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Abstract

:

Rhabdomyosarcoma (RMS), the most common soft tissue sarcoma in children, constitutes approximately 40% of all recorded soft tissue tumors and is associated with a poor prognosis, with survival rates of less than 20% at 3 years. The development of resistance to cytotoxic drugs is a primary contributor to therapeutic failure. Consequently, the exploration of new therapeutic strategies is of vital importance. The potential use of plant extracts and their bioactive compounds emerges as a complementary treatment for this type of cancer. This systematic review focuses on research related to plant extracts or isolated bioactive compounds exhibiting antitumor activity against RMS cells. Literature searches were conducted in PubMed, Scopus, Cochrane, and WOS. A total of 173 articles published to date were identified, although only 40 were finally included to meet the inclusion criteria. Furthermore, many of these compounds are readily available and have reduced cytotoxicity, showing an apoptosis-mediated mechanism of action to induce tumor cell death. Interestingly, their use combined with chemotherapy or loaded with nanoparticles achieves better results by reducing toxicity and/or facilitating entry into tumor cells. Future in vivo studies will be necessary to verify the utility of these natural compounds as a therapeutic tool for RMS.
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1. Introduction


Sarcomas are a large group of rare malignant mesenchymal tumors that originate in soft tissues, bone, or nervous tissue, with an incidence of approximately 7% in children and 1% in adults [1]. Half of pediatric patients diagnosed with soft tissue sarcoma are diagnosed with rhabdomyosarcoma (RMS) [2]. There are four histological subtypes of RMS: embryonal, alveolar, pleomorphic, and spindle cell/sclerosing, with the first two being the most common, accounting for an incidence of 60% and 30%, respectively [3]. Although it depends on factors such as the site of the primary tumor, the patient’s age, or the possibility of complete resection, the treatment of RMS is based on surgery, radiotherapy, and chemotherapy [4]. Despite treatment, the survival rate for this type of tumor is low, at 63% four years after diagnosis and less than 20% three years after diagnosis if metastasis occurs [5]. Due to this, the development of new treatments is necessary to improve the survival rate of these patients.



In recent years, plant extracts prepared from the bioactive components of plants have been studied due to their anti-inflammatory, antibacterial, antioxidant, and antitumor properties [6,7]. It has been shown that these bioactive components of plant origin can exhibit selective antitumor activity, enhancing the antitumor effect of traditional chemotherapy drugs and being used as a complementary treatment. In vitro studies of extracts obtained from the plant Christia vespertilionis of the Fabaceae family showed their antitumor effect in MCF7 breast cancer cells with a selective effect against the non-tumor line MCF 10A [8]. Extracts obtained from the root of Taraxacum spp. have also been shown to have strong antitumor activity in pancreatic cancer, melanoma, leukemias, colorectal cancer, and gastric tumors [9].



Numerous plant extracts also have antitumor activity against different subtypes of sarcomas. This is the case for the aqueous extracts of Salvia clandestina tested on the osteosarcoma MG-63 cell line, showing an enhancement of the effect of free cisplatin [10]. Most of this antitumor effect is attributed to the phytochemicals in these vegetables, highlighting polyphenols, tannins, carotenoids, terpenoids, flavonoids, glycosides, or alkaloids [11]. Another plant extract with antitumor activity in osteosarcoma is the aqueous leaf extract of the mangrove plant Rhizophora apiculate. In addition to presenting antitumor activity, this was improved with the loading of its bioactive compounds into silver nanoparticles [12]. The ethyl acetate extract of Caulis Spatholobi, rich in tannins, has shown antitumor activity against the osteosarcoma Saos-2 cell line [13]. The Artemisia annua extract derivatives, called dihydroarteminin, demonstrated potent antitumor activity in osteosarcoma cells with IC50 values between 10 and 40 µM, activating apoptotic pathways and inhibiting the formation of metastasis [14]. Focusing on rhabdomyosarcoma cell lines, few studies have been found on the use of plant extracts with antitumor effects. One of them uses two extracts obtained from Macaranga barteri and Calliandra portoricensis, observing a significant reduction in the IC50 value compared to control cells [15]. Another article presents the cytotoxic effect of Rosmarinus officinalis extract on the TE671 cell line, resulting in an IC50 value of 0.249 mg/mL, suggesting its potential use as an antitumor in this cell line [16].



Given the low incidence of RMS, few studies have investigated this type of tumor since it is considered a rare malignant tumor. Therefore, the aim of this systematic review is the study of all research conducted to date on plant extracts or bioactive compounds from plants that have antitumor activity against RMS.




2. Materials and Methods


The search protocol of the present systematic review was previously registered on 23 October 2023, in the OSF database (https://doi.org/10.17605/OSF.IO/EUK3V (accessed on 27 November 2023)).



2.1. Study Eligibility and Data Sources


To carry out this systematic review, a bibliographic analysis of the different scientific articles published on the topic to date was carried out by searching in four different databases: PubMed, SCOPUS, Web of Science, and Cochrane. In the PubMed database, the “MeSH” terms used in the search were “Rhabdomyosarcoma”, and “Plant extract”, with the formula obtained: (“rhabdomyosarcoma” [MeSH Terms] OR “rhabdomyosarcoma” [All Fields] OR “rhabdomyosarcomas” [All Fields]) AND (“plant extracts” [MeSH Terms] OR (“plant” [All Fields] AND “extracts” [All Fields]) OR “plant extracts” [All Fields] OR (“plant “ [All Fields] AND “extract” [All Fields]) OR “plant extract” [All Fields]). For the other electronic databases, this formula was adopted. The PRISMA guide has been systematically followed to carry out this systematic review [17].




2.2. Inclusion Criteria


Due to the scarcity of studies on the topic, there has been no time limit on the range of publication of the articles. This systematic research has included studies in which the bioactive compound was used in RMS cells and specified the IC50 value or the mechanism of action. Similarly, articles that used functional extracts or bioactive compounds of plant origin loaded into nanoparticles were also included due to their scientific interest. Furthermore, studies that determine the mechanism of action of bioactive compounds of plant origin were included.



It should be noted that to reduce possible publication bias, certain studies from the bibliographic references of the selected articles were analyzed and included in the bibliographic analysis if they met the inclusion criteria.




2.3. Exclusion Criteria


Articles in which the compound was not tested on RMS cells, was purchased, or the extraction method was not explained have been excluded from this systematic research. Additionally, articles that could not be read in full and those written in a language other than English, French, and Spanish have been excluded. Non-original articles, such as meta-analyses or reviews, have also been excluded from the study.




2.4. Study Selection and Data Extraction


Authors C.Me. and G.P. were responsible for determining the inclusion and exclusion criteria that characterize this systematic review. Therefore, C.Me. and B.S. were responsible for initiating the bibliographic search in the different databases described, starting by analyzing the titles of the articles and their abstracts. Thus, using the terms employed in the bibliographic search, 173 articles were obtained. The selection process to reach the final number of articles included in the study consisted of several phases.



In the first phase, duplicate articles that appeared in more than one database were excluded. In the second phase, articles not related to the topic of the review were discarded. In the last phase, a more exhaustive reading of the articles was carried out, excluding those that did not meet the inclusion and exclusion criteria. Moreover, a quality test for in vitro studies was independently conducted by C.Me. and B.S.



This quality test consisted of two phases. In the first phase, filters were specified based on the basic characteristics that must be present in a high-quality in vitro study (score 5), and those that did not reach this score were excluded. The second phase focused on the methodology, results, and conclusions sections of the scientific articles. After their analysis, they were classified according to their score into three categories: low quality (scores 0 to 5), medium quality (scores of 6 to 15), and high quality (scores of 16 to 20).



Finally, this systematic review covers a total of 40 articles. The entire process is reflected in the flow chart shown below (Figure 1).





3. Results


The results have been presented by describing the mechanism of action of each plant extract or its bioactive compound. The main mechanism of action in RMS cells of all extracts or their isolated compounds was apoptosis, representing 43% of all bioactive compounds of plant origin studied in the present systematic review [18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36], followed by 19% with antioxidant activity and cytotoxicity against tumor cells [37,38,39,40,41,42,43,44,45]. Up to 9% of extracts or bioactive compounds induce cell death by cell cycle arrest [23,32,35,46], although some of these extracts overlap with another mechanism such as apoptosis. Minor mechanisms are the inhibition of the formation of tumor colonies, representing 3% of the total [47,48], the blockade of specific transporters important in cell viability, representing 5% of all bioactive compounds studied [36,49,50], and another 5% of them acting by inhibiting cell motility [21,23,34]. Finally, for 16% of all bioactive compounds studied in the review, the mechanism of action remains unknown [15,16,35,51,52,53,54], as no molecular studies were carried out to reveal it (Figure 2).



On the one hand, the most commonly used parts of the plant to obtain the bioactive component were the leaves and the whole plant, which stood out in 23% of the studies. In studies that referred to the entire plant, no reference was made to which specific parts were included. Another important group for obtaining the bioactive compound has been the aerial parts of plants. The term ‘aerial parts’ refers to the set of stems, leaves, flowers, fruits, or seeds. It is noteworthy that the least used plant part was the seed (Figure 3A).



On the other hand, regarding the extraction method of the plant extract or bioactive compound, the most commonly used chemical components were methanol (56%), ethanol (25%), and distilled water (15%) (Figure 3B).



Another important fact to highlight in this first part of the results regarding the relevance of the topic is reflected in the number of articles published in recent years. As previously mentioned, research on plant extracts and their possible use as a complementary treatment to the current treatment for various tumors is booming, especially for the most common cancers, such as colon cancer. Regarding RMS, a progressive increase in the number of investigations has been observed. The first article on this topic dates to 1988, and the next one is from 2003, with no articles existing in this 15 year gap. Since 2002, no publications were registered until 2012, in which we can find two articles. The highest number of publications was reached in 2020 with a total of nine articles; however, this number has decreased to six in 2022 (Figure 4).



3.1. Plant Extracts and Isolated Bioactive Compounds That Induce Cell Death In Vitro through Apoptosis


Apoptosis is the predominant in vitro cell death mechanism in the different plant extracts and bioactive compounds analyzed in this systematic review [18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36]. Most of them induced both the intrinsic and extrinsic pathways of apoptosis, so the effect of tumor cell death was enhanced. Both pathways converge in the activation of caspases, which will carry out cell death. Apoptosis entails alterations in DNA condensation, fragmentation of the cell nucleus, or the formation of apoptotic bodies that will be degraded by phagocytic cells [55,56].



As shown in Table 1, the majority carried out this process by activating caspases 3, 8, and 9. The bioactive compounds obtained, through sonication, from the fruit of Punica granatum demonstrated, in a statistically significant manner, to be effective against human RMS cells versus healthy monkey cells [18]. This effectiveness was verified with the IC50 value, which indicates the concentration of the extract/drug necessary to inhibit 50% of the tumor population. The lowest IC50 value of this vegetable was obtained from its peel, being 14.8 ± 2.2 µg/mL.



The ethanolic extract of the leaves of Ficus carica, in combination with chemotherapy (doxorubicin hydrochloride) and photodynamic therapy, obtained an IC50 value of 0.15 µg/mL in RD, so the association of these three therapeutic options in vitro was better than monotherapy with the chemotherapeutic agents [19]. The same results were obtained with the ethanolic extract of rhizomes from Rheum ribes in combination with the Newcastle Disease Virus. The result was better than the use of the extract alone, obtaining an IC50 value of 0.00978 mg/mL. Cell death was produced by the activation of caspases 3 and 9 and by the expression of the virus surface antigen in the tumor cell line RD [22].



Turmeric is one of the most researched plants for its possible antitumor properties [57]. It has also been tested in RMS, both in the alveolar type (RH30 cell line) and in the embryonic type (RD cell line). Its extract was obtained using supercritical CO₂. The IC50 value of this extract is between 7133 and 7501 µg/mL, respectively; therefore, it was more effective in alveolar RMS. However, with the combination of Cyclophosphamide and Vinblastine, the IC50 value was between 0.004 and 0.045 µg/mL, making it more effective in the embryonic RMS cell line. Turmeric acts by inducing apoptosis and regulating the expression of the intrinsic pathway of genes such as Bcl-2, BAX, BAK, and p53. In addition, it has an anti-inflammatory role by inhibiting the expression of genes associated with inflammation, such as NF-κB [26].



Another extract that produces tumor cell death by regulating the intrinsic pathway of apoptosis is Crocus sativus, commonly called “saffron”. A methanolic extraction of these compounds was tested in two cell lines: one from RMS (TE-671) and another from glioblastoma (A-172). The isolated compounds were crocins (a type of carotenoid) and a crocin ester derivative (DMCRT). The result was statistically significant for treated versus untreated cells. The IC50 value of both bioactive components was similar in the TE-671 cell line using crocins (1.02 mg/mL) and DMCRT (1.27 mg/mL). However, the IC50 of the crocin extract in the A-172 cell line was higher (1.72 mg/mL) [33].




3.2. Plant Extracts and Isolated Bioactive Compounds with Antioxidant and Cytotoxic Action


Table 2 shows several extracts and bioactive plant compounds with antioxidant and cytotoxic action against tumor cells, representing 19% of the total search [37,38,39,40,41,42,43,44,45].



Tradescantia pallida, commonly called “Purpurina” contains phenols, flavonoids, and anthocyanins. The extract was obtained using methanol and was studied in vitro in RDATCC and CCL-136 tumor cell lines from RMS. These phytochemicals from the plant extract led to the formation of stable silver nanoparticles. Both the extract and the nanoparticles demonstrated, in a statistically significant manner, concentration-dependent antioxidant and cytotoxic activity [37]. The TpAgNP6 nanoparticle extract showed a lower IC50 value than that obtained from Tradescantia pallida (81.5 ± 1.9 μg/mL vs. 90.59 ± 1.6 μg/mL, respectively), showing that loading them into nanoparticles increases their effectiveness. Tecoma stans (“thunderer”) and Narcissus tazetta (“bunch daffodil”) are two other examples of the formation of nanoparticles from plant extracts. In this case, it was observed that cell viability decreased in a statistically significant manner with the association of the extract, nanoparticles, chemotherapy, and photodynamic therapy. After this combination, the lowest IC50 was shown with nanoparticles obtained from Tecoma stans branches (2.26 ± 0.9 µg/mL) [39].



Chamomile also appears in this systematic review, obtaining its extracts through ethanolic extraction and distilled water. Apigenin is a flavonoid that was isolated from this plant. The cell lines tested were RD (RMS), Hep2c (cervical carcinoma), and L20B (rat fibroblasts). The IC50 range observed between the different extracts is between 9.12 and 100.92 µg/mL. The best cytotoxic activity was from the unfermented extract of chamomile flowers in the Hep2c cell line. These extracts also had antimicrobial effects, especially against Escherichia coli and Candida albicans. The antimicrobial and antioxidant activities were better with fermented extracts; however, the cytotoxic activity was better with unfermented extracts [40].




3.3. Plant Extracts and Isolated Bioactive Compounds That Induce Cell Death by Cell Cycle Arrest


Cell cycle arrest in some of its phases is another mechanism of induced death of tumor cells. In this systematic review, 9% of the isolated bioactive compounds have this mechanism of cell death [23,32,35,46] (Table 3).



Berberine and Palmatine are two alkaloids isolated from Phellodendron amurense using distilled water and tested in embryonic RMS cells. Although the IC50 value was not calculated, it was found that these compounds inhibited tumor growth depending on the dose and exposure time, reaching their greatest inhibition after 72 h of treatment. Berberine treatment reduced cell growth by cell cycle arrest in the G1 phase, decreasing the levels of the Ki67 marker, especially in the ERMS1 cell line. However, Palmatine did not induce cell cycle arrest or apoptosis, although it showed cell growth inhibition, especially in the RD cell line [46]. In this case, this cell line is a malignant strain of embryonal RMS with amplification of the MYC gene. The possible mechanism of Palmatina interaction could be tumor cell formation.



Another example of plant extracts with cell cycle-induced apoptosis was the methanolic extract of Berberis orthonotrys root [23]. This extract was tested in the RH-30 cell line, which belongs to the alveolar RMS. The IC50 value after 24 h of treatment was 55.2 µg/mL, which stopped the cell cycle in the G2 phase. Flowers, leaves, and stems of Agrimonia eupatoria were studied in vitro against the growth of RMS (RD cell line), cervical cancer cells (HeLa cell line), and mouse fibroblasts (MEF cell line). Both methanol and aqueous extracts showed growth inhibition in both tumor cell lines, while there was no effect in healthy cells (MEF). Although the IC50 value has not been studied, the antitumor effects were dose- and time-dependent. The polyphenols of both extracts induced cell cycle arrest in G0/G1, while the flavonoids produced cycle arrest in the S phase [32].



Cotula cinerea is a plant that is found mostly in north Africa. Its aerial parts were used to study its antitumor action in RD cell lines versus healthy cells (VERO). Their extracts were obtained using 70% ethanol and 30% water. The extract that showed the lowest IC50 value was hexane, with a value of 57.21 ± 3.43 µg/mL in RD. However, in healthy cells, the extract that showed the lowest IC50 value was that of essential oil (obtained with distilled water), with a value of 72.72 ± 2.18 µg/mL. The possible mechanisms of action are multiple, highlighting apoptosis through the activation of caspases or cell cycle arrest. Further studies are needed to specify the exact mechanism of action [35].




3.4. Plant Extracts and Isolated Bioactive Compounds That Inhibit the Formation of Tumor Colonies


Among all the bioactive compounds analyzed, 3% of them inhibit the formation of tumor colonies [47,48], although the most specific mechanisms on how this inhibition is carried out are not included (Table 4).



The leaves and stem of Hypericum patulum, commonly called “St. John’s Wort” were used in three cell lines: RMS (RD), healthy cells (VERO), and laryngeal squamous cell carcinoma cells (HEP-2). The extract was obtained using methanol. This extract was compared with another one from the Hypericum family, called Hypericum mysorense. The results indicated that the Hypericum patulum stem extract is the most potent of all the extracts tested, with an IC50 value in RD of 0.72 ± 0.04 μg/mL, while the least potent is that of Hypericum patulum leaves in VERO, with an IC50 value of 447.69 ± 25.19 μg/mL [47].



The Senecio anonymous extract was obtained using 95% ethanol and tested in vitro on the A-204 cell line (RMS). Twelve alkaloids were isolated, among which two with the lowest IC50 stood out with a value of 120 ± 5 µg/mL. Despite this study, none of the extracts from this plant could be used as antitumor agents due to their hepatotoxicity; therefore, in vivo studies were not carried out [48].




3.5. Plant Extracts and Isolated Bioactive Compounds That Induce Cell Death by Blocking Proteins


In total 5% of the plant extracts or bioactive compounds induce cell death by blocking proteins [36,49,50], each with a different antitumor mechanism (Table 5).



Choerospondias axillaris is a tree whose extracts were obtained using methanol. It is known to have beneficial effects at the cardiovascular level. In the research study, it was demonstrated, in different cell lines, that each of its components could inhibit proliferation and causing toxicity in malignant cells. Five compounds (Choerosponols A–E) were isolated from its fruit, with compound two (Choerosponols B) being the most effective in SJCRH30 (RMS cells) with an IC50 value of 0.12 ± 0.02 μM, while compound A is more effective in D283 and A-673 (RMS cell lines). Compound one (Choerosponols A) had antitumor action by inhibiting the monocarboxylate transporter type 1 (MCT1), especially in Ewing sarcoma and medulloblastoma [49].



Another extract with bioactive compounds with antitumor activity against RMS was the methanol extract from the branches and leaves of Choerospondias axillaris. The isolated phytochemicals were eight types of limonoids studied in RMS and hepatocarcinoma cells. The IC50 value was similar in both cell lines, with a result of 10.08 µg/mL in RMS. Limonoids form a gamma-lactone ring at carbons C4–C7 as an antitumor mechanism; however, more studies are needed to confirm this hypothesis [50].



Finally, in the Morus alba root methanol extract, a specific type of flavonoid called Sangennon G1 is highlighted among its components [36]. This flavonoid inhibits the XIAP protein, which is an apoptosis inhibitor. The inhibition of XIAP induces apoptosis in cancer cells by activating caspase 9. It is known that the extract alone had less effect than the combination with etoposide. This action was verified in vitro in RMS, T-cell lymphoblastic leukemia, and neuroblastoma cells.




3.6. Plant Extracts and Isolated Bioactive Compounds That Induce Cell Death by Restricting Motility


Only 5% of all plant extracts or bioactive compounds analyzed in this systematic review used inhibition of cell motility as a single mechanism or in combination with others [21,23,34] (Table 6).



The bioactive compounds from the root of Vincetoxicum arnottianum, phytosterols (beta-sitosterol) and triterpenes (lupeol), were obtained using methanol. Its effect was studied in vitro in two alveolar RMS cell lines and one of the healthy human cells (RH-30, HA-OH 1, and hMSC, respectively). The combined treatment with β-sitosterol and lupeol produced a significant decrease in cell viability of 30% in RH-30 and 35% in HA-OH1. The lowest IC50 value was 188.75 μg/mL for the RD cell line, while in healthy cells no cytotoxicity was shown since high concentrations of the isolated compounds were needed, showing an IC50 greater than 1000 μg/mL. Their mechanism of action is based on apoptosis and, especially, on the restriction of motility through the stabilization of the cytoskeleton through the transcription factor SP1 [21].



Another extract previously discussed was obtained from the root of Berberis orthobotrys. In addition to cell cycle arrest, it inhibits cell motility by stabilizing the cytoskeleton and degrading oncosomes, which are vesicles released by tumor cells [23].



As shown in Table 3, the compounds isolated from Nicotiana glauca leaves using 96% ethanol were formed by palmitic acid and scopoletin. Although scopoletin showed better results in reducing cell proliferation in the RD cell line, both were inducers of apoptosis from the first three hours of treatment until the end of the trial (48 h). In addition, they reduced cell migration capacity [34].




3.7. Plant Extracts and Isolated Bioactive Compounds with Unknown Mechanism of Action


The last group is shown in Table 7, representing 16% of all bioactive compounds and plant extracts analyzed. They demonstrated the antitumor capacity, but without specifying its mechanism of action [15,16,35,51,52,53,54].



The hydroethanolic extract of the well-known “Rosemary” was capable of inhibiting cell proliferation, exerting its best activity after 72 h of treatment. Its isolated compounds were carnosic acid, carnosol, and rosmarinic acid, all phenols. It is effective in both RMS (TE671) and glioblastoma (A172) cell lines. The lowest IC50 value was 0.249 ± 1.09 mg/mL in TE671 after 72 h of treatment. This extract was dose- and time-dependent [16].



In addition, nanoparticles were obtained from the branches and leaves of Datura suaveolens and Verbena tenuisecta. Both plants contain flavonoids and phenols. The greatest effectiveness of the methanol extract was obtained after 48 h of in vitro treatment against RMS cells. It is known that the extract reduces cell viability; however, this effect was greater with the use of nanoparticles from Datura suaveolens leaves, whose IC50 value is 2.4 ± 0.9 μg/mL. These plant extracts also had an antibacterial effect [51].



Finally, it should be noted that the temperature at which the extracts were obtained can have a relevant role in cell viability. Extracts of Kunzea ericoides leaves with water in a subcritical state at 210 °C showed lower IC50 values than those with ethanol. The lowest IC50 was in L cells (healthy mouse cells) with a value of 216.8 ± 3.4 μg/mL, followed by the RD cell line, whose result was 389 ± 0.8 μg/mL. Therefore, worse results were obtained with ethanol extracts. Dose, time, and temperature are essential for the antitumor action of these extracts [54].





4. Discussion


The incidence of sarcomas is around 7% in children, and half of these patients are diagnosed with RMS [1,2]. In recent years, despite progress in the treatment of RMS, the results have not been as expected since it has metastasized in more cases. Because of this, new and more effective treatments are needed. Therapies derived from natural products are powerful current and future research tools to use in combination with classic cancer treatments to increase survival and decrease their toxicity [4,58,59].



Most of the research studies included in this systematic review are based on in vitro cell death through apoptosis. The most commonly used cell line has been RD, an embryonal RMS cell. However, they have also been used in the most malignant histological variant, that is, the alveolar, being the RH-30 cell line the most used [21,23,24,26,49]. In RH-30 and RMS-13, both alveolar RMS cell lines, it has been shown that apoptosis can occur both through the intrinsic pathway and through caspase activation [24,26].



Many of the extracts were obtained with polar solvents, for example, methanol or ethanol. In the specific case of apoptosis, it was observed that methanol is the most commonly used solvent, and its extracts have apoptotic potential against the RH-30 and RD cell lines [21,23]. On the contrary, it should be noted that, in the scientific literature on extraction methods for bioactive compounds of plant origin, ethanol is the most commonly used for the extraction of polyphenols [60]. However, for RMS cells, most of the extracts were obtained with methanol, showing high amounts of polyphenols and flavonoids.



Flavonoids and phenols are the most common bioactive compounds in plant extracts. The extraction methodology using solvents such as methanol and ethanol enhances the extraction of these bioactive compounds [61]. Although these extracts may contain other compounds, it is those of a phenolic nature that present the greatest antioxidant and antitumor bioactivity. In fact, in the case of Phyllanthus debilis extract [62], the antiproliferative and antioxidant activity were greater in plant roots since they contained more phenols. The IC50 value of the root extract in the RD cell line was 216.52 ± 11.90 µg/mL, highlighting that Phyllanthus debilis did not show cytotoxicity against healthy cells used as a control (CC-1).



Regarding the analysis of plants studied in this systematic review, Choerospondias axillaris [49,50] was the only plant species studied in two different scientific articles published in 2020. Its mechanism of action was different depending on the part of the plant used for the extract, showing better results from the extract obtained from its fruits. Therefore, it is important to know which part of the plant has been used for the extract since they may have different compounds. The genus Veronica appeared in two different studies, although they analyzed different species [28,43]. Some species of the genus Berberis were analyzed in three different articles, according to which apoptosis was the mechanism of cell death [23,24,27]. However, this does not mean that these plant extracts or isolated bioactive compounds were more relevant than the rest against RMS.



In addition to the use of the plant extract against the tumor individually, synergy studies have been carried out with the chemotherapy regimens used clinically. In seven of the articles included in this systematic review, the functional extracts were studied together with or in comparison with chemotherapy drugs. Some of them have proven that the combination of chemotherapy and plant extract achieves a greater cytotoxic effect against tumor cells and less toxicity in non-tumor cells, as shown in Curcuma amada, Ficus carica, Tecoma stans, and Narcissus tazetta [19,26,39]. In four articles, the antitumor activity of the extract was simply compared with that of the chemotherapy agent, as in the methanol extract of Spondias mombin seeds against the RD cell line. The IC50 value of the extract was 139 ± 0.54 µg/mL, while the IC50 value of cyclophosphamide was 0.97 ± 0.03 µg/mL. Despite having a higher IC50, the extract proved, in vitro, to be 143 times less toxic than cyclophosphamide [53]. In addition, the methanol extract contains a high amount of flavonoids and phenols, which give it antioxidant properties.



In addition to extracts of plant origin, there are extracts from the Kingdom of Fungi with antitumor activity in RMS or marine species like Anemonia sulcata with antitumoral activity against colon cancer [63]. In, Lenzites quercina, whose extract was obtained from its fruits using ethanol, presents antitumor activity against RSM in vitro. The cell lines used were RD, VERO, and HeLA (Human cervical cancer cells). The IC50 value of various extracts was between 0.11 µg/mL and 623 µg/mL, with the most effective being the ethyl acetate extract not fermented in HELA, although in the VERO cell line (healthy cells) high doses are needed to achieve cytotoxicity of this extract. In RD cells, the most effective IC50 was 0.46 µg/mL of the fermented ethanol extract, and the least effective was that of unfermented ethyl acetate (18.57 µg/mL) [64].



Another new therapeutic tool that has been included in this systematic review is the possibility of using nanoparticles against RMS. Nanoparticles are a new field of research in nanobiotechnology since they have potential applications in biomedicine. They have mainly been designed to transport drugs to specific tissues of the human body. In their use against tumor cells, they present several advantages concerning the traditional chemotherapy drugs, like greater permeability to cross-cell membranes due to their small size, biocompatibility, longer drug release time, less degradation of the drug, and toxicity of healthy cells because they specifically target malignant cells [65,66]. There are various biocompatible materials with which nanoparticles are developed, highlighting silver nanoparticles that have shown they are not toxic to human cells while they are toxic to bacteria or fungi. Therefore, they could have antimicrobial and antifungal effects [65]. In this case, nanoparticles are of interest due to their possible antitumor effect. Many studies have documented that biomolecules from plant extracts are useful for the formation of nanoparticles [66,67,68,69]. In this review, three articles were included in which the effectiveness of the extract and the nanoparticles were compared. Nanoparticles from Tecoma stans branches showed the best results against RD [39]. Nanoparticles are not only used against RMS but also in numerous types of tumors. This is the case of a recent article that studied silver nanoparticles from the methanol extract from the leaves and flowers of Tecoma stans. In this study, the antiproliferative effect was studied in vitro against colorectal cancer cells, concluding that it could be a potential antitumor tool. In addition, it presented antimicrobial and antioxidant effects. Likewise, its authors highlight the importance of carrying out in vivo studies that corroborate this [70]. Nanoparticles from the Datura suaveolens leaf extract [51] also demonstrated a tumor effect in vitro against RD, a cell line with a low IC50 value. However, there are no assays in other cell lines that can corroborate this effect. Another article that studied nanoparticles in the RD was the one that used the aerial parts of Tradescantia pallida. Better results were obtained with nanoparticles from the methanol extract of Tradescantia pallida than with the free extract [37]. However, when compared with the literature on the subject, there are no studies that analyze the antitumor effect of this plant on other cell lines. There is only one article that has analyzed the antibacterial and antioxidant effects of using the leaves of this plant to form nanoparticles [71].



Finally, another novel therapeutic option is the combination of viruses with plant extracts and chemotherapy against certain tumors. This review includes Rheum ribes rhizome extract, combining it with Newcastle Disease Virus [22]. The synergistic effect of both was demonstrated to trigger apoptosis in vitro in rat mammary adenocarcinoma, human RMS, and glioblastoma cells. In vivo, the same effect was demonstrated, but only in rat mammary adenocarcinoma cells. Furthermore, this combination was not toxic to healthy cells used as a control. The oncogenic power of this virus is reflected in the scientific literature of the last ten years. A recent article demonstrated the inhibition of tumor growth of glioblastoma multiforme using this virus [72] and exposed the synergistic effect of Temozolomide nanoparticles (classic chemotherapy for this tumor) and Newcastle Disease Virus inducing apoptosis, in vitro, of the cells of this brain tumor. In both articles, the mechanism of cell death is apoptosis.



Given the results obtained in this systematic review, it can be stated that functional extracts of plant origin are a source of bioactive compounds with antitumor activity for RMS, an aggressive tumor with a high childhood incidence rate. Although in recent years its study has increased, these are not enough, requiring more complete studies regarding the molecular mechanism of action. One of the limitations of the study was that of the articles included in the systematic review, not all of them carried out experiments to understand the mechanisms of action of the functional extracts or isolated compounds. These studies are fundamental since, by knowing them, the bioactive compounds are better characterized, and synergy studies with chemotherapy or loading on nanoparticles can be carried out. Kakouri et al. (2022) studied the antiproliferative activity of dried leaves of Rosmarinus officinalis in RMS; however, the mechanism of action is unknown because no techniques have been used in said research to elucidate it [16]. Despite this, the isolated compounds have been studied in other types of cancer. Carnosic acid is known to induce apoptosis by activating both intrinsic and extrinsic pathways and inhibiting the Akt-mTOR signaling pathway in gastric cancer [73]. Ogbole et al. (2017) studied the roots and leaves of Calliandra portoricensi [15]. One of the isolated compounds, Kaempferol, has been studied in another study. Kaempferol is known to induce apoptosis in pancreatic cancer [74] and breast cancer [75]. Other research points to the induction of autophagy in non-small cell lung cancer [76]. Therefore, a more complete study of the pathways of action of extracts and bioactive compounds in RMS is necessary. In addition, there are parts of plants that are not usually studied, such as seeds, which are a source of bioactive compounds with antitumor activity for numerous types of cancer [77,78].




5. Conclusions


Throughout this systematic review, it has been proven that bioactive compounds from plant extracts or the extracts themselves are a powerful therapeutic tool against RMS, with most of them presenting lower toxicity compared to chemotherapy treatment. Although the mechanisms of cell death are varied in most of the extracts, apoptosis stands out as the most common cell death mechanism. In this systematic review, the possibility of other tools has also been studied as possible future lines of treatment for this sarcoma, such as the use of nanoparticles and viruses. This approach results in greater efficacy in co-treatment with chemotherapy. It is important to highlight that there are fewer research studies on this type of sarcoma, and most of these studies are being carried out only in vitro. Therefore, more studies are necessary to be able to transfer the information to the clinic, although the research carried out to date represents an important advance in the treatment of RMS compared to the classic approach.
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Figure 1. Schematic diagram representative of the selection process of included studies carried out for this review. 
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Figure 2. A graphic representation of the main mechanisms of action of plant extracts or bioactive compounds on RMS cells in vitro. 
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Figure 3. Graphic representation of (A) plant parts and (B) solvents that have been used to obtain the functional extracts. 
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Figure 4. Graphic representation of the number of articles included in this systematic review published by year. 
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Table 1. Plant extracts and isolated bioactive compounds that induce cell death in vitro by apoptosis.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract

or Isolated Compounds
	Mechanism of Action





	Fruit of Punica granatum [18]
	Sonication and microwaving
	PL

PC
	RD

VERO
	RD: PL: 14.8 ± 2.2 µg/mL

PC: 30 ± 0.9 µg/mL

VERO: Both >1000 µg/mL
	Inducing apoptosis by caspases 3 and 8 activation.



	Leaves of Ficus carica [19]
	Ethanol 70%
	Flavonoids
	RD
	FC: 6.25 µg/mL

FC + Dox-HCl (0.125 µM) + PDT (10 J/cm2): 0.15 µg/mL
	Changes in cell morphology suggest apoptosis.

Strong synergism with chemotherapy.



	Roots of Berberis cretica [20]
	Methanol
	Magnoflorin
	TE671
	22.83 ± 8.65 µg/mL
	Inducing apoptosis by caspases 3 activation.



	Roots of Vincetoxicum arnottianum [21]
	Methanol
	β- Sitosterol

β Sitosterol-D-glucoside

Lupeol
	RH-30

HA-OH1

hMSC
	RH-30: 188.75 μg/mL

HA-OH1: 220.54 μg/mL

hMSC: 1433.14 μg/mL
	Inducing apoptosis by the PAX3-FOXO1 pathway.

Proliferation reduction by PCNA protein.

Motility restriction is achieved by stabilizing the cytoskeleton through S1P.



	Rhizomes of Rheum ribes [22]
	Methanol 95%
	Flavonoids

Alkaloids
	RD
	NDVE: 0.00978 mg/mL

Extract: 0.3125 mg/mL
	Inducing apoptosis by caspases 3 and 9 activation.

Expresses the virus surface antigen on the tumor cell.



	Berberis orthobotrys root [23]
	Methanol
	
	RH-30
	55. 2 μg/mL
	Motility inhibition occurs through stabilization of the cytoskeleton.

Oncosome degradation.

Cell cycle arrest in G2-apoptosis by downregulation of Bcl-2, Bax, and PCNA.



	Viscum album and

Viscum TT [24]
	Ethanol
	Viscotoxins

Lectins

Triterpenes (in Viscum TT).
	RH-30

RMS-13
	
	Apoptosis occurs by depolarizing the mitochondrial membrane and activating caspases.



	Ripe fruits of Fulvifomes fastuosus [25]
	Methanol
	Ergone
	RD

CC-1

HepG-2
	RD: 1.49 ± 2.74 µg/mL

CC-1: 22.99 ± 2.42 µg/mL

HepG-2: 68.32 ± 2.49 µg/mL
	Apoptotic changes, such as fragmentation of the cell nucleus.



	Curcuma amada [26]
	Supercritical CO2 extraction
	(E)-Labda-8(17), 12-diene-15, 16-dial.

β-myrcene.

β pinene.

Β-caryophyllene.

Ocimene.
	RH-30

RD (ERMS)
	CA in RD: 7.501 ± 0.5 µg/mL

CA in SJRH30: 7.133 ± 1.2 µg/mL

CA + VBL + CP in RD: 0.004 ± 0.0 µg/mL

CA + VBL + CP in SJRH30: 0.045 ± 0.0 µg/mL
	Apoptosis by regulating the expression of intrinsic pathway genes (Bcl-2, Bax, Bak, and p53).

Inhibition of the expression of inflammation-associated genes such as COX-2 and NF-κB.

Synergic effect with chemotherapy.



	Aerial parts of Plantago lagopus [27]
	Methanol
	Verbascoside

Calceorioside A
	HEP-2

RD

MCF-7
	Verbascoside in RD: 36.24 µg/mL

Calceorioside A in RD: 40.28 µg/mL
	Apoptotic changes in cell morphology.

Antioxidant activity.



	Different species of Veronica

[28]
	Methanol
	11 types of iridoids: highlighting verminoside
	HEP-2

RD

L20B

VERO
	Verminoside in RD: 70 μM; L20B: 103 μM; HEP-2: 128 μM
	Apoptotic body formation.



	Chnoospora mínima

[29]
	Methanol 70%
	Phenols

Flavonoids

Alkaloids
	RD

MCF-7

VERO
	RD: 197.23 ± 68 μg/mL
	Apoptosis with activation of p53 and caspases 3 and 7, morphological changes in cells, and DNA fragmentation.



	Terminalia chebula

Berberis lycium

Justicia adhatoda

Geranium wallichianum [30]
	Distilled water
	Phenols

Flavonoids
	RD
	-
	Probable apoptosis.



	Leaves of Sesamum angustifolium

and Hibiscus articulatus [31]
	Dichloromethane, acetone, and methanol extract
	-
	RD
	Dichloromethane extract: 106 μg/mL

Methanol extract: 122 μg/mL

Aqueous extract: 129 μg/mL

Acetone extract: 158 μg/mL
	Morphological changes in cells such as loss of cell adhesion.

Apoptosis by activation of caspases 3 (increased with methanol extract) and 9 (increased with dichloromethane).



	Flowers, leaves, and stem of Agrimonia eupatoria [32]
	Distilled water

Methanol
	Flavonoids and tannins
	RD

HeLa

MEF
	
	Polyphenols induce apoptosis with cell cycle arrest at G0/G1 and antioxidant action.

Flavonoids induce apoptosis with cell cycle arrest in S and inactivation of the BCL-2 gene.



	Crocus sativus [33]
	Methanol
	Cronins DMCRT
	A-172

TE-671
	A-172: Crocins: 1.72 mg/mL

DMCRT: 1.95 mg/mL

TE-671: Crocins: 1.02 mg/mL

DMCRT: 1.27 mg/mL
	Apoptosis occurs through the regulation of BAX, BID, BCL-2, and MYCN.



	Leaves of Nicotiana glauca [34]
	Ethanol 96%
	Palmitic acid

Scopoletin
	RD
	
	Palmitic acid and scopoletin (apoptosis inducers).

Reduced cell migration capacity.



	Essential oil from the aerial parts of Cotula cinerea [35]
	Distilled water
	-
	RD

VERO
	RD: 173.05 ± 4.46 µg/mL

VERO: 72.72 ± 2.18 µg/mL
	Multiple mechanisms: apoptosis with activation of caspases, DNA methylation, histone acetylation, and cell cycle arrest.



	Aerial parts of Cotula cinérea [35]
	Ethanol 70%

Hexane

Ethyl acetate

n-butanol
	-
	RD

VERO
	RD: Hexane extract: 57.21 ± 3.43 µg/mL

Ethyl acetate extract: 187.52 ± 6.27 µg/mL

-n-butanol extract: >500 µg/mL
	Multiple mechanisms: apoptosis with activation of caspases, DNA methylation, histone acetylation, and cell cycle arrest.



	Roots of Morus alba [36]
	Methanol
	SG1

SG3
	T-ALL

OVCAR-4

SH-EP, IMR-32

NxS2
	SG1 in OVCAR-4: 34.26 μM
	SG1 inhibits the XIAP protein, which leads to the initiation of apoptosis by activating caspase 9.







A-172 (Glioblastoma cells); CC-1 (Healthy rat liver cells); CA (Curcuma amada); CP (Cyclophosphamide); DMCRT (methyl ester derivative dimethyl crocetin); Dox-HCl (Doxorubicin hydrochloride); DTIC (Dacarbazine); ERMS (Embryonal rhabdomyosarcoma); FC (Ficus carica); FP (Fermented petroleum extract); FEA (Fermented ethylacetate extract); FET (Fermented ethanol extract); HeLa (Human cervical cancer cells); HEP-2 (Human epidermoid laryngeal carcinoma cells); HepG-2 (Human hepatocellular carcinoma cells); hMSC (Healthy human mesenchymal cells); L2OB (Rat fibroblasts); MCF-7 (Human breast cancer cells); MEF (Mouse fibroblasts); NDVE (Newcastle Disease Virus Extract); NFET (Non-fermented ethanol extract); NFP (Non-fermented petroleum extract); NFEA (Non-fermented ethylacetate extract); OVCAR-4 (Rhabdomyosarcoma cells); PDT (Photodynamic therapy); PL (Pomegranate peel); PC (Pericarp); PCNA (Proliferating cell nuclear antigen); RD (Embryonal rhabdomyo-sarcoma cells); RH-30 and HA-OH1 (Alveolar rhabdomyosarcoma); S1P (Transcription factor); SG1 (Sanggenon G1); SG3 (Sanggenon G3); SH-EP, IMR-32 and NxS2 (Neuroblastoma cells); T-ALL (T-cell lymphoblastic leukemia); TE671 (Rhabdomyosarcoma cells); VBL (Vinblastine); VERO (Healthy African monkey cells); Viscum TT (Viscum album + triterpenes).













 





Table 2. Plant extracts and isolated bioactive compounds with antioxidant and cytotoxic actions.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract

or Isolated Compounds
	Mechanism of Action





	Aerial parts of Tradescantia pallida [37]
	Methanol 80%
	Phenols

Proanthocyanidin
	RDATCC

CCL-136
	T. pallida: 90.59 ± 1.6 μg/mL

TpAgNP6: 81.5 ± 1.9 μg/mL
	Antioxidant action.

Proliferation inhibition of malignant cells.



	Roots and aerial parts of Phyllanthus debilis  [38]
	Distilled water
	Phenols

Proanthocyanidin
	RD

CC-1
	AP: RD: 287.16 ± 8.39 µg/mL

CC-1: 555.03 ± 4.21 µg/mL

Root: RD: 216.52 ± 11.90 µg/mL

CC-1: 842.01 ± 7.53 µg/mL
	Antioxidant action is due to the ability of polyphenols to neutralize reactive species by donating electrons or hydrogen atoms.



	Tecoma stans and Narcissus tazetta [39]
	Methanol
	
	RD
	N. tazetta extract: 16.9 ± 0.6 µg/mL

N. tazetta NPs: 4.79 ± 1.1 µg/mL

T. stans Branch NPs: 2.26 ± 0.9 µg/mL
	The methanolic extracts presented antitumor and antioxidant effects, highlighting that their loading in nanoparticles increased their effectiveness in terms of antitumor activity.



	Chamaemelum nobile [40]
	Ethanol

Distilled water
	Apigenin-7-O-β-glucoside
	RD

Hep2c

L2OB
	Non-fermented extract in RD:

12.51 ± 1.77 µg/mL

Non-fermented extract in Hep2c: 9.12 ± 0.99 µg/mL

Fermented extract in RD: 35.78 ± 0.32 µg/mL
	Non-fermented and fermented extracts presented antitumor and antioxidant activity.



	Anchusa officinalis, Echium vulgare, and Echium italicum [41]
	Methanol

Ethanol

Chloroform

Acetone
	-
	HEP2

RD

L2OB
	RD:

Anchusa officinalis: 141.91 μg/mL

Echium vulgare: 121.1 μg/mL

Echium italicum: 129.76 μg/mL
	The functional extract presented antitumor and antioxidant activity, probably due to its ability to neutralize free radicals.



	Aerial parts of Artemisia abrotanum [42]
	Distilled water

Oil extract
	-
	RD
	
	Cytotoxic activity is due to oil components. Unknown mechanism of action.



	Veronica peduncularis [43]
	Methanol Aqueous extract
	
	RD

HEP-2
	RD: 230 µg/mL

HEP-2: 390 µg/mL
	Cytotoxicity.

Antioxidative activity, highlighting its ability to neutralize DPPH.



	Onosma aucheriana aerial parts [44]
	Distilled water
	Flavonoids, phenols, tannins, and gallotannins.
	RD

Hep2c

L20B
	RD: 50.57 ± 0.20 µg/mL

Hep2c: 40.34 ± 0.59 µg/mL

L20B: 25.54 ± 0.20 µg/mL
	Cytotoxic action (without specifying the exact mechanism of action).

Antioxidant action, highlighting the ability of phenols to neutralize the reactive agents.



	Roots of soy molasses and kudzu [45]
	Methanol
	Isoflavones
	A-172

HOS

RD
	S.M extract in RD: 244.4 µg/mL

KR extract in RD: 337.4 µg/mL
	Antioxidative effect due to neutralization of reactive species.

Antiproliferative effect.







A172 (Glioblastoma cells); AP (Aerial parts); CC-1 (Healthy rat liver cells); Hep2c (Human cervical carcinoma cells); HEP-2 (Human epidermoid laryngeal carcinoma cells); HOS (Osteosarcoma); KR (Kudzu roots); L2OB (Rat fibroblasts); NPs (Nanoparticles); RDATCC and CCL-136 (Rhabdomyosarcoma cells); RD (Embryonal rhabdomyosarcoma cells); S.M (Soy Molasses); TpAgNP6 (Extract of Tradescantia pallida load in silver NPs).













 





Table 3. Plant extracts and isolated bioactive compounds that induce cell death by cell cycle arrest.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract or Isolated Compounds
	Mechanism of Action





	Phellodendron amurense  [46]
	Distilled water
	Berberine

Palmatine
	ERMS 1

KYM 1

RD
	-
	Berberine arrests the cell cycle in the G1 phase.

Palmatine acts through a possible interaction with the formation of the extracellular matrix of the tumor cell.



	Roots of Berberis orthobotrys [23]
	Methanol
	-
	RH-30
	55.2 µg/mL
	Motility inhibition occurs through stabilization of the cytoskeleton.

Oncosome degradation.

Reduction of proliferation with cell cycle arrest in the G2 phase.

Initiation of apoptosis through reduction of Bcl-2, Bax, and PCNA.



	Flowers, leaves, and stem of Agrimonia eupatoria [32]
	Distilled water

Methanol
	Polyphenols

Flavonoids
	RD

HeLa

MEF
	
	Polyphenols induce apoptosis with cell cycle arrest at the G0/G1 phase and antioxidant action.

Flavonoids induce apoptosis with cell cycle arrest in the S phase and inactivation of the BCL-2 gene.



	Aerial parts of Cotula cinerea  [35]
	Ethanol 70%

Ethyl acetate

Hexane

n-butanol
	-
	RD

VERO
	RD: HE: 57.21 ± 3.43 µg/mL

EAE: 187.52 ± 6.27 µg/mL

NBE: more than 500 µg/mL

VERO: HE: 142.27 ± 11.33 µg/mL

EAE: 212.83 ± 9.02 µg/mL

NBE: 447.38 ± 6.52 µg/mL
	Apoptosis involves the activation of caspases, DNA methylation, histone acetylation, and cell cycle arrest.



	Essential oils from the aerial parts of Cotula cinerea [35]
	Distilled water
	-
	RD

VERO
	RD: 173.05 ± 4.46 µg/mL

VERO: 72.72 ± 2.18 µg/mL
	Multiple mechanisms: apoptosis with activation of caspases, DNA methylation, histone acetylation, and cell cycle arrest.







ERMS 1 (Embryonal rhabdomyosarcoma); EAE (Ethyl acetate extract); HE (Hexane extract); HeLa (Human cervical cancer cells); KYM 1 (Rhabdo-myosarcoma cells); MEF (Mouse fibroblasts); NBE (n-butanol); RD (Embryonal rhabdomyosarcoma cells); PCNA (Proliferating cell nuclear antigen); RH-30 (Alveolar rhabdomyosarcoma cells); VERO (Healthy African monkey cells).













 





Table 4. Plant extracts and isolated bioactive compounds that inhibit tumor colony formation.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract

or Isolated Compounds
	Mechanism of Action





	Leaves and stem of Hypericum patulum [47]
	Methanol
	
	-RD

VERO

HEP-2
	-H.p leaves in RD: 117.76 ± 6.02 μg/mL

-H.p leaves in VERO: 447.69 ± 25.19 μg/mL

-H.p stem in RD: 0.72 ± 0.04 μg/mL

-H.p stem in VERO: 1.82 ± 0.12 μg/mL
	Inhibition of tumor colony formation.



	Senecio Anonymous [48]
	Ethanol 95%
	12 pyrrolizidine alkaloids
	A-204
	Compounds 2 and 3: 120 ± 5 µg/mL
	Tumor growth inhibition (not for use in vivo due to hepatotoxicity.)







A-204 (Embryonal rhabdomyosarcoma cells); HEP-2 (Human epidermoid laryngeal carcinoma cells); H.p (Hypericum patulum); RD (Embryonal rhabdomyosarcoma cells); VERO (Healthy African monkey cells).













 





Table 5. Plant extracts and isolated bioactive compounds induce cell death by blocking proteins.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract

or Isolated Compounds
	Mechanism of Action





	Fruits of Choerospondias axillaris [49]
	Methanol
	Choerosponols A–E
	A-673

RH30

D283

Hep293TT
	RH30:

Compound 2: 0.12 ± 0.02 μM

Compound 1: >10 μM
	Compound 1 induced inhibition of the MCT1 transporter (SLC16A1 gene).



	Branches and leaves of Choerospondias axillaris [50]
	Methanol
	Limonoids 1–8
	HEP-G2

RD
	HEP-G2: 8.02 µg/mL

RD: 10.08 µg/mL
	Limonoids induced the formation of a gamma-lactone ring at carbons C4–C7.



	Root of Morus alba [36]
	Methanol
	Sanggenon G1

Sanggenon G3
	T-ALL

OVCAR-4

SH-EP IMR-32 NxS2
	SG1 in OVCAR-4: 210 μM
	SG1 inhibits the XIAP protein, leading to the initiation of apoptosis.







A-673 (Ewing sarcoma); H-EP, IMR-32, and NxS2 (Neuroblastoma cells); HepG-2 (Human hepatocellular carcinoma cells); MCT1 (monocarboxylate transporter 1); RD (Embryonal rhabdomyosarcoma cells); RH30 (Alveolar rhabdomyosarcoma cells); SG1 (Sanggenon G1); T-ALL (T-cell lymphoblastic leukemia); OVCAR-4 (Rhabdomyosarcoma cells).













 





Table 6. Plant extracts and isolated bioactive compounds that induce cell death by restricting motility.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract

or Isolated Compounds
	Mechanism of Action





	Roots of Vincetoxicum arnottianum [21]
	Methanol
	ß-sitosterol

Lupeol
	RH-30

HA-OH 1

hMSC
	RH-30: 188.75 μg/mL

HA-OH1: 220.54 μg/mL

hMSC: 1433.14 μg/mL
	Apoptosis induction by PAX3-FOXO1.

Motility restriction by stabilization of the cytoskeleton through SP1.



	Root of Berberis orthobotrys [23]
	Methanol
	-
	RH30
	55.2 µg/mL
	Motility inhibition occurs through stabilization of the cytoskeleton.

Oncosome degradation.

Proliferation reduction with cell cycle arrest in G2.

Initiation of apoptosis through reduction of Bcl-2, Bax, and PCNA.



	Leaves of Nicotiana glauca [34]
	Ethanol 96%

Hexane

Chloroform

Ethyl acetate
	Hexane: palmitic acid extract

Chloroform: scopoletin extract
	RD
	
	Palmitic acid and scopoletin are inducers of apoptosis.

Reduction of cell migration capacity.







hMSC (Human healthy mesenchymal cells); PAX3-FOXO1 (Fusion gene); RD (Embryonal rhabdomyosarcoma cells); RH-30 and HA-OH 1 (Alveo-lar rhabdomyosarcoma cells); SP1 (Transcription factor).













 





Table 7. Plant extracts and isolated bioactive compounds with unknown mechanism of action.
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	Raw Material
	Extraction Method
	Isolated Compound(s)
	Cell Line
	IC50 Value of the Functional Extract or Isolated Compounds





	Dried leaves of Rosmarinus officinalis [16]
	Hydroethanolic solution: 70%
	Carnosic acid

Carnosol

Rosmarinic acid
	TE671

A172
	TE671: 0.249 ± 1.09 mg/mL

A172: 0.577 ± 0.98 mg/mL



	Branches and leaves of Datura suveolens and Verbena tenuisecta [51]
	Methanol

Nanoparticles
	Flavonoids

Phenols
	RD
	V. tenuisecta: 42.5 ± 0.6 μg/mL

D. suaveolens leaves nanoparticles: 2.4  ±  0.9 μg/mL

D. suaveolens branches: 7.8 ± 1.1



	Branches, leaves, and fruit of Anacolosa clarkii [52]
	Methanol
	Anacolosin A–F (1–6)

Corymbulosa: X and Y (7–8)

Two more compounds: 9–10
	A-673

RH30

D283

Hep29