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Prostatic cancer (PC) stands out in terms of its occurrence, pathophysiology, and unfavorable prognostics in humans and dogs. Natural drugs bear an integrative potential for conventional antineoplastic treatments. In this context, the bioproducts of Synadenium grantii have been empirically used in different parts of Brazil for the integrative treatment of prostate cancer in humans. However, there is no availability of scientific evidence of the antitumor effects of S. grantii. Therefore, this study aimed to investigate the bioactive compounds in the latex of S. grantii using the high-resolution mass spectrophotometry (HRMS) and to evaluate its cytotoxic effects on primary canine PC cell cultures. Four fragments of phorbol ester were identified as potential bioactive compounds using the HRMS. With the help of an MTT ([3-(4,5-dimethyldiazol-2-yl)-2,5 diphenyltetrazolium bromide]) assay, two canine prostatic carcinoma cell lines (PC 1 and PC2) showed a decrease in the tumor cell count, with an Inhibitory concentration 50 (IC50)of 0.8469 and 0.6068 mg/ml, respectively, for PC1 and PC2. In conclusion, the latex of S. grantii contains phorbol esters in its composition, and its aqueous solution has a cytotoxic effect on canine metastatic PC cells in vitro.
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INTRODUCTION

Prostate cancer (PC) is one of the most important problems worldwide. Most recent statistical report in the USA demonstrated that PC is the most common cancer among men excluding skin cancer. The 2020 cancer statistics also highlighted that one of five men may develop PC cancer (1). Recent release of the Global Cancer Observatory (2) pointed out that PC is one of the main leading causes of malign neoplasia-related cancer deaths in humans next to lung cancer and female breast cancer. It is the second most frequently occurring cancer among males and its occurrence has grown vertiginously throughout the globe (2). Due to its importance, several models, including PC spontaneous models, have been proposed (3). Dogs and humans are the only species in which PC occurs spontaneously, thus spontaneous canine PC has been used in comparative studies (3, 4) Canine PC has a low incidence but is characterized by its aggressive behavior, metastatic at diagnosis and poor outcome (5, 6). In addition, it is usually unresponsive to the androgen stimulation due to a lack of androgen receptor (AR) (3). Thus, dogs can be considered as an important model for the human androgen-independent PC (4, 7). Although dogs can be considered as a model, the veterinary literature is focused on comparative morphological characters, and the information on the molecular pattern of canine PC is limited (3, 4). Moreover, a very limited number of studies have investigated the antitumor effect of different compounds on the preclinical models of canine PC (8, 9). Thus, the evaluation of new potential drugs for preclinical models can benefit both dogs and humans.

Usually, anticancer drugs used in the conventional chemotherapy are originated from natural compounds, such as vinca alkaloids (10). Currently, 60% of the drugs for the anticancer therapy are sourced naturally, including from plants, microorganisms, and marine organisms (11). Selective and effective treatments, as well as new mechanisms to limit the illness progression, have been the goal of researchers for the development of anticancer agents (12). Thus, the plant-derived products are the sources of substances used in chemotherapy and other drug therapies (11, 13). A large number of natural active agents are present in cancer therapies (14, 15) because of their structural models and unique action mechanisms. The drugs obtained from natural products can be used as the drugs of primary chemotherapy (16), chemopreventives (17), or chemosensitizers, with the effects synergistic to the conventional chemotherapy (18). However, before using these compounds in clinical practice, the antitumor response and toxicity should be evaluated by in vitro models.

Brazil has a great natural plant biodiversity with a great potential to identify natural products with therapeutic properties (19). Most of the used plants are based on popular medicine, where people describe plant potentials to heal diseases without any scientific evidence (11). Among those plants, Synadenium grantii Hook F. (Euphorbiaceae) has been proposed to have an antitumor effect on human PC. The latex of S. grantii has been empirically used to treat allergic and gastric disorders and cancer (20). It is commonly administered orally in a solution diluted in water to treat malignant neoplasia. The latex of S. grantii is rich in non-polar substances (21, 22) and its activity against tumor cell lines has already been demonstrated (23–25). However, there is no finding of clinical evidence on the effect of the latex of S. grantii on patients with cancer. Based on this scenario, new studies are required for investigating such an effect on cancer cells. As dogs are considered as a model for human PC, the evaluation of the latex of S. grantii in canine cancer cell lines can be considered as a preclinical model, allowing future clinical studies in dogs. Unfortunately, no standard treatment has been tested on PC-affected dogs. Instead, chemotherapy with doxorubicin or carboplatin associated with non-steroidal anti-inflammatory drugs are commonly used (26). Thus, investigating new compounds for preclinical models can provide a new perspective. Therefore, this study aimed to investigate the bioactive compounds of the latex of S. grantii and evaluate its effects on canine PC cells as a preclinical model of canine PC.



METHODS


Ethics Statement

This research was approved by the Research Ethics Committee of the Federal University of Goiás (CEP/UFG, protocol no. 2.269.572) and by the Ethics Commission for Animal Use of the São Paulo State University Júlio de Mesquita Filho (CEUA/UNESP, protocol no. 0004/2017).



Plant Material

A fresh sample of the latex of S. grantii was collected in July 2018, in Nerópolis, Goiás, Brazil (16°24′31.8″ S, 49°13′11.3″ W, 812-m altitude) after cleaning and transverse cutting of the plant stem. The sample was acclimatized in a 50-ml Falcon tube and kept at 4°C. An exsiccate was prepared and deposited at the Herbarium of the UFG, under number 65903. Portion of the sample was used in the physicochemical characterization test and in the identification of active compounds. For in vitro and in vivo studies, 1 g of latex was dissolved in distilled water into a 10 ml final stock solution according to Luz et al. (27). Then, a decrease in concentrations was made, and new stock solutions with concentrations of 0.75, 1, 1.5, 3, and 6 mg/ml were originated.



Physicochemical Characterization of the Latex of S. grantii Latex

Relative density of the latex was determined by a pycnometer method, weighing 10 ml pure latex in an AG200 analytical scale (Gehaka®, AG 200). The method was performed according to AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA (28). Briefly, the relative density was the ratio of pure latex sample and distilled water weights. The same 10-ml sample was used in the other assays, including pH and humidity measurements, as well as the screening of phenolic and alkaloid compounds.

The pH was obtained by using a pH microprocessor (Marconi®, MA 522). Humidity was determined in the three 1-g latex samples by a desiccation loss analysis, using a moisture analyzer (Shimadzu®, MOC63u). For the detection of phenolic compounds, 1 ml of latex diluted in 10 ml distilled water was used, with the solution being heated for 5 min. Then, four drops of 4.5% ferric chloride were added, with hydroxyls determined qualitatively by evaluating dark precipitate in the solution.

Alkaloids were detected by diluting 2 g of the latex in 20 ml of 5% sulfuric acid. The solution was heated for 3 min, and drops of iodized and complex polyacids reagents were added to independent samples. Then, Mayer's reactive (potassium tetra-iodine mercurate), Dragendorf reactive (potassium iodine-bismuthate), Bertrand reactive (1% silico-tungstic acid), Hager reactive (2% picric acid), and 1% tannic acid were used.



S. grantii Latex Phytochemical Research by High-Resolution Mass Spectrometry

A latex sample was subjected to the HRMS to identify 3,4,12,13-tetraacetylphorbol-20-phenylacetate, a compound previously isolated from S. grantii plants (29). Another sample was used to check whether the latex contain 12-deoxyphorbol 13-phenylacetate 20-acetate (dPPA). Lyophilized standards of both compounds were used for a comparison with the latex samples.

High-resolution mass spectrometry of latex samples and 3,4,12,13-tetraacetylphorbol-20-phenylacetate and dPPA standards were acquired by direct infusions, using the Q-Exactive (Thermo Fisher Scientific, Waltham, MA, USA) mass spectrometer, with the H-ESI (Thermo Fisher Scientific, Waltham, MA, USA) as a source. The equipment was operated in a positive mode under the following conditions: full scan (m/z 200–800), spray voltage of 3.5 kV, resolution of 70,000, 10 μl/min flow, sheath gas at 15 (arbitrary units), auxiliary gas at 2 (arbitrary units), capillary temperature of 32°C, auxiliary gas temperature of 37°C, and tube lens at 50 (arbitrary units).

Latex and standard samples were prepared in different ways. About 500 μl methanol and water (1:1) were added to a 0.5-ml S. grantii latex sample, and the solution was then subjected to an ultrasound for 3 min, filtrated, and acidified with formic acid.The standard sample of phorbol esters was prepared with methanol solvent and was prepared at a concentration of 10 ppm without acidification. The results were analyzed by using the Therm Platform, which allowed viewing of the total ion chromatogram at a range of 200–800 m/z. The compounds were evaluated by using a latex sample and phorbol ester standard fragments subjected to an impact analysis by electrospray mass spectrometry. Used solvent, mass number, carbons and unsaturation, Na+ and H+ gains, and H+ loss were all considered. A “blank” was performed to confirm whether processed ions were obtained from the sample or the solvent.



Canine Prostate Cell Culture

Two canine prostate cancer cells lines (PC1 and PC2) were used in this study. PC1 was established from a 10-year-old, intact, mixed breed dog with non-metastatic PC (Gleason 10) and PC2 from an 11-year-old, intact, poodle dog with metastatic PC (Gleason 10). Cell morphology and phenotype were previously determined with both cell lines being negative for the nuclear AR expression, positive for prostatic-specific antigen (PSA) and pan-cytokeratin (AE1/AE3), and negative for uroplakin III, vimentin, and P63 (30).

PC1 and PC2 were used at passage 15 (P15) and cultured in a PrEBM medium (Lonza, Basel, Switzerland), supplemented with 10% fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA, USA), with 1% penicillin-streptomycin solution (Sigma, Portland, OR, USA), in a humid atmosphere at 37°C and CO2 at 5%. To confirm the cell phenotype, PSA and AR immunofluorescence analyses were performed according to Costa et al. (30). Briefly, sterile circular coverslips (15 mm, Knitell) were placed at the center of each plate well with 12 sterile wells. A total of 1 × 105 cells were sown in 250 μl of PrEBM medium (Lonza, Basel, Switzerland), supplemented with 10% FBS and incubated in a moist chamber at 5% CO2 and 37°C. When adherent cells reached 50% confluence, the medium was removed, and the cells were washed thrice with PBS and fixated with chilled methanol (4°C) for 15 min, followed by a permeabilization with the anionic surfactant solution Triton-X 0.25% (Sigma, Portland, OR, USA). The cells were incubated for 45 min with FBS at 3% in PBS and then used as a blocking solution. Afterward, they were incubated with rabbit polyclonal anti-PSA (Biorbyt, Cambridge, UK) and anti-rabbit polyclonal AR (1:50) (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Finally, the cells were incubated by using Alexa Fluor 484 (Invitrogen, Carlsbad, CA, USA) diluted at 2 μg/ml. The slides were counterstained with 4′-6-diamidino-2-phenylindole (DAPI; Sigma, Portland, OR, USA). The coverslips were analyzed by using a confocal laser scanning microscope TCS SP 5 (Leica), and the images were captured by using the Leica Application Suite Advanced Fluorescence (LAS AF) software.



Treatment and Cell Viability of the Latex of S. grantii

PC1 and PC2 cells were cultured for 24 h in 96-well plates, at 1 × 104 cells/well, in a humidified incubator at 37°C and 5% CO2. Treatments of the latex of S. grantii were performed by using the samples of 0.75, 1, 1.5, 3, and 6 mg/ml, which were evaluated at 24 (G24), 48 (G48), and 72 h (G72). Negative control and blank groups were preformed according to Chaves et al. (31). After treatments, the media were discarded, and 10-μl MTT [3-[4,5-dimethylthiazol-2-l]-2,5-diphenyltetrazolium bromide, Sigma Aldrich, Portland, OR, USA] solution was used while maintained for 3 h in an incubator according to the manufacturer's recommendation. Thereafter, 100-μl solubilizing solution was added to each well. The plate was homogenized for 10 min, and optical density readings were performed in a microplate reader (Expert Plus, 595 nm). We determined the concentration at which 50% of the cell viability is inhibited [Inhibitory concentration 50 (IC50)] (32). Three independent experiments were performed thrice.



Statistical Analysis

Descriptive statistics was performed, which describe qualitative outcomes as a positive and negative expression for each marker. For the IC50 determination, a dose-response curve was performed by using the GraphPad Prism v.8.1.0 (GraphPad Software Inc., La Jolla, CA, USA), at 5% significance level (p < 0.05).




RESULTS


Characterization of S. grantii

The physicochemical characterization showed that the latex had a density of 1.02 g/ml and pH of 5.72.The percentage of total solids was 29.19% with 70.8% humidity. No precipitation occurred or change in coloration was noted in the sample used for a qualitative detection of phenolic hydroxyls. All reagents showed a discreet precipitation in the detection of alkaloid, which confirmed their presence in S. grantii latex samples. The standards used in the HRMS were standardized according to a technique wherein the molecular ion corresponds to its respective molecular mass. No specific molecular ion fragments characterizing the 12-deoxifolia-13-phenylacetate-20-acetate (dPPA), with m/z = 531.23 [M+Na]+, or the 3,4,12,13-tetraacetylforbol-20-phenylacetyl, with m/z 675. 27[M+Na]+z were found in the S. grantii latex.

The compounds undergoing a test were not observed in the chromatogram of the latex of S. grantii. However, the HRMS analysis showed precisely the molecular weight of fragments of other compounds in the tested latex, including [C20H22O+H-CO]+ m/z 265.15, [C20H23O2-H2O]+ m/z 277.15, [C20H25O3-H2O]+ m/z 295.16, and [C30H36O7-C6H5CH2-COOH-AcOH ]+ m/z 313.18 (Figure 1), which are all from the phorbol family.


[image: Figure 1]
FIGURE 1. Peak generated in the mass spectrum (HRMS) of the latex of Synadenium grantii by magnifying the general chromatogram and its respective structures, molecular forms, and fragment masses. Chromatograms: (A) m/z 313.17; (B) m/z 265.02; (C) m/z 277.02 and 295.03. Structure, molecular form, and fragment mass: (D) m/z 265.02; (E) m/z 277.02; (F) m/z 295.03; and (G) m/z 313.17.




Cell Phenotype and Viability After the Treatment of Latex of S. grantii

PC1 cells showed a polygonal morphology at P15 and grew in small clusters, forming cell colonies. PC2 cells also showed a polygonal morphology but grew isolated in the culture flask. In P15, cells are positive and negative, respectively, for PSA for RA (Figure 2).


[image: Figure 2]
FIGURE 2. Morphological evaluation of two canine prostatic cell lines (PC1 and PC2). Both originated from Gleason 10 PC, with cribriform to solid morphology. In culture conditions, PC1 grew in groups, forming colonies, and tubular-like structures while PC2 grew isolated. The prostatic origin was confirmed by a prostatic-specific antigen (PSA) positive expression, and both were negative for androgen receptor (AR) expression. HE, hematoxylin and eosin; PC, phase contrast.


We identified different IC50 concentrations as a function of exposure time. Overall, after 24 h exposure, PC1 had an IC50 of 0.8469 mg/ml and PC2 0.6068 mg/ml (Figure 3). Both cell lines had high IC50 at 48 h but low at 72 h (Figure 3). All tested S. grantii latex concentrations had a dose-dependent effect on PC1 cells. When comparing 3 and 6 mg/ml with the untreated group, considering PC1 and PC2 within 24 h, 6 mg/ml had the best effects (0.19 and 20 abs), followed by 3 mg/ml in PC2 (0.27 abs). But within 72 h, cell viability had no differences in either PC1 or PC2 for both latex concentrations (Table 1).


[image: Figure 3]
FIGURE 3. Determination of IC50 of PC1 and PC2 cell lines at 24, 48, and 72 h. The cell lines presented low IC50 at 24 h but high at 48 h. Then, at 72 h, IC50 decreased compared to the previous moment. The graphic representation also shows a dose-dependent response trend over time.



Table 1. Mean cell viability for canine PC1 and PC2 cell lineages per concentration and exposure time to the latex of S. grantii by a tetrazolium reduction method.
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DISCUSSION

Brazil has a great biodiversity with a potential to identify several compounds with antitumor activity based on native plants. Using technological databases, botanical taxonomists have classified plants into several kinds. In addition, advances in research have led to a finding of medicinal plants with a similar phenotype but differences in microscopic or molecular scales. Synonymy is quite common and Brazil counts with a species list, the “Lista de Espécies da Flora do Brasil” (33), which is an online list of accepted names of native species and their geographic distribution.

S. grantii is a species of the Euphorbiaceae family, also known as “milagrosa” or “janauba,” has been a scientific subject for the anticancer drug treatment since different compounds can be found in its plant material. Scientific evidence has found the anticancer activity of steroids, terpenes (diterpenes, sesquiterpenes, and triterpenes), phenolic compounds, and proteins from S. grantii (25, 27, 34, 35). Taxon evidence shows that Euphorbia umbellata (Pax) Bruyns and Synadenium umbellatum are scientific synonyms, as well as their role in anticancer drug development (27).

The use of the latex of S. grantii use as an antiproliferative agent has been experimentally demonstrated in several cancer cell culture studies. Other Euphorbia genera have been used in melanoma cell culture (25) and leukemic cell culture (36) for antiproliferative cancer research (37). In popular beliefs, the latex of S. grantii has a high antitumor effect when taking orally and is often advised for men with prostate cancer. However, no previous studies have demonstrated such an antitumor effect. Different in vitro and in vivo models have been used in a comparative oncology for preclinical research. For example, since prostate carcinoma affects both humans and dogs, the canine model has been widely accepted as a preclinical model for prostate cancer (38, 39). In addition, in recent years, several cultures of canine prostate cancer have been published, which allow testing of new drugs still in the preclinical phase (40).

Given the recent studies still on the latex of S. grantii, the first stage of our research was to characterize this latex. Previously, the density of this latex was reported to be of 1 g/ml when collected from the plant stem (41), which is close to water density and similar to what we observed. Total dissolved solids after the evaporation were not found for the latex in the literature. This parameter is useful in measuring working solutions since the water concentration in the latex must be accounted.

Plant primary and secondary metabolites are useful in determining the bioactive compounds for cancer research (42). Phenolic compounds are a group of substances with different levels of chemical complexity and are able to neutralize reactive oxygen species (ROS) (43). However, no phenolic compounds were detected in the samples of latex of S. grantii by using a qualitative analysis.

Cell morphology was analyzed to verify cell stability and confirm their phenotypes in cultures. Both cell cultures were previously characterized (30). However, we opted to confirm the AR status of cells and the cells being primary prostatic (based on PSA expression). In our study, more than 90% of the cells in both cell lineages of the canine PC-expressed PSA, which confirmed the prostatic origin of neoplastic cells. The role of androgens and the impact of early or late neutering are still controversial even though a few studies have not reported androgen effects on the canine prostate adenocarcinoma initiation or progression (6, 44, 45). In our study, AR immunoexpression was negative demonstrating androgen hormone independence for both cell lines.

We determined the IC50 for both cell lines and observed a dose-dependent response; therefore, the latex of S. grantii has antitumor activity in canine PC cells. The cytotoxic effect of plants of the Synadenium genus has been demonstrated mainly by the evaluation of plant shoot extracts (46, 47), with a few reports about it in the latex. This, in turn, has been used empirically in therapies and may be potentially dangerous due to its high toxicity, cytotoxic effects, and mutagenic potential (dose-dependent) besides its low lethal dosage to mice (110–168 mg/kg) (41, 48).

Such scientific information allied to the IC50 value of PC 1 and 2 suggests a potential effective and safe dose to be applied in future analysis. Thus, this safe dose can be tested in in vivo evaluation by using mice as a scientific model. The latex possesses a lethal action on cells at the proliferative stage (S-G2/M), which had been observed when using 1.7–7 ug latex per well in a melanoma cell culture by flow cytometry (25). Interestingly, PC2 come from a metastatic canine PC and presented an IC50 lower than PC1. In general, our results suggested an antitumor effect of the latex of S. grantii in vitro, which is important for future clinical trials involving this plant material in dogs with PC. The CAM assay showed significant results by comparing IC50 in PC1 and PC2 cells whereas metastatic cell lineage had a lower IC50.



CONCLUSION

The latex of S. grantii plants contains phorbol esters in its composition. Its aqueous solution has an in vitro cytotoxic effect on metastatic canine PC cells. Still, the latex of S. grantii should be further verified for other biological effects, such as bioactive compound identification and respective action mechanisms.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are include in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The animal study was reviewed and approved by this research was approved by Research Ethics Committee of the Federal University of Goiás (CEP/UFG, protocol no. 2.269.572) and by the Ethics Commission for the Use of Animals of the São Paulo State University Júlio de Mesquita Filho (CEUA/UNESP, protocol no. 0004/2017).



AUTHOR CONTRIBUTIONS

EB, LP, and LA were responsible for all experimental stages and for the writing of the first draft of the manuscript. EA was involved in statistical analysis. JP and LR were responsible for physicochemical and phytochemical characterization of the S. grantii. CF-A, MM, and VdM were responsible for the hypotheses, supervision of the in vitro and in vivo assays, as well as the writing and reviewing of the final draft of the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

The authors would like to thank the funding resources from CAPES, CNPQ, São Paulo Research Foundation—FAPESP (#2019/24079-1), and UFG.



ACKNOWLEDGMENTS

We acknowledge the Regional Center for Technological Development and Innovation of the Federal University of Goiás (CRTI-UFG), Goiânia, Goiás State, Brazil; the Morphology Department of the Institute of Biosciences of the São Paulo State University Júlio Mesquita Filho, Botucatu, São Paulo State, Brazil; and the Laboratory of Botanical, Chemical, and Biological Studies on Medicinal Plants (LabPM) of the Goiás State University (UEG), Anapolis, Goiás State, Brazil.



REFERENCES

 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. Cancer J Clin. (2020) 70:7–30. doi: 10.3322/caac.21590

 2. Bray F, Ferlay J, Soerjomataram I, Siegel RLS, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

 3. Palmieri C, Foster RA, Grieco V, Fonseca-Alves CE, Wood GA, Culp WTN, et al. Histopathological terminology standards for the reporting of prostatic epithelial lesions in dogs. J Comp Pathol. (2019) 171:30–7. doi: 10.1016/j.jcpa.2019.07.005

 4. Laufer-Amorim R, Fonseca-Alves CE, Villacis RAR, Linde SAD, Carvalho M, Larsen SJ, et al. Comprehensive genomic profiling of androgen-receptor-negative canine prostate cancer. Int J Mol Sci. (2019) 20:1555. doi: 10.3390/ijms20071555

 5. Teske E, Naan EC, Van Dijk EM, Van Garderen E, Schalken JA. Canine prostate carcinoma: epidemiological evidence of an increased risk in castrated dogs. Mol Cell Endocrinol. (2002) 197:251–5. doi: 10.1016/S0303-7207(02)00261-7

 6. Bryan JN, Keeler MR, Henry CJ, Bryan ME, Hahn AW, Caldwell CW. A population study of neutering status as a risk factor for canine prostate cancer. Prostate. (2007) 67:1174–81. doi: 10.1002/pros.20590

 7. Rivera-Calderón LG, Fonseca-Alves CE, Kobayashi PE, Carvalho M, Drigo SA, Vasconcelos RO, et al. Alterations in PTEN, MDM2, TP53 and AR protein and gene expression are associated with canine prostate carcinogenesis. Res Vet Sci. (2016) 106:56–61. doi: 10.1016/j.rvsc.2016.03.008

 8. Harting T, Stubbendorff M, Willenbrock S, Wagner S, Schadzek P, Ngezahayo A, et al. The effect of dichloroacetate in canine prostate adenocarcinomas and transitional cell carcinomas in vitro. Int J Oncol. (2016) 49:2341–50. doi: 10.3892/ijo.2016.3720

 9. Schille JT, Nolte I, Packeiser EM, Wiesner L, Hein JI, Weiner F, et al. Isoquinolinamine FX-9 exhibits anti-mitotic activity in human and canine prostate carcinoma cell lines. Int J Mol Sci. (2019) 20:5567. doi: 10.3390/ijms20225567

 10. Bhanot A, Sharma R, Noolvi MN. Natural sources as potential anti-cancer agents: a review. Int J Phytomed. (2011) 3:9–26.

 11. Cragg GM, Newman DJ. Natural products: a continuing source of novel drug leads. Biochim Biophys Acta. (2013) 1830:3670–95. doi: 10.1016/j.bbagen.2013.02.008

 12. Brandao HN, DavidII JP, CoutoII RD, NascimentoII JAP, David JM. Química e farmacologia de quimioterápicos antineoplásicos derivados de plantas. Quím Nova. (2010) 33:1359–69. doi: 10.1590/S0100-40422010000600026

 13. Newman DJ, Cragg GM. Natural products as sources of new drugs over the 30 years from 1981 to 2010. J Nat Products. (2012) 75:311–35. doi: 10.1021/np200906s

 14. Shukla SI, Mehta A. Anticancer potential of medicinal plants and their phytochemicals: a review. Braz J Bot. (2015) 38:199–210. doi: 10.1007/s40415-015-0135-0

 15. Ruiz-Torres V, Encinar JA, Herranz-López M, Pérez-Sánchez A, Galiano V, Barrajón-Catalán E, et al. An updated review on marine anticancer compounds: the use of virtual screening for the discovery of small-molecule cancer drugs. Molecules. (2017) 22:1037. doi: 10.3390/molecules22071037

 16. Calcabrini C, Catanzaro E, Bishayee A, Turrini E, Fimognari C. Marine sponge natural products with anticancer potential: an updated review. Mar Drugs. (2017) 15:310. doi: 10.3390/md15100310

 17. Kotecha R, Takami A, Espinoza JL. Dietary phytochemicals and cancer chemoprevention: a review of the clinical evidence. Oncotarget. (2016) 7:52517–29. doi: 10.18632/oncotarget.9593

 18. Vinod BS, Maliekal TT, Anto RJ. Phytochemicals as chemosensitizers: from molecular mechanism to clinical significance. Antioxid Redox Signal. (2013) 18:1307–48. doi: 10.1089/ars.2012.4573

 19. Valli M, Russo HM, Bolzani VS. The potential contribution of the natural products from Brazilian biodiversity to bioeconomy. An Acad Bras Ciênc. (2018) 90:763–78. doi: 10.1590/0001-3765201820170653

 20. Ortêncio WB. Medicina popular do centro-oeste. Thesaurus Editora (1997). p. 459.

 21. Costa LLG, David VC, Pinto RMC, Minozzo BR, Kozlowski VA Jr, Campos LA, et al. Anti-ulcer activity of Synadenium grantii latex. Rev Bras Farmacogn. (2012) 22:1070–8. doi: 10.1590/S0102-695X2012005000050

 22. Hassan EM, Mohammed M, Mohamed SM. Two new phorbol-type diterpene esters from Synadenium grantii Hook F. Leaves Rec Nat Prod. (2012) 6:255–62. Available online at: https://acgpubs.org/doc/2018080619493836-RNP-1102-510.pdf

 23. Nogueira IAL, Leão ABB, Vieira MS, Benfica PL, Cunha LC, Valadares MC. Antitumoral and antiangiogenic activity of Synadenium umbellatum Pax. J Ethnopharmacol. (2008) 120:474–8. doi: 10.1016/j.jep.2008.08.026

 24. Sadeghi-Aliabadi H, Sajjadi SE, Khodamoradi M. Cytotoxicity of Euphorbia macroclada on MDA-MB-468 breast cancer cell line. Iranian J Pharm Sci. (2009) 5:103–8. Available online at: http://www.ijps.ir/article_2083_bcd36e8f68b2d1817e5e634928ba6e8d.pdf

 25. Oliveira TL, Munhoz ACM, Lemes BM, Minozzo BR, Nepel A, Barison A, et al. Antitumoural effect of Synadenium grantii Hook f. (Euphorbiaceae) latex. J Ethnopharmacol. (2013) 150:263–9. doi: 10.1016/j.jep.2013.08.033

 26. Ravicini S, Baines SJ, Taylor A, Amores-Fuster I, Mason SL, Treggiari E. Outcome and prognostic factors in medically treated canine prostatic carcinomas: a multi-institutional study. Vet Comp Oncol. (2018) 16:450–8. doi: 10.1111/vco.12400

 27. Luz LEC, Paludo KS, Santos VLP, Franco CRC, Klein T, Silva RZ, et al. Cytotoxicity of latex and pharmacobotanical study of leaves and stem of Euphorbia umbellata (Janaúba). Rev Bras Farmacogn. (2015) 25:344–52. doi: 10.1016/j.bjp.2015.07.005

 28. AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA. Farmacopeia Brasileira, Vol. 1. 6ª Ed. Brasília (2019). Available online at: https://www.gov.br/anvisa/pt-br/assuntos/farmacopeia/farmacopeia-brasileira/arquivos/7985json-file-1 (accessed March 18, 2021).

 29. Campos A, Vendramini-Costa DB, Longato GB, Zermiani T, Ruiz ALTG, Carvalho JE, et al. Antiproliferative effect of Synadenium grantii Hook f. stems (Euphorbiaceae) and a rare phorbol diterpene ester. Int J Toxicol. (2016) 35:666–71. doi: 10.1177/1091581816659660

 30. Costa CD, Justo AA, Kobayashi PE, Story MM, Palmieri C, Laufer-Amorim R, et al. Characterization of OCT3/4, Nestin, NANOG, CD44 and CD24 as stem cell markers in canine prostate cancer. Int J Biochem Cell Biol. (2019) 108:21–8. doi: 10.1016/j.biocel.2019.01.002

 31. Chaves DA, Lemes SR, Araujo LA, Sousa MAM, Freitas GB, Lino RS Jr, et al. Avaliação da atividade angiogênica da solução aquosa do barbatimão (Stryphnodendron adstringens). Rev Bras Plantas Med. (2016) 18:524–30. doi: 10.1590/1983-084X/15_093

 32. Carneiro CC, Santos SC, Lino RS Jr, Bara MTF, Chaibub BA, Melo-Reis PR, et al. Chemopreventive effect and angiogenic activity of punicalagin isolated from leaves of Lafoensia pacari A. St-Hil. Toxicol Appl Pharmacol. (2016) 310:1–8. doi: 10.1016/j.taap.2016.08.015

 33. Flora do Brasil (2020). Jardim Botânico do Rio de Janeiro. Available online at: http://floradobrasil.jbrj.gov.br/ (accessed March 18, 2021).

 34. Premaratna A, Shdaksharaswamy M, Nanjappa S. Some biological properties of Synadenium grantil lectin. Indian J Pathol Microbiol. (1984) 27:91–7.

 35. Dawidar AAM, Keshk EM, Saad HH, Mogib MA. GC/MS analysis of sesquiterpenes in Synadenium grantii. Man J Chem. (2011) 38:107–19.

 36. Kanunfre CC, Leffers T, Cruz LS, Luz LEC, Crisma AR, Wang M, et al. Euphorbia umbellata bark extracts–an in vitro cytotoxic study. Rev Bras Farmacogn. (2017) 27:206–13. doi: 10.1016/j.bjp.2016.11.002

 37. Luz LEC, Kanunfre CC, Paludo KS, Justo AS, Petry VK, Lemes BM, et al. Cytotoxic biomonitored study of Euphorbia umbellata (Pax) Bruyns. J Ethnopharmacol. (2016) 183:29–37. doi: 10.1016/j.jep.2016.02.025

 38. He J, Li CL, Wilson BC, Fisher CJ, Ghai S, Weersink RA. A clinical prototype transrectal diffuse optical tomography (TRDOT) system for in vivo monitoring of photothermal therapy (PTT) of focal prostate cancer. IEEE Trans Biomed Eng. (2020) 67:2119–29. doi: 10.1109/TBME.2019.2955354

 39. Wang-Leandro A, Willmitzer F, Karol A, Porcellini B, Kronen P, Hiltbrand EM, et al. MRI-guided, transrectal, intraprostatic steam application as potential focal therapeutic modality for prostatic diseases in a large animal translational model: a feasibility follow-up study. PLoS ONE. (2019) 14:e0226764. doi: 10.1371/journal.pone.0226764

 40. Liu W, Sender S, Kong W, Beck J, Sekora A, Bornemann-Kolatzki K, et al. Establishment and characterization of stable red, far-red (fR) and near infra-red (NIR) transfected canine prostate cancer cell lines. Cancer Cell Int. (2020) 20:1–11. doi: 10.1186/s12935-020-01211-0

 41. Melo-Reis PR, Andrade LS, Silva CB, Araújo LMM, Pereira MS, Mrue F, et al. Angiogenic activity of Synadenium umbellatum Pax latex. Braz J Biol. (2010) 70:189–94. doi: 10.1590/S1519-69842010000100026

 42. Tariq M, Rossiter JT, Wright DJ, Staley JT. Drought alters interactions between root and foliar herbivores. Oecologia. (2013) 172:1095-104. doi: 10.1007/s00442-012-2572-9

 43. Quideau S, Deffieux D, Douat-Casassus C, Pouysegu L. Plant polyphenols: chemical properties, biological activities, and synthesis. Angew Chem Int Ed Engl. (2011) 50:586–621. doi: 10.1002/anie.201000044

 44. Leav I, Schelling KH, Adams JY, Merk FB, Alroy J. Role of canine basal cells in prostatic post natal development, induction of hyperplasia, sex hormone-stimulated growth; and the ductal origin of carcinoma. Prostate. (2001) 48:210–24. doi: 10.1002/pros.1100

 45. LeRoy BE, Nadella MVP, Toribio RE, Leav I, Rosol TJ. Canine prostate carcinomas express markers of urothelial and prostatic differentiation. Vet Pathol. (2004) 41:131–40. doi: 10.1354/vp.41-2-131

 46. Cunha LC, Azeredo SF, Mendonça ACV, Vieira MS, Pucci LL, Valadares MC, et al. Avaliação da toxicidade aguda e subaguda, em ratos, do extrato etanólico das folhas e do látex de Synadenium umbellatum Pax. Rev Bras Farmacogn. (2019) 19:403–11. doi: 10.1590/S0102-695X2009000300012

 47. Da Mota MF, Benfica PL, Batista AC, Martins FS, Paula JR, Valadares MC. Investigation of Ehrlich ascites tumor cell death mechanisms induced by Synadenium umbellatum Pax. J Ethnopharmacol. (2012) 139:319–29. doi: 10.1016/j.jep.2011.04.055

 48. Oliveira RB, Cunha LC, Valadares MC, Filho MJP, Araújo DM, Paula JR, et al. Toxicidade aguda de látex e extrato etanólico de folhas de Synadenium umbellatum em camundongos. Rev Eletrôn Farm. (2005) 2:143–5. Available online at: https://revistas.ufg.br/REF/article/view/1998/1966

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Brito, Prado, Araújo, Arnhold, Matos, de Paula, Ramos, Fonseca-Alves and de Moura. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-08-605286-g003.gif





OPS/images/fvets-08-605286-t001.jpg
PC1 PC2

Exposure time

Concentrations 24 h 72h 24h 72h

0 0.24 + 0.02%A” 0.48 % 0.05*® 0.56 = 0.11%4 0.48 % 0.05%
3mg/ml 026+ 0.02°4  0.21 % 0.02°* 0.27 & 0.02°A 0.21 & 0.02°A
6 mg/ml 019+ 00294 0.21 % 0.02°4 0.20 & 0.02%4 0.21 & 0.02°A

Scott-Knott test (o < 0.05%). *lowercase letters in the same column are the comparing
concentrations within the same time and **uppercase letters in the same row are the
comparing concentration over different treatment times.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of the Latex of Synadenium grantii Hook F. (Euphorbiaceae) on a Preclinical Model of Canine Prostate Cancer



		Introduction



		Methods



		Ethics Statement



		Plant Material



		Physicochemical Characterization of the Latex of S. grantii Latex



		S. grantii Latex Phytochemical Research by High-Resolution Mass Spectrometry



		Canine Prostate Cell Culture



		Treatment and Cell Viability of the Latex of S. grantii



		Statistical Analysis







		Results



		Characterization of S. grantii



		Cell Phenotype and Viability After the Treatment of Latex of S. grantii







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Veterinary Science

Effects of the Latex of Synadenium
grantii Hook F. (Euphorbiaceae) on
a Preclinical Model of Canine
Prostate Cancer





OPS/images/fvets-08-605286-g001.gif
R

DN - mTIS (NN I 0 U AT - iA 1





OPS/images/fvets-08-605286-g002.gif
:

e

e

il









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Veterinary Science





