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Introduction

Cancer was the second leading cause of death in 2020, and oral squamous cell carcinoma (OSCC) stands
out for the high mortality and low survival rate, and poor treatment evolution in the last 30 years (World
Health Organization, 2020; Scully and Bagan 2009). Therefore, the development of new treatments
becomes necessary. Plants of the Equisetum genus are popularly used in the treatment of various diseases,
they have anti-inflammatory, antioxidant and antimicrobial effects (Churqui; Lind et al., 2018, Li; Wang
et al., 2012). The aim of this study was to perform phytochemical analysis of the E.hyemale stem (EHS),
evaluation of the antiproliferative effect and determination of the cell death pathway induced by the
extracts in the OSCC.

Material and Methods

Ethanolic crude extract was prepared from the stem of Equisetum hyemale and clonogenic assays
and cell viability assays were performed with MTT using SCC9. Subsequently, the crude stem extract was
partitioned into liquid/liquid fractions in hexane (EHH), dichloromethane (EHD) and ethyl acetate (EHA)
and the MTT assay repeated using SCC4, SCC 25 cells and primary culture human fibroblasts. The 1Cso
was calculated by non-linear regression curve in the GraphPadPrism 7 software. As a positive control,
Carboplatin chemotherapy was used. The cell death pathway was analyzed with time-lapse, fluorescence
assay by active 3/7 caspase, propidium iodide (P.I) and Hoechst. Hemolysis tests were performed with
goat blood. Ultra-High Liquid chromatography (Acquity UHPLC) coupled with mass spectrometer (TQD
Acquity) was performed for the fractions and the components identified through the Global Natural
Products Social Molecular Networking. Acute toxicity tests were performed on C57 Black/6J according
to the CEUA/UFF #982 protocol. SCC9 cells were inoculated into the flank of Balb nude (CEUA
n°6497220421) for antitumor analysis.

Results and Discussion

Through the clonogenic and MTT assays with the crude extract 1ICso of 101.2 pug/ml was calculated.
In the cell viability assay with the partitions we obtained the following mean ICso in tumor lines:
Carboplatin= 53.23ug/ml, EHSa= 28.7ug/ml, EHSh= 253.3ug/ml and EHSd did not reach 50% inhibition,
indicating a concentration of the cytotoxic compound in EHSa. Investigating the type of cell death
induced by the EHSa, we observe in the morphological analysis, membrane blebling and cell retraction,
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increased active caspase 3/7 in the cells, it was positive for I.P and pyknotic nuclei, DNA fragmentation
and phosphatidyl serine exposition were observed, strong indication of apoptotic cell death. The EHA
partition was shown to be less hemolytic than the control. The EHA partition in normal Fibroblast cells
had an ICso of 447 pg/mL, EHSh 347.2 pg/mL and Carboplatin 337.2 pg/mL. Calculating the selectivity
index comparing with the 1Csp of the normal cell we obtained: EHs=14.56, EHSa=15.59, EHSh=2.3 and
Carboplatin=6.72. When a substance has an Sl index > 2 it can be considered selective, however, if the
value is Sl < 2, that substance is cytotoxic to both tumor cells and normal cells (Mahavorasirikul;
Viyanant et al., 2010). The EHSa partition did not show hemolytic activity and it caused moderate
vacuolar degeneration, moderate cell binucleation and moderate portal hyperemia in the liver, but no
necrotic spots were observed in the acute toxicity assay. EHSa significantly reduced tumor growth
(P>0.001) in the nude assay. In the phytochemical composition we identify 6 new substances never
described in  this  species:  5-Hydroxy-3'4',7,8-tetramethoxyflavone;  5,4'-Dihydroxy-7,8,3'-
trimethoxyflavone; 5,7-Dihydroxy-3',4'-dimethoxyflavone; 3'4'5,7-Tetramethoxyflavone; 5-Hydroxy-
3',4', 7-trimethoxyflavone; 5,4'-Dihydroxy-3'-7'-dimethoxyflavone.

Conclusion

After analysis of the results, it can be concluded that the E. hyemale stem extract has a cytotoxic effect
against OSCC, with the EHSa fraction being the most cytotoxic, selective and death occurs by apoptosis.
The EHSa fraction has low in vivo toxicity and has antumoral activity in vivo and 6 new substances for
this species were identified.

Acknowledgments

CNPq; CAPES (Finance Code 001); FAPERJ for Emergency support for stricto sensu graduate programs and courses
in the state of Rio de Janeiro project (E -26/200.930/2017), FAPERJ Auxilio Regionais E-26/210.085/2022 e JCNE E-
26/202.787/2019; PROPPI/UFF.

Bibliographic References

[1]WHO. Cancer. https://www.who.int/news-room/fact-sheets/detail/cancer, 2020. Acesso em: 01/07/2022.

[2]Scully C, Bagan J. Oral squamous cell carcinoma overview. Oral oncology, 2009. 45(4-5):301-308.

[3]Mahavorasirikul, W.; Viyanant, V. et al. Cytotoxic activity of Thai medicinal plants against human cholangiocarcinoma,
laryngeal and hepatocarcinoma cells in vitro. 2010, BMC Complement Altern Med, 10, p. 55.

[4] Churqui, Marianela Patzi et al. Extracts of Equisetum giganteum L and Copaifera reticulate Ducke show strong antiviral
activity against the sexually transmitted pathogen herpes simplex virus type 2. Journal of ethnopharmacology, 2018, v. 210, p.
192-197,

[5]Li, H.; Wang, P.; Liu, Q.;et al. Cell cycle arrest and cell apoptosis induced by Equisetum hyemale extract in murine
leukemia L1210 cells. J Ethnopharmacol, 2012, 144, n. 2, p. 322-327.



