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Cancers are a potential cause of death worldwide and represent a massive burden for healthcare systems. Treating cancers requires substantial resources, including skilled personnel, medications, instruments, and funds. Thus, developing cancer prevention and treatment measures is necessary for healthcare personnel and patients alike. P. odoratum (Polygonaceae family) is a plant used as a culinary ingredient. It exhibits several pharmacological activities, such as antibacterial, antifungal, antioxidant, anti-inflammatory, and anticancer. Several classes of phytochemical constituents of P. odoratum have been reported. The important ones might be polyphenol and flavonoid derivatives. In this systematic review, the activities of P. odoratum against cancerous cells were determined and summarized. Data were obtained through a systematic search of electronic databases (EMBASE, PubMed, Scopus, Thai Thesis Database, Science Direct and Clinical Key). Eight studies met the eligibility criteria. The cancerous cell lines used in the studies were lymphoma, leukemia, oral, lung, breast, colon, and liver cancer cells. Based on this review, P. odoratum extracts significantly affected Epstein-Barr virus (EBV) genome-carrying human lymphoblastoid (Raji), mouse lymphocytic leukemia (P388), human acute lymphocytic leukemia (Jurkat), breast adenocarcinoma (MCF-7), human colon adenocarcinoma (HT-29), human T lymphoblast (MOLT-4), human promyelocytic leukemia cell line (HL-60), human hepatocellular carcinoma (HepG2), and oral squamous cell carcinoma (SAS, SCC-9, HSC-3) through induction of cell apoptosis, arrest of the cell cycle, inhibition of cell proliferation, migration, and colonization. The molecular mechanism of P. odoratum against cancers was reported to involve suppressing essential proteins required for cell proliferation, colonization, migration, apoptosis, and angiogenesis. They were survivin, cyclin-D, cyclooxygenase 2 (COX-2), matrix metalloproteinase-9 (MMP-9), and vascular endothelial growth factor A (VEGF-A). The extract of P. odoratum was also involved in the protein kinase B (Akt)/mammalian target of rapamycin (mTOR) pathway by inhibiting the expression of Akt, phosphorylated Akt, mTOR, and phosphorylated mTOR. From the key results of this review, P. odoratum is a promising chemotherapy and chemopreventive agent. Further investigation of its pharmacological activity and mechanism of action should be conducted using standardized extracts. In vivo experiments and clinical trials are required to confirm the anticancer activity.
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INTRODUCTION
Cancers are a group of diseases that are one of the most common causes of death in every country worldwide. The prevalence of cancer worldwide is increasing dramatically. In 2020, the estimated number of new cases in 135 countries was 19.3 million, and cancer mortality was almost 10.0 million (Sung et al., 2021). Cancers have a high impact on national economies and healthcare systems. Cancer preventive measures and treatments are vital for medical and pharmaceutical practitioners. Sustainable and transitioning offers are sought for global cancer control. Among these measures, alternative medicines offer novel approaches. Traditional Thai medicine is a very important alternative medicine.
Medicinal plants have been widely used for a long time in traditional medicine. Patients accept herbal medicines because of their safety, efficacy, availability, and price. Identifying natural products as sources of anticancer drugs is extremely interesting.
P. odoratum Lour. (Polygonaceae family), or Vietnamese coriander, is a local vegetable indigenous to tropical Southeast Asia and is commonly grown in all regions of Thailand. The name was reclassified as P. odorata (Lour.) Sojak. The plant is always used as a culinary spice. It is also an indigenous herb generally used as an antiflatulence agent in traditional Thai medicine due to its pungent property. Several studies have reported diverse bioactive compounds and biological activities of P. odoratum. Its pharmacological activities have been documented and include antibacterial (Chansiw et al., 2019; Řebíčková et al., 2020), antifungal (Yanpirat and Vajrodaya, 2015), antioxidant (Somparn et al., 2013; Thongra-ar et al., 2021), anti-inflammatory (Okonogi et al., 2019), anti-osteoporosis (Sungkamanee et al., 2014) anticataractogenesis and antiretinopathy (Wattanathorn et al., 2017) and anticancer activities (Nanasombat and Teckchuen, 2009; Putthawan et al., 2017).
Many chemical compounds are found in P. odoratum, with more than 40 constituents identified in essential oil (Řebíčková et al., 2020). Typical organic compounds and aldehydes have been determined, for example, (Z)-3-hexenal, (Z)-3-hexenol, decanal, undecanal, dodecanal, 3-sulfanyl-hexanal, and 3-sulfanyl-hexan-1-ol (Starkenmann et al., 2006). The essential oil contains various terpenoids, especially sesquiterpenes. The most abundant compounds are dodecanal and decanal. Carboxylic acids and esters are present as minor traces in the oil (Hunter, 1996; Quynh et al., 2009).
Several constituents of in P. odoratum has been reported to be found in other plants and Polygonum sp. Among these compounds, alkaloids are very well known as anticancer agents. Furthermore, some of the rest compounds were reported about anticancer activities, for example, rutin, quercetin, and some of their biotransformed metabolites (Cipák et al., 2003; Araújo et al., 2013), tannins (Rajasekar et al., 2021; Tikoo et al., 2011; AlMalki et al., 2021; Youness et al., 2021), saponins (Elekofahinti et al., 2021), and quinones (Kuete et al., 2016; Shen et al., 2018).
The anticancer activities of P. odoratum have previously been investigated and reported. These studies used in vitro models and several cancer cell lines in their assays. However, the anticancer activities and underlying mechanisms have not yet been summarized. Therefore, the present work aimed to systematically review the activities of P. odoratum and its underlying mechanism against cancer. Eight articles were included into this systematic review. It was found that P. odoratum exhibited in vitro anticancer activity in several cell lines. Molecular mechanisms of the plant were investigated in one study. The proposed mechanisms were found to be involving in Akt/mTOR pathway, and the inhibitory effects through downregulation and reduction of key proteins which play the important roles in survival, migration and invasion, proliferation, and angiogenesis of cancer cells. The limitations of this systematic review were the number of the included studies, quantitative and qualitative analyses of phytochemical compounds, type of experiments, and number of studies that investigate the molecular mechanism. The suggestions for further study were also discussed herein.
METHODS
Data Sources and Search Strategy
Two authors (SUS and SOS) independently searched electronic databases (EMBASE, PubMed, Scopus, Thai Thesis Database, Science Direct and Clinical Key). Relevant articles were searched from inception to March 2022. The strategic search terms used were “P. odoratum” or “P. odorata.” We also searched references in literature reviews and manuscripts published in journals. No limitations were placed on language and study design. In addition, we contacted related researchers and experts for details and explanations of the articles.
Study Selection
After searching for articles, we removed duplicates, screened titles and abstracts, and obtained the full texts of each article. We included research classified as 1) studies of the anticancer activity of P. odoratum and 2) studies reporting measured outcomes (the anticancer effect). After the main search, a bibliographic search was performed to identify articles from conference proceedings for which the full text was available. We excluded articles in which the data had been obtained from prior studies. Accepted articles were included in this systematic review. Two investigators independently conducted the assessments.
Outcome Measures
The primary outcomes of interest were measures of the anticancer effects of P. odoratum. The secondary outcomes were the molecular mechanisms of P. odoratum against cancer.
Data Extraction
Two investigators independently reviewed each abstract and its associated full text. Each investigator also extracted data from each study for inclusion in the analysis. Data extraction was performed on study designs (part used, extract used, method and assay, outcomes). Discrepancies were resolved by consensus.
RESULTS
Study Selection
Three hundred twenty-five identified studies were systematically searched, and three studies were identified through other sources (1 from the Thai Journal Online database and 2 from Google Scholar). Two hundred twelve remained after duplicates were removed. After reviewing the information in the titles and abstracts, 200 studies were discarded. Of the 12 articles then assessed for eligibility, four were discarded (three review articles and one conference paper). The remaining eight studies were included in the qualitative analysis (Figure 1).
[image: Figure 1]FIGURE 1 | PRISMA flow diagram for the study selection process.
Study Design
All included studies were in vitro studies. Their characteristics and main findings are summarized in Table 2. All were performed on different cancer cell lines: lymphoma, leukemia, T lymphoblast, oral, colon, breast, liver, and lung cancer. The plant parts used were the aerial part, leaf, stem, or leaf and stem, in the form of alcoholic extracts and alcoholic-based lyophilized powders. Four of eight studies reported results from phytochemical constituent analyses of the extracts. Screening tests of phytochemicals and LC-MS profiles of the methanolic extract were conducted by Devi Khwairakpam et al. (2019). However, this study did not identify any compounds in the LC-MS analysis. Wararatphoka et al. screened phytochemicals in the ethanolic leaf extract of P. odoratum (Woraratphoka et al., 2012). Identification and quantitative analysis of some flavonoids in methanolic leaf extract using HPLC techniques were performed by Nanasombat and Teckchuen (2009). The volatile oil composition used in the study by Kawaree et al. was identified and quantitated (Kawaree et al., 2006). Positive controls were considered in 4 studies. They were ellipticine and doxorubicin (Nanasombat and Teckchuen, 2009); catechin, trolox, and ascorbic acid (Woraratphoka et al., 2012); mitomycin (Putthawan et al., 2017); and vincristine (Semsri et al., 2018). The concentration of the extracts used in each assay varied.
The methods used in the studies were 12-O-hexadecanoylphorbol-13-acetate (HPA) induced- EBV-early antigen (EA) activation assay, 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay, trypan blue assay, colorimetric cytotoxic assay using sulforhodamine B (SRB), propidium iodide (PI) flow cytometry, annexin V/PI fluorescein isothiocyanate (FITC) assay, agarose gel electrophoresis, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot, inverted light microscopy, and clonogenic and wound healing assay. The outcome measures were inhibitory effect, cell viability, cell proliferation, cell apoptosis, cell cycle phase, DNA ladder, cell morphology, colony formation, cell migration, key protein, and signaling molecule expression.
P. odoratum Habit and Morphology
The plant is a perennial herb and is 15–30 cm tall. The stem is reddish-brown green in color and has a node at each leaf (Figure 2). The leaves are simple; are colored deep green; are lanceolate shaped and spirally arranged with thin white to brownish ochreate stipules; and have a strong smell when crushed. Inflorescences are in terminal positions with many small white, pink, and purple bisexual flowers, which bloom from October to December. Mature fruits are brown, simple, and dry indehiscent.
[image: Figure 2]FIGURE 2 | Characteristics of P. odoratum (adapted from Peterdehart3, 2021 and Kabilawan, 2014).
Phytochemistry of P. odoratum
The chemical components of P. odoratum have been reported in several documents. Qualitative screening tests of methanolic extracts obtained from the aerial part of plants gave positive results for alkaloids, flavonoids, saponins, quinones, and glycosides, but negative results for steroids and tannins (Devi Khwairakpam et al., 2019). In a study by Nguyen et al., flavonoids, tannins, and triterpenoids were present in both ethanolic and aqueous extracts obtained from P. odoratum leaves. Saponins and alkaloids were not detected in ethanolic extracts, while coumarins and anthraquinones were not detected in aqueous extracts (Nguyen et al., 2020). Only volatile oil and tannins were detected in ethanolic leaf extracts by Woratatphoka et al. (2012).
The predominant phytochemical compounds found in extracts and essential oils obtained from P. odoratum are listed in Table 1. Most studies reported that C10 and C12 aldehydes and alcohols were the most abundant compounds in essential oil: decanal, dodecanal, decanol, and dodecanol. Other classes of compounds found in essential oil were primarily terpenoids. Some sesquiterpenes constituted in P. odoratum are β-caryophyllene, cis-caryophyllene, α-humulene, and α-selinene. Among the flavonoids found in the alcoholic extract of P. odoratum were rutin, catechin, quercetin, kaempferol, and isorhamnetin. Rutin was the most abundant flavonoid in P. odoratum leaf extract in a study by Nanasombat and Teckchuen (2009).
TABLE 1 | Major phytochemicals found in the essential oil and extract obtained from P. odoratum.
[image: Table 1]In contrast, the compound or the free aglycone moiety was not detected in the leaf extract of P. odoratum in studies by Pawłowska et al. (2020) and Ahongshangbam et al. (2014), and only a small amount was detected in a study by Kawvised et al. (2021). Gallic acid was the predominant constituent in aqueous leaf extract (Kawvised et al., 2021). Tannins were not detected in a screening test by Devi Khwairakpam et al.; in contrast, another study reported a high abundance of this class of compounds (Kumar and Chaiyasut, 2017). Acids and esters were also found in P. odoratum. These were present as minor traces in the essential oil (Hunter, 1996) (Quynh et al., 2009). The total phenolic contents were determined in several studies. The structures of some chemicals found in P. odoratum are illustrated in Figure 3.
[image: Figure 3]FIGURE 3 | Chemical constituents found in P. odoratum classified as (A) aldehydes, (B) alcohols, (C) terpenoids, and (D) flavonoids and tannins.
Anticancer Activity of P. odoratum
A summary of the anticancer activities of P. odoratum on cancerous cell lines is presented in Table 2.
TABLE 2 | In vitro anticancer activity of P. odoratum.
[image: Table 2]Effects of P. odoratum in Cancer Cell Lines
Inhibition of Cell Proliferation and Colonization
Cell proliferation assays were performed on HT-29, HepG2, SAS, SCC-9, HSC-3, and HaCaT (normal cell line). The results were reported as cytotoxic activity in HT-29 and HepG2 cells. The value was 66.9% in HT-29 cells, which was much better than the 17.3% for the positive control treatment (50 μg/ml mitomycin). However, in HepG2 cells, cytotoxic activity was 68.9%, which was not as good as 81.3% for the positive control group. In OSCCs, the results were determined as percentage proliferation. In SAS cells, the extract of P. odoratum significantly reduced cell proliferation to 80% and 40% after 72 h of treatment at concentrations of 25 and 50 μg/ml, respectively. In HSC-3 cells, cell proliferation reduced to 90% and 80% at 10 and 25 μg/ml, respectively. The highest dose (50 μg/ml) did not affect cell proliferation. There was no significant result in SCC-9 cells. However, in the normal HaCat cell line, cell proliferation was reduced by 20% by the 50 μg/ml methanolic extract used in the same study.
A clonogenic assay was conducted in SAS cells. The survival fraction on days 10–12 after 24 h of incubation with the methanolic extract was significantly lower than that of the control (<0.4) in a dose-dependent manner (20–100 μg/ml).
Induction of Cell Cycle Arrest
To determine whether P. odoratum affected the cell cycle of cancer cells, each phase of the cycle was measured in a HL-60 and SAS cells using flow cytometry. Chansiw et al. found that HL-60 accumulated in the G1-phase after 48 h of incubation with methanolic leaf extract and methanolic stem extract of P. odoratum at 50–200 μg/ml. Nevertheless, no significant differences were observed. In SAS cells, G2/M phase arrest was observed 24 h after treatment with 40–80 μg/ml methanolic extract of the aerial part. The results were dose-dependent, and no significant effect was found.
Induction of Apoptosis and Reduction in Cell Viability
Cell viability, cytotoxicity, and apoptosis assays were carried out to determine apoptotic and cell death induction (Table 2).
Apoptosis tests were performed on HL-60 and SAS cells. The methanolic leaf extract induced a better apoptosis effect than the methanolic stem extract in HL-60. After 48 h of incubation with 50–200 μg/ml leaf and stem extracts, 1%–7% and 1%–3.5% apoptoses were observed, respectively. Both extracts induced cell apoptosis in a dose-dependent manner. In SAS cells, Devi Khwairakpam et al. discovered that 3%–10% apoptosis significantly occurred after incubating cells with 100 and 200 μg/ml methanolic extract for 48 h.
Nanasombat et al. observed cell viability tests in KB, MCF-7, NCI-H187, and African green monkey kidney fibroblast (normal Vero cell) using methanolic leaf extract. The results showed that the extract of P. odoratum moderately reduced the viability of MCF-7 cells with a 50% inhibitory concentration (IC50) of 6.01 μg/ml, compared with 0.64 and 0.23 μg/ml ellipticine and doxorubicin, respectively. No significance was found in KB, NCI-H187, and Vero cells. In HL-60, the methanolic leaf extract induced a better apoptosis effect than the stem extract, similar to the induction effects of apoptosis. Leaf extract at all concentrations (50–1,000 μg/ml) significantly resulted in cell viabilities of 20%–40% and 40%–70% after 48 and 72 h of incubation, respectively. The IC50 values of the leaf extract 48 and 72 h of treatment were 350 and 38 μg/ml, respectively. Stem extract reduced cell viability to 50% at 500 μg/ml after 48 h of incubation and to 20%–70% at 500–1,000 μg/ml after 72 h in a dose-dependent manner. In the study by Devi Khwairakpam et al., the methanolic extract obtained from the aerial part of P. odoratum induced cell death by 20% and 40% at 40 and 80 μg/ml, respectively, after 48 h of incubation. The inhibitory effect in cell viability test performed by Murakami et al. was reported as strongly active. The 200 μg/ml methanolic extract of P. odoratum showed the inhibitory effect of higher than 70% in HPA-mediated EBV-EA induction Raji cells.
Cytotoxicity tests were conducted in five studies. The 50% median effective dose (ED50) was determined using volatile oil from P. odoratum leaves in mouse lymphocytic leukemia (P388). The value was lower than 30 μg/ml after 96 h of incubation. The 70% ethanolic-based lyophilized preparation in the study by Woraratphoka et al. was tested for its IC50 in human acute lymphocytic leukemia (Jurkat), MCF-7, and HepG2 cells. The results were 146.80, 205.20, and >400 μg/ml, respectively. The extract exhibited moderate activity against Jurkat cell lines and low activity against MCF-7 and HepG2 cells. Ethanolic leaf and stem extracts were used in HT-29 and HepG2 cells by Putthawan et al. The 50% cytotoxic concentrations (CC50) were 775 and 1,665 μg/ml, respectively. No significance was observed in either cell line. MOLT-4 cells were used to investigate the IC50 of ethanolic-based lyophilized powder obtained from P. odoratum. The inhibitory effect was 56.10 μg/ml. The cytotoxicity of the methanolic extract of the aerial part on SAS, HSC-3, and SCC-9 cells was investigated using 25–200 μg/ml. After 72 h of treatment, cell death was significantly observed in a dose-dependent manner, with 20%–90%, 20%–40%, and 35%–60% in SAS, HSC-3, and SCC-9 cells at 25–200, 25–200, and 50–200 μg/ml, respectively.
Inhibition of Cell Migration and Invasion
The inhibition of cell migration and invasion was investigated in SAS cells by Devi Khwairakpam et al. using a wound healing assay. After incubation periods of 24, 48, and 72 h, the methanolic extract of P. odoratum at 10, 20, and 50 μg/ml showed significant inhibitory effects in dose- and time-dependent manners.
Alteration of Cell Morphology
Changes in cancer cell morphology were determined in HT-29 and HepG2 cells after 24 h of incubation with leaf and stem ethanolic extracts at 500–4,000 μg/ml. The results found in HT-29 cells were similar to those found in HepG2 cells. Cell shrinkage, denser cytoplasm, and tighter packing were observed at 500 μg/ml. These signs represent the early stage of apoptosis. Loss of cell adhesion, reduced cell density, and membrane blebbing occurred at 4,000 μg/ml.
Molecular Mechanism of P. odoratum in the Process of Carcinogenesis
Two studies reported the effects of P. odoratum at the molecular level. Putthawan et al. performed apoptotic DNA ladder tests in HT-29 and HepG2 cells using 500 and 1,000 μg/ml ethanolic extracts. It was found that the P. odoratum extract at both concentrations induced DNA fragmentation in both cell lines; this was not observed in the control cell samples.
Another study reported on the mechanism of action of P. odoratum against cancer. The methanolic extract of the aerial part was used to explore the expression of key proteins and the regulation of critical signaling molecules in OSCC and SAS cell lines. The expression of key proteins (survivin, cyclin-D1, COX-2, VEGF-A, and MMP-9) decreased significantly when the dose increased. The fold changes of these proteins were in the range of 0.2–0.6, 0.2–0.4, 0.4–1, 0.6–0.8, and 0.7–1 for survivin, cyclin-D1, COX-2, VEGF-A, and MMP-9, respectively. Moreover, the extract suppressed signaling molecules in the Akt/mTOR pathway in a dose-dependent manner. They were Akt, phosphorylated Akt (Thr308, Ser473), mTOR, and phosphorylated mTOR. The changes in Akt and its phosphorylated forms, Thr308 and Ser473, were 0.1–0.4-fold, 0.2–0.4-fold, and 0.2–0.5-fold, respectively. The fold changes in mTOR and phosphorylated mTOR were 0.4–1 and 0.1–0.2, respectively. All results were dose-dependent. The molecular mechanism of action of P. odoratum is presented in Figure 4.
[image: Figure 4]FIGURE 4 | Molecular mechanism of P. odoratum methanolic extract (POE) as anticancer in oral squamous cell carcinoma, SAS cell line, investigated by Devi Khwairakpam et al. (2019). POE inhibited the expressions of survivin; a member of the inhibitor of the apoptosis family, VEGF-A; a vascular endothelial growth factor, which represents the essential roles in angiogenesis, and MMP-9; an enzyme involving in metastasis. POE also downregulated cyclin-D1; a proto-oncogene, which plays an important role in the regulation of cell cycle, and COX-2; a membrane glycoprotein which plays a vital role in the early stages of tumorigenesis. Besides, the extract downregulated the expression of PI3K and mTOR and reduced their phosphorylation. Thus, POE affected cell growth, cell proliferation, cell survival, cell migration and cell metabolism.
Cytotoxicity of P. odoratum on Normal Cell Lines
The cytotoxicity of P. odoratum in normal cells was demonstrated in four included studies. They were Vero cells, normal lymphocyte cells, murine macrophages (RAW 264.7), and HaCaT cells (Table 2). In normal Vero cells, methanolic leaf extract possessed low sensitivity, with an IC50 of >50 μg/ml, as lower concentrations were observed in cancerous cell lines in the study by Nanasombat et al. Another assay in Vero cells was carried out by Semsri et al. The IC50 was 320.4 μg/ml, which was much higher than the 56.1 μg/ml for MOLT-4 cells. In HaCaT cells, the methanolic extract of the aerial part at 50 μg/ml reduced cell proliferation by 20%. In other studies, Chan et al. revealed a CC50 of >100 μg/ml of P. odoratum leaf extract using various kinds of solvents in Vero cells (Chan et al., 2018). Cytotoxicity in RAW 264.7 cells was determined by Semsri et al. using ethanolic-based lyophilized powder of P. odoratum. The cell viabilities were 97%, 86%, 78%, 74%, and 32% after 48 h of incubation with 15.625, 31.25, 62.5, 125, and 250 μg/ml of sample, respectively. In addition, Chansiw et al. reported that 24 h of incubation with 200 μg/ml water leaf extract in RAW 264.7 cell lines resulted in a cell viability of approximately 80%. In comparison, approximately 10% reductions in cell viability were achieved with the same concentrations of water stem extract, dichloromethane leaf and stem extracts, and methanolic leaf and stem extracts (Chansiw et al., 2019). Kawvised et al. ascertained that the aqueous leaf extract of P. odoratum showed no toxicity. Moreover, the extract potentially attenuated the death of RAW 264.7 cells exposed to low-dose ionizing radiation (Kawvised et al., 2021).
DISCUSSION
In this systematic review, eight anticancer activities of P. odoratum are included. All were in vitro studies using several types of cancer cell lines (oral, lung, breast, colon, liver, T lymphoblast, lymphoma, and leukemia).
Cancer is a large group of diseases that can start in any organ or tissue, and they are ranked as a leading cause of death. They have a high impact on society and healthcare systems due to their economic toll and treatment and hospitalization costs. Cancers also seriously affect the quality of life of patients.
P. odoratum is an herb that belongs to the Polygonaceae family. It is also known as Vietnamese coriander or, in Thai, as “Phak Phai” and “Phak Paw.” The plant has long been used as a vegetable and is also used in traditional Thai medicine. Many lines of evidence have confirmed its pharmacological effects. Among these, its antioxidant and anticancer activities are of most interest. However, its anticancer activity has not yet been systematically summarized. This study aimed to review the anticancer activity of P. odoratum systematically.
The compounds reported as chemical constituents of P. odoratum are vastly diverse. The most abundant were C10–C12 aldehydes and alcohols. Moreover, flavonoids, terpenes, alkaloids, saponins, and tannins were detected in essential oil and extracts obtained from P. odoratum.
Eight studies included in this systematic review reported that the extracts of P. odoratum possessed significant anticancer activity against various types of cancerous cells. They are EBV-EA induction in Raji cells, P388, Jurkat, MCF-7, HT-29, MOLT-4, HL-60, HepG2, and SAS, SCC-9, HSC-3. Considering its activity against cancer, the chemical composition of P. odoratum is interesting.
A class of flavonoids was reported as abundant in P. odoratum, with rutin and its structure-related compounds, such as kaempferol and quercetin, predominant. Flavonoids are a group of polyphenolic compounds that have been reported to be responsible for the antioxidant, anti-inflammatory, and anticancer activities of plants (Yadav et al., 2010; González et al., 2011; Dias et al., 2021). Some flavonoids have been shown to regulate several proto-oncogenic signaling pathways (Satari et al., 2021). Rutin and quercetin had antioxidant effects in HepG2 cells (Alía et al., 2006; Kim and Jang, 2009). Rutin possessed anticancer activity in several cell lines when used as either a single therapy or with other antioxidants or herbal ingredients, such as quercetin and silibinin (Satari et al., 2021). Rutin, quercetin, and some of their biotransformed metabolites (rutin sulfate, methylquercetin, and quercetin glucuronide) showed pro-apoptotic and cytotoxic effects on HL-60 cells (Cipák et al., 2003; Araújo et al., 2013). A study by Iriti et al. found that rutin improved the anticancer activity of anticancer drugs and arrested the cell cycle in the G2/M and G0/G1 phases in MCF-7 cells (Iriti et al., 2017). The compound significantly inhibited the viability of the human lung cancer cell line (A549) and HT29 and attenuated superoxide production in HT29 cells. In addition, it affected the adhesion and migration of both cell lines (Sghaier et al., 2016). Quercetin showed significant anticancer activity in OSCC (SCC-25) through G1 phase arrest, mitochondria-mediated apoptosis, and decreased cell migration and invasion (Chen et al., 2013).
Tannins, a subclass of polyphenols, were detected in aqueous-ethanolic extracts and aqueous extracts of P. odoratum by Somparn et al. (2013) and Nguyen et al. (2020). A type of condensed tannin, catechin, was reported in several documents as a constituent of P. odoratum (Nanasombat and Teckchuen, 2009; Woraratphoka et al., 2012; Pawłowska et al., 2020; Kawvised et al., 2021) as well as its metabolite, gallic acid (Ahongshangbam et al., 2014; Kawvised et al., 2021). In a review by Rajasekar et al., it was found that tannins exhibited essential roles in the treatment of lung cancer through the induction of apoptosis and cell cycle arrest, attenuation of epithelial-to-mesenchymal transition, and regulation of tumor cell migration, invasiveness, and angiogenesis (Rajasekar et al., 2021). Many studies have revealed that tannins can enhance the anticancer effects of hormonal and chemotherapy medications, such as tamoxifen and doxorubicin (Tikoo et al., 2011; AlMalki et al., 2021; Youness et al., 2021). The molecular targets of tannic acid in anticancer activity were determined, and some results were consistent with those of Devi Khwairakpam et al. (Youness et al., 2021).
Saponins in the forms of triterpenoids and steroidal glycosides are gaining attention as promising anticancer agents. Many anticancer mechanisms of these compounds have been reported. They were found to have chemopreventive, cytotoxic, and antimetastatic activities and play a key role in multidrug-resistant cancers (Elekofahinti et al., 2021). In chemoprevention, saponins acted as anti-inflammatory agents. They also modulated the redox potential and arrested the cell cycle. The cytotoxic activity of saponins was described as apoptosis and autophagy induction. The metastasis of cancer cells was interrupted by saponins through anti-angiogenic activity and inhibition of cell adhesion molecules.
Alkaloids were reported to be found in P. odoratum by Devi Khwairakpam et al. and Nguyen et al.; however, identification of each compound is required (Devi Khwairakpam et al., 2019; Nguyen et al., 2020). In many studies, some alkaloids were detected in the genus Polygonum, such as N-cis-feruloyltyramine, N-trans-feruloyltyramine, and paprazine (Shen et al., 2018). Although this class of compounds is not a major constituent in P. odoratum, alkaloids are very well known for their cytotoxic and anticancer activities. Many conventional anticancer agents are naturally occurring alkaloid-derived compounds, for example, vincristine, vinblastine, camptothecin, and paclitaxel. Therefore, separation and identification of alkaloids are needed.
Quinones were also detected in P. odoratum extract, but no identification was reported, as with alkaloids (Devi Khwairakpam et al., 2019; Nguyen et al., 2020). Quinolones exhibited anticancer activities against several types of cancer cell lines. In a study of the cytotoxic effects of isolated quinones, it was found that quinones possessed satisfying activities in lung, liver, colon, and breast cancer cell lines (Kuete et al., 2016). Interestingly, some quinones provided IC50 values against cancers comparable to the cytotoxic drug doxorubicin. Chrysophanol, emodin, and plumbagin, all of which have been reported as quinones in Polygonum spp., showed IC50 values lower than 100 μM (Kuete et al., 2016) (Shen et al., 2018). Among these compounds, plumbagin exhibited significant anticancer activities in A549, colorectal adenocarcinoma (DLD-1), colorectal adenocarcinoma (Caco2), mesothelioma (SPC212), MCF-7, and HepG2, with an IC50 range of 0.06–1.14 μM, while doxorubicin provided 0.07–1.01 μM. Intriguingly, in the same experiment, plumbagin had lower cytotoxicity with normal fibroblast cells (CRL2120) than doxorubicin (67.7 vs. 0.59 μM, respectively). Plumbagin induced apoptosis in MCF-7 cells through the increased production of reactive oxygen species and the loss of MMP.
Many assays have confirmed that antiproliferative, antimigration, cell cycle arrest, and apoptotic effects of natural substances have anticancer activities. However, another mechanism against cancer might be the antioxidant effects of naturally occurring substances. Hence, the anticancer activity of P. odoratum might also be the result of its antioxidant effects, which have been reported by several studies (Chansiw et al., 2019; Nguyen et al., 2020; Zheng and Wang, 2001).
Different parts of P. odoratum and various solvents were used in the preparation methods of the included studies. Therefore, the phytochemical components of each extract might differ. In 2021, Azmi et al. reported that different phytochemical constituents were present in various parts of P. odoratum (Azmi et al., 2021). Moreover, the different extraction methods used by the studies produced diverse chemical profiles (Chansiw et al., 2019; Nguyen et al., 2020). In the study by Chansiw et al., the methanolic extract obtained from leaves was more potent in HL-60 cells than the extract from stems (Chansiw et al., 2018). The total phenolic and flavonoid yields obtained from leaves were higher than those obtained from stems in methanol, water, and dichloromethane extracts (Chansiw et al., 2019). Standardization could be implemented as a quality control measure.
Besides the quality control of natural products, the limitations of drugs from natural origins should be considered. The important one is the low bio-availability which lead to the requirement of high therapeutic dose. Nevertheless, the novel technology for drug delivery system is established. Nanoparticles was developed for drugs to reach target sites. Bhatnagar et al. demonstrated a safe and biocompatible method using bromelain nanoparticles to sustain release of the drug at the target site whilst also protecting the drug (Bhatnagar et al., 2015). Antigono leptopus containing-gold nanoparticles and Acalypha indica containing-copper oxide nanoparticles showed cytotoxicity against breast cancer cell lines (Balasubramani et al., 2015; Sivaraj et al., 2014). Therefore, this solution could be applied for further study.
Natural compounds were considered as anticancer drugs. They are also the potential adjuvants to cancer therapy. The combination chemotherapy were the new approaches to treat cancers. The administration of multiple chemotherapeutic drugs with different biochemical or molecular targets has attained numerous benefits like efficacy enhancement and amelioration of adverse effects. However, the risks from herb adverse effects and herb-drug interactions should be thoroughly considered.
CONCLUSIONS AND FUTURE RECOMMENDATIONS
The anticancer activities of P. odoratum were investigated using in vitro experiments. Plant extracts showed significant activity against cell lines for leukemia, oral, lung, breast, colon, and liver cancer through induction of cell apoptosis, arrest of the cell cycle, inhibition of cell proliferation, migration, and colonization. The molecular mechanism of the inhibitory effects on the Akt/mTOR pathway was the same as the suppression of the critical proteins involved in cell survival, inflammation, proliferation, migration, apoptosis, and angiogenesis. (survivin, cyclin D, COX-2, MMP-9, and VEGF-A).
The limitations of this systematic review are:
1) A small number of studies met the criteria.
2) All studies were in vitro-based experiments.
3) The molecular mechanism was investigated by only two studies, with only one investigating apoptotic DNA fragmentation.
4) Screening tests of phytochemical constituents were reported by only three studies, while just one other study conducted quantitative analyses of some flavonoid compounds.
To get more information, further investigations of P. odoratum and its anticancer activity could be considered. Quantitative determination of phytochemicals and standardization of plant extracts should be considered as well as effective drug delivery systems. For in vitro experiments, standard positive controls should be used, as with normal control cell lines. In vivo experiments could also be performed.
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Compound

Abundant (%)

C10 and C12 aldehydes and alcohols

N-decanal

N-dodecanal

N-undecanal

1-decanol

1-dodecanol

Alkanes

N-undecane
Pentacosane

4.90-27.00 (essential oi)
31.40-57.55 (essential oi)
0.30-1.83 (essential oi)
1.13-20.77 (essential oi)

3.30-11.4 (essential oi)

1.30-2.52 (essential oi)
7.26 (essential oi)

Sesquiterpenes and derivatives

p-caryophyliene
Cis-caryophyllene
a-humulene
Caryophylene
oxide

0.00-36.5 (essential oi)
0.20-3.88 (essential o)
0.27-4.50 (essential i)
1.42-8.20 (essential oi)

Flavonoids and tannins

Rutin
Ellagic acid

Quercetin

Gallic acid

Ferulic acid
Chiorogenic acid

Apigenin
P-coumaric acid
Kaempferol

Luteolin

G-resorcyclic acid
Catechin

Isorhamnetin
Total phenolics

Total phenolics

3.7 (methanolic leaf extract)

0.04 (aqueous leaf extract)

2.96 (ethanoiic extract of aerial part)
0.33 (aqueous leaf extract)

0.08 (methanolic leaf extract)

001 (aqueous leaf extract)

2.67 (ethanoiic extract of aerial part)
2.18 (ethanolic extract of aerial part)
0.76 (aqueous leaf extract)

1.30 (ethanolic extract of aerial part)
1.20 (ethanolic extract of aerial part)
0.10-0.74 (methanolic leaf extract)
0.96 (ethanoiic extract of aerial part)
0.87 (ethanoiic extract of aerial part)
0.01(methanolic leaf extract)

0.46 (ethanolic extract of aerial part)
0.20 (ethanoiic extract of aerial part)
0.05 (ethanoiic extract of aerial part)
0.34 (methanolic leaf extract)
0.29-2.74 (methanolic leaf extract)
0.18 (aqueous leaf extract)

001 (methanoic leaf extract)

3.00 mg of GAE/q of fresh weight (aqueous extract)*

52.9 umol catechin/g (fresh edible part)

52,00 g galic acid equivalents (GAE)mg extract

(dry methanolic leaf extract)

216.74 + 15.33 ug GAE/mg extract (ethanolic based-

lyophilized powder)

13.03 mg GAE/g of ciry weight (aerial part)

29.97 mg GAE/g extract (aqueous leaf extract)

52.50 mg GAE/g extract (methanolic leaf extract)
40.03 mg GAE/g extract (methanolic stem extract)
7.13-32.17 ug/g of dry matter (methanolic leaf extract)
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