A. Mehmood. 

2021. Evaluation of anticancer activities of selected 

medicinal plants from Ganga Choti, Lesser Himalaya, Bagh, 

Azad Kashmir. Pak. J. Bot., 53(4): 1433-1440. 

Anonymous. 2020. Estimativa 2020: Incidência de câncer no 

Brasil. Instituto Nacional de Câncer (Ministério da Saúde), 

Rio de Janeiro, Brazil.https://portaldeboaspraticas.iff. 

fiocruz.br/biblioteca/estimativa-2020-incidencia-de-cancer-

no-brasil/ 



ARINA LÁZARO ROCHETTI ET AL., 6 

Aragão, D.M., I.V. Lima, J.M. Da Silva, P.M. Bellozi, C. da 

Costa Jde, G.M. Cardoso, E.M. de Souza-Fagundes and E. 

Scio. 2012. Anti-inflammatory, antinociceptive and 

cytotoxic effects of the methanol extract of Cecropia 

pachystachya Trécul. Phytother. Res., 27(6):926-930. 

Aragão, D.M.O., L. Guarize, J. Lanini, J. C. da Costa and R.M.G. 

Garcia. 2010. Hypoglycemic effects of Cecropia 

pachystachya in normal and alloxan-induced diabetic rats. J. 

Ethnopharmacol., 128(3): 629-633. 

Belkaid, A., J.-C. Currie, J. Desgagnés and B. Annabi. 2006. The 

chemopreventive properties of chlorogenic acid reveal a 

potential new role for the microsomal glucose-6-phosphate 

translocase in brain tumor progression. Cancer Cell Int., 6:7. 

Bigliani, M.C., E. Grondona, P.M. Zunino and A.A. Ponce. 2010. 

Effects of Cecropia pachystachya and Larrea divaricata 

aqueous extracts in mice. Hum. Exp. Toxicol., 29(7): 601-606. 

Bona, N.P., N.S. Pedra, L. Spohr, F. da Silva dos Santos and J.T. 

Saraiva. 2024. Antitumoral activity of Cecropia pachystachya 

leaves extract In vitro and In vivo model of rat glioma: Brain 

and blood effects. Mol. Neurobiol., 61(10): 8234-8252. 

Burgos-Morón, E., J.M. Calderón-Montaño, M.L. Orta, N. Pastor 

and C. Pérez-Guerrero. 2012. The coffee constituent 

chlorogenic acid induces cellular DNA damage and 

formation of topoisomerase I- and II-DNA complexes in 

cells. J. Agric. Food Chem., 60(30): 7384-7391. 

Consolini, A.E. and G.N. Migliori. 2005. Cardiovascular effects 

of the South American medicinal plant Cecropia 

pachystachya (ambay) on rats. J. Ethnopharmacol., 96(3): 

417-422. 

Consolini, A.E., M.I. Ragone, G.N. Migliori, P. Conforti and 

M.G. Volonté. 2006. Cardiotonic and sedative effects of 

Cecropia pachystachya Mart. (ambay) on isolated rat hearts 

and conscious mice. J. Ethnopharmacol., 106(1): 90-96. 

Costa, G.M., C.F. Ortmann, E.P. Schenkel and F.H. Reginatto. 

2011. An HPLC-DAD method to quantification of main 

phenolic compounds from leaves of Cecropia species. J. 

Braz. Chem. Soc., 22(6):1096-1102. 

Cruz, E.D.M., E.R. da Silva, C.D.C. Maquiaveli, E.S.S. Alves and 

J.F. Lucon. 2013. Leishmanicidal activity of Cecropia 

pachystachya flavonoids: Arginase inhibition and altered 

mitochondrial DNA arrangement. Phytochemistry, 89: 71-77. 

Dąbrowska, I., J. Grzędzicka, A. Niedzielska and O. Witkowska-

Piłaszewicz. 2023. Impact of chlorogenic acid on peripheral 

blood mononuclear cell proliferation, oxidative stress, and 

inflammatory responses in racehorses during exercise. 

Antioxidants, 12(11): 11924. 

Daminani Mendonça, E., J. da Silva, M.S. Dos Santos, P. 

Carvalho, D.K.M. Papke and C.F. Ortmann. 2016. 

Genotoxic, mutagenic and antigenotoxic effects of Cecropia 

pachystachya Trécul aqueous extract using In vivo and In 

vitro assays. J. Ethnopharmacol., 193: 214-220. 

Do C Maquiaveli, C., E.R. da Silva, H.D. Francescato, R.S. Costa 

and C.G. Silva. 2014. Brazilian embauba (Cecropia 

pachystachya) extract reduces renal lesions in 5/6 

nephrectomized rats. J. Renin Angiotensin Aldosterone Syst., 

15(4): 430-439. 

Do C Maquiaveli, C., E.R. da Silva, H.D.C. Francescato, R.S. 

Costa and C.G.A. Silva. 2014. Brazilian embauba 

(Cecropia pachystachya) extract reduces renal lesions in 

5/6 nephrectomized rats. J. Renin Angiotensin Aldosterone 

Syst., 15(4): 

Fukumasu, H., A.O. Latorre and M.L. Zaidan-Dagli. 2011. 

Paullinia cupana Mart. var. sorbilis, guaraná, increases 

survival of Ehrlich ascites carcinoma (EAC) bearing mice by 

decreasing cyclin-D1 expression and inducing a G0/G1 cell 

cycle arrest in EAC cells. Phytother. Res., 25(1): 11-16. 

Fukumasu, H., J.L.L. Avanzo, M.K.K. Nagamine, J.A.A. Barbuto 

and K.V.V. Rao. 2008. Paullinia cupana Mart. var. sorbilis, 

guaraná, reduces cell proliferation and increases apoptosis of 

B16/F10 melanoma lung metastases in mice. Braz. J. Med. 

Biol. Res., 41(4): 305-310. 

Fukumasu, H., T.C. da Silva, J.L. Avanzo, C.E. de Lima and I. I. 

MacKowiak. 2006. Chemopreventive effects of Paullinia 

cupana Mart. var. sorbilis, the guaraná, on mouse 

hepatocarcinogenesis. Cancer Lett., 233(1): 158-164. 

Gazal, M., C.F. Ortmann, F.A. Martins, E.L. Streck and J. 

Quevedo. 2014. Antidepressant-like effects of aqueous extract 

from Cecropia pachystachya leaves in a mouse model of 

chronic unpredictable stress. Brain Res. Bull., 108: 10-17. 

Gazal, M., F.N. Kaufmann, B.A. Acosta, P.S. Oliveira & M.R. 

Valente. 2015. Preventive effect of Cecropia pachystachya 

against ketamine-induced manic behavior and oxidative 

stress in rats. Neurochem. Res., 40(7): 1555-1563. 

Jin, U.H., J.Y. Lee, S.K. Kang, J.K. Kim and W.H. Park. 2005. A 

phenolic compound, 5-caffeoylquinic acid (chlorogenic 

acid), is a new type and strong matrix metalloproteinase-9 

inhibitor: isolation and identification from methanol extract 

of Euonymus alatus. Life Sci., 77(22): 2760-2769. 

Jomova, K., S.Y. Alomar, R. Valko, J. Liska and E. Nepovimova. 

2025. Flavonoids and their role in oxidative stress, 

inflammation, and human diseases. Chem. Biol. Interact., 

413: 111489. 

Maqbool, T., S.J. Awan, S. Malik, F. Hadi and S. Shehzadi. 2019. 

In vitro anti-proliferative, apoptotic and antioxidative 

activities of medicinal herb Kalonji (Nigella sativa). Curr. 

Pharm. Biotechnol., 20(15): 1288-1308. 

Maqsood, M., R. Qureshi, M. Ikram, S. Ali and M. Rafi. 2015. 

Preliminary screening of methanolic plant extracts against 

human rhabdomyosarcoma cell line from Salt Range, 

Pakistan. Pak. J. Bot., 47(1): 353-357. 

Maquiaveli, C.C., E.R. da Silva, L.C. Rosa, H.D.C. Francescato 

and J.F. Lucon Júnior. 2014. Cecropia pachystachya extract 

attenuated the renal lesion in 5/6 nephrectomized rats by 

reducing inflammation and renal arginase activity. J. 

Ethnopharmacol., 158: 49-57. 

Matsunaga, K., M. Katayama, K. Sakata, T. Kuno and K. 

Yoshida. 2002. Inhibitory effects of chlorogenic acid on 

azoxymethane-induced colon carcinogenesis in male F344 

rats. Asian Pac. J. Cancer Prev., 3(2): 163-166. 

Mohammed, R.S., A.H. Abou Zeid, S.S. El Hawary, A. A. Sleem 

and W.E. Ashour. 2014. Flavonoid constituents, cytotoxic 

and antioxidant activities of Gleditsia triacanthos L. leaves. 

Saudi J. Biol. Sci., 21(6): 547-553. 

Moraes, R.H. 2007. Avaliação do comportamento de flavonas e 

flavonóis frente à celulose microcristalina em estado sólido. 

M.Sc. thesis, Univ. Federal do Paraná, Brazil. 

Nayak, V. and P.U. Devi. 2005. Protection of mouse bone marrow 

against radiation-induced chromosome damage and stem 

cell death by the Ocimum flavonoids orientin and vicenin. 

Radiat. Res., 163(2): 165-171. 

Ortmann, C.F., G.Z. Réus, Z.M. Ignácio, H.M. Abelaira and S.E. 

Titus. 2016. Enriched flavonoid fraction from Cecropia 

pachystachya Trécul leaves exerts antidepressant-like behavior 

and protects brain against oxidative stress in rats subjected to 

chronic mild stress. Neurotox. Res., 29(4): 469-483. 

Pacheco, N.R., N.D.C.C. Pinto, J. Mello da Silva, R.D.F. Mendes 

and J.D.C. da Costa. 2014. Cecropia pachystachya: A species 

with expressive In vivo topical anti-inflammatory and In vitro 

antioxidant effects. Biomed. Res. Int., 2014: 301294. 

Plengsuriyakarn, T., V. Viyanant, V. Eursitthichai, P. Picha and 

P. Kupradinun. 2012. Anticancer activities against 

cholangiocarcinoma, toxicity and pharmacological activities 

of Thai medicinal plants in animal models. BMC 

Complement. Altern. Med., 12: 23. 

Primo, W.Q.S.P. 2023. National Cancer Institute and the 2023–

2025 estimate – cancer incidence in Brazil. Rev. Bras. 

Ginecol. Obstet., 45(1): 1-2. 



SELECTIVE PRO-APOPTOTIC EFFECTS OF CECROPIA PACHYSTACHYA IN LUNG CANCER 

 

7 

Ribble, D., N.B. Goldstein, D.A. Norris and Y.G. Shellman. 

2005. A simple technique for quantifying apoptosis in 96-

well plates. BMC Biotechnol., 5: 12. 

Rockenbach, I.I., G.L. da Silva, E. Rodrigues, E.M. Kuskoski and 

R. Fett. 2008. Influência do solvente no conteúdo total de 

polifenóis, antocianinas e atividade antioxidante de extratos 

de bagaço de uva (Vitis vinifera) variedades Tannat e 

Ancelota. Cienc. Tecnol. Aliment., 28: 238-244. 

Rosa, H.H., P. Carvalho, C.F. Ortmann, N.F.Z. Schneider and 

F.H. Reginatto. 2020. Cytotoxic effects of a triterpene-

enriched fraction of Cecropia pachystachya on the human 

hormone-refractory prostate cancer PC3 cell line. Biomed. 

Pharmacother., 130: 110551. 

Santos Ricardo, K.F., T.T. de Oliveira, T.J. Nagem, A. da Silva 

Pinto and M.G.A. Oliveira.  2001. Effect of flavonoids 

morin, quercetin and nicotinic acid on lipid metabolism of 

rats experimentally fed with triton. Braz. Arch. Biol. 

Technol., 44(3): 263-267. 

Sartori, C.J. 2012. Avaliação dos compostos fenólicos nas cascas 

de Anadenanthera peregrina (Angico vermelho). M.Sc. 

thesis, Univ. Federal de Lavras, Brazil. 

Schinella, G., S. Aquila, M. Dade, R. Ginerand M.D.C. Recio. 

2008. Anti-inflammatory and apoptotic activities of pomolic 

acid isolated from Cecropia pachystachya. Planta Med., 

74(3): 215-220. 

Shimizu, M., N. Yoshimi, Y. Yamada, K. Matsunaga and K. 

Kawabata. 1999. Suppressive effects of chlorogenic acid on N-

methyl-N-nitrosourea-induced glandular stomach 

carcinogenesis in male F344 rats. J. Toxicol. Sci., 24(5): 433-439. 

Torres, M.P., S. Rachagani, V. Purohit, P. Pandey and and S. 

Joshi. 2012. Graviola: A novel promising natural-derived 

drug that inhibits tumorigenicity and metastasis of 

pancreatic cancer cells In vitro and In vivo through altering 

cell metabolism. Cancer Lett., 323(1): 29-40. 

Tran, N., M. Nguyen, K.P.B. Le, N. Nguyen and Q. Tran. 2020. 

Screening of antibacterial activity, antioxidant activity, and 

anticancer activity of Euphorbia hirta Linn. extracts. Appl. 

Sci., 10(23): 8408. 

Uma Devi, P. and M. Satyamitra. 2004. Protection against 

prenatal irradiation-induced genomic instability and its 

consequences in adult mice by Ocimum flavonoids, orientin 

and vicenin. Int. J. Radiat. Biol., 80(9): 653-662. 

Vrinda, B. and P. Uma Devi. 2001. Radiation protection of human 

lymphocyte chromosomes In vitro by orientin and vicenin. 

Mutat. Res. Genet. Toxicol. Environ. Mutagen., 498(1-2): 

39-46. 

Yan, Y., J. Li, J. Han, N. Hou and Y. Song. 2015. Chlorogenic 

acid enhances the effects of 5-fluorouracil in human 

hepatocellular carcinoma cells through the inhibition of 

extracellular signal-regulated kinases. Anti-Cancer Drugs, 

26(5): 540-546. 

Yang, J.S., C.W. Liu, Y.S. Ma, S.W. Weng and N.Y. Tang. 2012. 

Chlorogenic acid induces apoptotic cell death in U937 

leukemia cells through caspase- and mitochondria-

dependent pathways. In vivo, 26(6): 971-978. 

Yilmaz, Y. and R.T. Toledo. 2006. Oxygen radical absorbance 

capacities of grape/wine industry byproducts and effect of 

solvent type on extraction of grape seed polyphenols. J. 

Food Compos. Anal., 19(1): 41-48. 

 


