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Abstract

:

Cancer is the second leading cause of death in the world. Chemotherapy and radiotherapy (RT) are the common cancer treatments. In addition to these limitations, the development of adverse effects from chemotherapy and RT reduces the quality of life for cancer patients. Cellular radiosensitivity, or the ability to resist and overcome cell damage caused by ionizing radiation (IR), is directly related to cancer cells’ response to RT. Therefore, radiobiological research is emphasizing chemical compounds ’radiosensitization of cancer cells so that they are more reactive in the IR spectrum. Recent years researchers have seen an increase in interest in natural products that have antitumor effects with minimal side effects. Natural products, on the other hand, are easy to recover and therefore less expensive. There have been several scientific studies done based on these compounds that have tested their ability in vitro and in vivo to induce tumor radiosensitization. The role of natural products in RT, as well as their usefulness and potential applications, is the goal of this current review.
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1. Introduction


Cancer is a serious life-limiting disease. Many factors such as lifestyle, genetic variation, infection with viruses, and chronic inflammatory effects can affect cancer susceptibility. In recent decades malignant tumors were both better diagnosed and treated. Molecular-based care and conventional therapies like chemotherapy and radiotherapy are a positive development in cancer therapy [1,2]. The multifaceted complexity and diversity of tumors, the refractive complexity of conventional chemotherapy, and their adverse effects are still the first issue of this challenge: advancement of therapeutic therapies taking into account not just the particular tumor subtype, but also the patient’s genomic characteristics. The personalized therapies included chemotherapy, chemical therapy, immunotherapy, and radiotherapy (RT) [3]. Although traditional therapeutic therapies can have detrimental effects on the normal tissues too, the main goal of conventional radiation therapy is to give a regulated radiant exposure to a given tumor bulk and to affect carcinoma cells specifically with a high- or low-energy photon beam. In contrast to chemotherapy, which has experienced a continuing development of brand new drugs, the RT concept is the same for over one hundred years, with progress mainly affecting technology in that clinical field [3]. In fact, by imaging techniques combined with RT the dose can be delivered more accurately to its intend. However, treatment plans are generally the same for all tumors, regardless of their molecular profile, which plays a crucial role in the RT response [4]. At the present time, different types of RT neoplasms, including breast, ovarian, head/neck, lung, prostate, and lymphoma, have been treated [5]. There will be a direct or indirect exposure to radiation. The most critical aspect of RT is expected to be reactive oxygen species (ROS) formation due to RT. ROS plays an important role, contributes to death, and affects human cells in cancer cell exposure. The radiosensitivity is characterized as the vulnerability of cells to damaging ionizing irradiation effects, and cells with high rates of proliferation appear to suffer IR damage [6]. The biological impact on the irradiated tumor is mainly essential for cell radiosensitivity and is different from the tissue, which may create a difference between a reacting target and the non-response aspires. Radiosensitization plays a vital role in this, as a neoadjuvant for RTs, and chemicals that can sensitize cells of cancer have been used to improve treatment efficacy. In clinical practice, synthetic sensitizers are common and can be summarily classified as hypoxic and non-hypoxic based on their restore physiological intratumoral oxygen, which significantly decreases within the tumor bulk. Oxygen is permanently able, based on a oxygen fixation hypothesis, to stabilize radical damages to deoxyribonucleic acid (DNA) by radiation [7]. The ratio of the hypoxia/air radiation dose effect or ratio therefore describes the effect of IR in relation to the occurrence of oxygen. Nitroimidazole, misonidazole, etanidazole, and nimorazol are the most common hypoxic sensitizer. The nitro-group reduction reacts with the radicals of IR-DNA in the absence of oxygen, which stabilizes them in accordance with the hypothesis of oxygen fixation. This stabilization leads to a breakdown in the DNA spectrum and hence has effects on target hypoxic cells [8,9]. In recent years, the researchers have focused on the use of natural products as a coadjuvant for cancer treatment. Plants, bacteria, fungi, insects, spiders, marine organisms, and higher-order animals make up a large and diverse group of natural products. Natural products can be stored easily and are less costly than synthetic drugs. However, they reduce the adverse effects that worsen the often low quality of life of oncologic patients, along with the side effects of chemotherapy. An extensive analysis of the positive effects of natural products in combination with chemotherapy was conducted, however little information is known about its role of radiosensitization. Natural dietary supplements containing some ingredients such as Celastrol and curcumin promote the recovery from severe illness, and relieve chemotherapy and radiotherapy-induced side effects [10]. That’s why the review aims at covering in vitro, preclinical, and clinical state-of-the-art literature for certain natural products in the sense of RT and to explain how they affect IR response to cancer cells. Contrary to recent chemotherapy, which may interfere with tumor targets, RT is less dependent on the biological features of cancer being treated. In fact, each cancer has distinct characteristics linked to a different RT response and repetition after RT. The synergistic effects of radio-sensitizer compounds, recently introduced into clinical practice as a neoadjuvant for RT, may result in an increase in treatment response. However, the collateral effects of synthetic radiosensitizer aggravate those already created by RT. For this reason, several scientific projects are concerned with using natural products that can counteract RT tumor resistance mechanisms but still have less collateral effects. Our review focuses on providing an overview of the potential course of adoption of natural products in RT as an adjuvant and gives some insights (Figure 1).




2. Resveratrol


The exact mechanism of Resveratrol (RV) anti-proliferative effects is still being investigated, despite several in vitro cancer studies showing that resveratrol inhibits and suppresses tumor growth. Multiple signaling pathways are disrupted in malignant cells, resulting in uncontrolled cell proliferation, inhibited programmed cell death, and enhanced angiogenesis and uncontrolled cell migration [11]. It has been shown in the literature that resveratrol acts on cancer cells in multiple ways, including proapoptotic, antiproliferative, and anti-angiogenesis mechanisms, to name a few. TANK-binding kinase 1 (TBK1), for example, may be one of RVs direct targets [12]. The first indication of white hellebores was polyphenol RV isolated in 1940. RV has since been found in various sources of food, including red wine, raisins, mulberries, and peanuts [13,14,15]. RV is a natural polyphenol phytoalexin found in many crops or fruits normally eaten by human beings. The plant development has a function to defend against mechanical damage and invasion by harmful microorganisms including bacteria and fungi. In the last decades, beneficial effects from RV use, following a 1992 study by Renaud and De Lorgeril, which was also called the “French Paradox”, were thoroughly investigated. The study revealed that moderate red wine use was linked to coronary cardiac disease protection [16]. In combination with cardio protection, anti-aging effects and RV prevention have since been discussed [17,18]. In fact, while cardioprotection, aging, and other effects can easily be converted to the property of an “antioxidant”, one can be more dependent upon the “pro-oxidant” properties of the anti-cancer. The idea of hormesis is easily explainable because the same compound may have different activities that depend heavily on the dosage given, namely, the Swiss doctor Paracelsus, “The dose produces the poison”, and RV, which has two different activities depending on its concentration [19]. RV has proven to be a negative factor in the regulation of a wide variety of mechanisms, including cell growth and cell division [20]. RV treatment with 20 μM increases IR in non-small cell lung cancer at μ-rays of 0 to 8 Gy. The development of ROS and DNA in NSCLC cells is attributed to increased doubling-beach breaks in melanoma, which results in accelerated sinescene and cell death [21]. Increased in-vitro colony capacity for cancer cells development and increased DNA damage in spheroid cell culture in relation to the radiocensification of RV in IUdr alone cells resulted in combined cells with RV-20 μM and IUdR (iUdR) 1 icon and 2Gys radiation of γ. In a prostate cancer xenograft mouse study, the combination of RV has significantly hindered the growth of the tumor [22]. Additionally, the use of RV decreased tuber and weight in the nasopharyngeal carcinoma model, by 50 mg/kg/day (4 Gy/day) and radionuctible for a successive three-day period in connection with the treatment once IR or RV alone has been performed [23]. Recently, the radiosensory effects of RV have also been reported in breast cancer. Combination of RV-effects in the S-process phase in the human breast-cancer line (MCF-7), at 0, 10, 30, and 100 μM concentrations at 1, 2, and 3 Gy dose photon radiations caused cytototoxic symptoms and diminished cell proliferation. Interestingly, the results did not depend on the dosage of RV used, but instead on the mean irradiation concentration of 10 μM and 3 Gy [24]. In short, high doses of chronic RV were well tolerated and emphasized their function as an additional potential agent for cancer treatment [25].




3. Curcumin


Curcumin suppresses the signal transducer and activator of transcription 3 (STAT3) and nuclear factor kappa B (NF-κB) signaling pathways, both of which play important roles in the genesis and progression of cancer, as previously stated [26]. In prostate cancer cell lines and clinical samples, constitutive activation of the STAT3 and NF-B signaling pathways has been demonstrated [27,28]. In CL-5 xenograft tumors, curcumin has also been shown to promote apoptosis and cause down-regulation of epidermal growth factor receptor (EGFR), protein kinase B (Akt), and cMET cyclin D1 [29,30]. Curcumin has been shown to inhibit cell proliferation, cell cycle arrest, and stimulate apoptosis by modulating other transcription factors like activator protein 1 (AP-1), early growth response protein 1 (Erg-1), p53, -catenin, Notch-1, hypoxia-inducible factor 1 (HIF-1), and peroxisome proliferator-activated receptor alpha (PPAR-α) [31]. Curcumin is a promising compound for the treatment of cancer, a rotary polyphenolic agent [2,32]. Curcumin has been in Chinese and Hindu medicines for thousands of years, but curcumin has been an important attractor in recent decades because of its anti-cancer effect. The positive impacts of curcumin are antioxidant, anti-inflammatory, anti-proliferative, and anti-angiogenic [27,33,34]. In specific tumor cell lines and xenograft models, various curcumin experiments have been demonstrated as anticarcinogenic and therapeutic activity. Curcumin is well known for its efficacy in various models of animal cancer, including colon, breast, pancreas, lung, kidney and blades, blood, and skin [35]. Curcumin has a strong ability to selectively destroy cancer cells, without necessarily being harmful to non-malignant cells, as a cancer-preventative candidate [36]. Wide-ranging toxicological examinations and preclinical studies have shown that Curcumin is not difficult for mice, rabbits, dogs, and monkeys [37]. Even high doses (8–12 g/d) for several months in Phase II and Phase I clinical studies have demonstrated curcumin safety [37,38,39,40]. Pharmaceutical, metabolites, and systemic bio-disposability have shown insufficient intake, fast metabolism and limited systemic biodisposability for rodents and humans [41,42]. Interestingly, curcumin is an important agent in many forms of cancer during animal experiments despite its limited bioavailability. It is not clear if the effectiveness is due to the unexplained effects of curcumin. Five patients received three treatments a day in another study at Cleveland Clinic in Florida, with a combination of curcumin and quercetin, for an average time of six mos. In all instances, in accordance with the particular values the number and scale of polyps are reduced [43]. The findings revealed that the number of aberrant crypt foci (ACF)with curcumin is marginally lower at 4 g, which indicates the existence of early pre-invasive lesions may cause curcumin carcinogenicity. However, the remaining ACF dispute in the context of colon cancer biomarkers, nonrandomization and placebo group interpretations of the study was limited [44]. In a Phase II clinical trial for patients with chronic diseases, curcumin-effectiveness in the treatment of human pancreatic cancer was reported. After two seconds of progression, patients receive 8 g of curcumin per mouth daily. A clinical Phase 2 trial shows that gemcitabine and curcumin are mixed in patients with pancreatic cancer [45]. Bayet-Robert et al. were seeking advanced and metastatic curcumin and docetaxel combinations in 14 patients. This study shows that vascular endothelial growth factor (VEGF) levels have been reduced and that combined therapy has been successful. Hopefully, further data will soon be available to prove curcumin’s anti-cancer effects, especially measures to verify the in vivo molecular goals based on the mechanisms [46]. Curcumin treatment reduces the levels of free radicals and MDA-DNA adduct in rat model [47]. In patients with various types of malignancy, chemo- and radiotherapy of 500 mg, lecithinized delivery system of curcumin alleviates the burden of side effects [48].




4. Vitamin D


Vitamin D is known to have a wide range of bioactivities, including cancer, linked to various clinical conditions. Besides its role in the homeostasis of calcium and bone metabolism [49]. Vitamin D2 is mainly produced by yeast or irradiation of ergosterol [50,51]. The binding of the Vitamin D Receptor is used to mediate the bulk of the 1, 25-(OH) 2D3 anti-cancerous activity. The 1,25-(OH)2D3 cells bind to the vitamin D receptor (VDR) and the retinoid X receiver in the cell nuclear is heterodimerizes [52]. This hederodimere binds the reaction portion of vitamin D in the target genes and stimulates the regulation of many genes including cell growth maintenance, differentiation, and apoptosis and inflammation [53,54,55]. A growing number of laboratory experiments in vitro and in animals have shown good anti-tumor efficacy for vitamin D and closely investigated mechanisms in cells and molecules [56,57]. It is seen that vitamin D use together with radiotherapy can have a positive effect on cancer treatment [58]. While comprehensive studies have been performed to reverse the link between vitamin D and cancer risk, the disease data available has been unreliable until now. Exceptional for populations in areas with low UV exposure is the recorded increase in the prevalence of several cancers including prostate, colon, and breast [59,60,61,62,63,64]. Many adverse symptoms, including nausea and vomiting, fatigue, exhaustion, lethargies, and agitation, such as hyperphosphatemia and hypercalciuria, have been associated with the insufficient consumption of vitamin D. The net effect is toxicity if the daily intake is greater than 10,000 vitamin D IU regularly [65,66]. Many analogs of vitamin D were outlined in order to reduce these side effects [56,67]. In addition, recent findings have studied intermediate calcitriol administration at exceptionally high doses that only lead to intermittent, antiproliferative hypercalcemia [68,69]. The optimum dosage, the ideal biological dosage, and the best pacing for the available formulations of vitamin D are still unanswered. Vitamin D and its metabolite, as well Como analog medicines have been used for the prevention and treatment of various cancers, particularly for prostate, breast, and colorectal cancer in a large number of human intervention trials.




5. Celastrol


Celastrol is an anti-inflammatory vitamin extracted from Tripterygium Wilfordii’s thunder wine, commonly used as a treatment for much pathology in conventional Chinese medicine and is renowned for its non-inflammatory impact. Celastrol has been a successful choice for further study into cancer biology by finding its inhibitory proteasomic activity and anti-metastatic ability [70]. Celastrol has recently been demonstrated to effectively decrease tumor growth, migration, and angiogenesis in a variety of tumor models, both in vitro and in vivo 18–20. Celastrol reduces the CIP2A/c-MYC signaling pathway and inhibits proliferation, migration, and invasion [71]. Celastrol also stops ovarian cancer cells from migrating and invading by inhibiting nuclear factor kappa B (NF-κB) pathway [72]. Celastrol also affects the expression of a number of oncogenes and tumor-suppressor genes, such as CXCR4, the VGEF receptor, and CIP2A. (the p90 tumor-associated antigen) [73]. In 0.4 μM, not 0.2 μM, the dose-dependent IR-induced cytototoxicity in cell and clonogenic cell killing demonstrated a substantial rise in Celastrol. Radiation changes are also attributed to the interaction with radiation-caused DNA damage repair cycle. Following radiation damage induced, the kinetics of appearance and disappearance of a marker (αH2AX), were then monitored through immunofluorescence and Western blotting testing. The analysis reveals, while cells have long been irradiated, that the cell in the célastrolium treated with celastrol in combination with IR has been positively μH2AX. In cells undergoing combined celastrol and IR treatment, however, apoptosis markers were more common than in cells treatment with X-rays. A PC-3 xenograft in athymic NCr-nu/nu maus has tested the effect of Celastrol or in vivo IR. Celastrol was well absorbed and was able to prevent the tumor duplication in combination with IR alone. In fact, the relation between celastrol and exposure to radiation greatly improved apoptosis and decreased the blood vessel by histology. Celas are linked to the γ-irradiation of the human lung cancer cell line of the NCI-H460. The radiation dose was expected to influence cell growth and survival and was investigated following celastrol therapy to demonstrate radiation sensitive targets such as EGFR, ErbB2, Survivin, and Akt. The resulting disruption of the proteins in conjunction with HSP90 celastrol-dependent significantly reduced all other marker values with the exception of Akt [74]. Celastrol also has shown to depend on its quinone methide motion, which improved the ROS after IR production for its radiosensitizing influence in lung cancers cells [75]. The clonogenic test indicates that Celastrol + IR therapy decreases the survival of the two cell lines and in vivo tests the IR reaction by using Celastrol. The pre-clinical model was a lung tumor model that was used for A549 cell line during 12 days of celastrol and IR (10 Gy) combination therapy. Days 6 and 12 saw the slaughter of mice and the testing of H&E tumors. The study shows that intratumoral necrotics in combination nutritional tumors was greater than in mice treated with Celastrol or IR alone [76].




6. Zerumbone


Zingiber (ZER) Smith cytotoxic compound is an isolation part of Zingiber zerumbet [22,77]. It is used as a condiment for food and medicine in eastern countries for its phytomedical properties from ancient times [78]. The proliferation and anti-tumor properties of various tube types such as the breast, pancreas, colon, lung, and skin were also shown to be anti-inflamative [79,80,81]. Indeed, in recent years a number of studies have shown that Zerumbone influences cancer sensitizing during IR therapy, including IR and cell cycle repair and apoptotic pathway function [82,83]. Regularly, some researchers have described the combined therapy in NCI-H1299 cell line 48–72 h after ZER (10 μg/mL) and β-ray (range from 5–10 Gy) irradiation effects of the Zerumbone. In addition, before the treatment of PC3 and DU145, cell life was decreased until reaching different doses of IR (0–6 Gy), μ-H2AX was removed and the expression of ataxia telangiectasia mutated (ATM), Janus kinase 2 (JAK2) gene, and STAT3 phosphorylated proteins, all involved in DNA damage preparation (10 μM) until human prostate ZER cell treatments, were decreased [84]. Brain tumors are the leading cause of cancer-related death in children [85]. The incidence of primary malignant brain tumors is increasing, of which 80% consist of high-grade malignant tumors such as glioblastoma multiform (GBM) [86]. Another study has reported that treatment with Zerumbone suppressed FOXO1 and Akt phosphorylation due to inactivation of IκB kinase α (IKKα) while activating caspase-3 protein and Poly (ADP-ribose) polymerase (PARP), which resulted in decreased cell viability, and induction of apoptosis in GBM cells [87].




7. Ursolic Acid


The family of triterpenoids belongs to Ursolic acid (UA), including the above-mentioned celastrol. This is found in the skin of many vegetables, including strawberries, blueberries and plums, and in many herbs such as rosemary and thyme. While the use of natural molecules has been unaware for centuries of the pharmacological effects of UA, which has anticancer, anti-inflammatory, and anti-microbial activity, it has recently been demonstrated [88]. Its application has also been recently emphasized for radiosensitization. A notable decrease in cell viability relative to untreated CCs was seen in the DU145 human prostatic cell line in 30 μM UA 24 h before Gy-irradiance (5 Gy). As a result, cells and compact or broken nuclides, caspase-3 amplification, cleaved PARP and DNA were decreased. Cell viability was reduced, Apoptotic waterfall Activation and an elevated amount of ROS were also observed in human colon carcinoma CT 26, and mouse melanoma cells B16F10 treated all under same conditions as DU145 cells. Mouse implanted in B16F10 cells has been blocked for 2 weeks and treated with 100 mg/kg and 4 Gy IR via the down regulation of Bcl-2, Survivin via the tumor test Western blot [89]. After UV treatment to human or cancer cells, UA therapy caused a differential operation. The human cell line CRL-4000hTERT-Rpe and CRL-11147 melanoma cells of skin were both treed with 1 μg/mL UA in an assessment of differential ROS-mediated UV production, cell stoppage, and mortality at least 8 h before UV radiation. However, clonogenic treatment and the expression of YO-PRO-1 has been checked for therapy with UA, with the aim precisely of potentiating apoptosis that can induce optical radiation and cell death in skin melanoma cells rather than in RPE cells [90]. NSCLC cells and, in particular, HIF-1α-expressing cells were intrigued by the findings when they were irradiated with UA after pre-irradiation relative to other cell lines. These sensitizations have been linked to increased DNA damage rates as one of the most effective ROS scavengers, measured by a study of the formation of micronuclei, which have dramatically reduced endogenous glutathione levels [91]. Acute irradiation-induced deficiencies in contextual learning and memory, as well as novel object recognition memory, were found to be improved by UA. In the subgranular zone, however, the therapy worsened the radiation-induced loss in neurogenesis. An increase in mitochondrial dysfunction caused by domoic acid in mice has been demonstrated to be improved by UA through modulating the signaling pathways for Forkhead box protein O1 (FoxO1) and PI3K/Akt [92]. There was additional evidence that D-galactose caused neurodegenerative alterations might be treated with UA through antioxidant and anti-inflammatory pathways. Apart from better performance in the step-through test and Morris water maze, therapy with UA was demonstrated to decrease advanced glycation end products (AGEs), receptor for AGE, ROS, and protein carbonyl in the prefrontal cortex [93].




8. Withaferin A


Withaferin A (WA) is a steroid of the lactone of a major category of natural steroids known as mitanolides. The result was an extract of the wild plant leaves Withania Somnifera, also known as Ashwagandha or Winter Cherry, from the 1950s. Work on the antitumor activity in WA began immediately after isolation and demonstrated the effects of WA on nasopharyngeal and osteosarcoma cell carcinomas [94,95]. Several experiments showed since that time, that WA is both in vitro and in vivo a natural anticancer agent [96]. As forecast, WA and a single RT have shown an inhibition of tumor growth and tumor-free survival and improved memory specificity training. Mice treated every 8 days at 5 mg/kg have attained 40 percent tumor-free survival, with the average survival time of 120 days rising to 100 percent free tumor, at a cumulative dose of 30 mg kg per second. In WA 5, 7, or 10 days following inoculation similar results were obtained indicating that the tumor growth effects of WA can partly be solved. Treatment for WA and RT was unsuccessful in advanced tumor stages. In general, treatment with RT alone cannot cause positive effects especially in mice [97]. Before the individual 30 Gy dosage irradiation and multiple tumor response parameters were measured, the mouse was treated with incremental WA dose of 10 to 60 mg/kg. Nonetheless, in 45% of cases with 40 to 60 mg/kg of mice, complete remission was completely convincing at 55% and partial remission [98]. The results of WA + RT in fibrosarcoma were studied and melanoma symptoms tested on the same laboratory conditions. The findings were roughly the same as expected [99]. Over the past years the emphasis on withaferin A’s radiosensitizing impact has also been on the mechanisms that are compromised following the WA therapy. One of the in vitro study reported that WA reduced the viability of the human histiocytic cell line U937 [100]. Most experiments combine the 0.5 μM subtoxic dosage; however, with the 10 Gy radiation as the wafer, cytoplasmic accumulation and nuclear condensation will effectively induce around 40% cell death as well as other morphologic changes in the apoptosis, e.g., cell shrinking. In addition, the IR-accompanied administration of WA leads to higher ROS output, increased PARP expression, decreased Bcl-2 activation of JNK and p38 signals known to be triggered by further cellular voltage, like ROS [101]. Same group of researchers have been derived from the Withaferin A vaccine 4 μM and 10 Gy from the X-ray cells vaccine in caki (renal carcinoma), SC-Hep1 (liver carcinoma), MDA-MB231 (width cancer), and HeLa (cervical cancer) cells in other lines of cells [102]. According to a study by Widodo et al., WFA selectively activated p53 in tumor cells treated with Ashwagandha leaf extract, leading to growth arrest and apoptosis [103]. In addition to other pathways, WFA-induced apoptosis has been widely documented. ROS are generated when mitochondrial respiration is inhibited by WFA, according to research by Hahm et al. As compared to normal human mammary epithelial cells (HMEC), MDA-MB-231 and MCF-7 cells produced more ROS after treatment [104]. It has been shown that WFA treatment induces apoptosis in breast cancer by altering mitochondrial dynamics [105].




9. Emodin


Emodin is a natural phenol agent derived from roots and rhizomes of several species, including the Cascara sweetheart and the Cascara palmatum Chinese herbs [106,107]. Emodin is a similar, endogenous ROS generator with electron transfer capability to DMNQ (2,3-dimethoxy-1,4-naphtoquinone) and mitochondrial ubiquinone [108]. It works against bacteria, antiviral products, inflammatory diseases, and cancer [109,110]. The methods used to inhibit cancer formation in Emodin remain unknown, while leukemia, breast cancer, colon cancer, and lung cancer, have been shown to have an effect against tumors [111]. In many cancer cell lines, important findings have also been found. The different doses of HeLa cervical cancer cell lines induced a change in some radiobiological parameters in the survival curve before being exposed to different dose of radiation (0, 2, 4, 6, 8, 10 Gy) at various doses of the Emodin-alone (0.5, 100 and 200 μM) dose. In the clinical practice (SF2), the average fractional dose of 2 Gy and concentration-dependent increase in sensitivity ratios SER (D0) and SERDq were reduced overall to the medium lethal dose (D0), quasi-threshold dose (Dq), and extrapolation dose (N). The distribution of cells and apoptosis studied showed an increased number of G2/M and sub-G1 cells within 24, 48, and 72 h after 50 μM AE and 4 Gy IR treatments. This combined treatment also increases Cyclin B, γ-H2AX, and ALP expression [112]. Also in the same therapeutic method, p53 mutant (Mut) murine cell sarcoma was employed. Nuclear survivors exposed to 50 μM AE before 2 Gy X-rays radiation and decrease of the nuclear transportation protein, called chromosome region maintenance 1 survivors, export from the nucleus to cytoplasm [113]. Emodin increased the cytotoxicity generated by gefitinib in two non-small cell lung cancer (NSCLC) cell lines, A549 and H1650, according to Chen et al. Emodin improved a gefitinib-induced drop in phospho-ERK1/2 and Rad51 protein levels by increasing Rad51 protein instability at low dosages of 2–10 M [114]. By activating a ROS-activated ATM-p53-Bax signaling pathway, Lai et al. found that Emodin promoted mitochondria-dependent apoptotic cell death in human lung adenocarcinoma A549 cells. The proteins ERCC1 and Rad51 are required for nucleotide excision repair and homologous recombination [115]. Platinum-containing drugs such as cisplatin or carboplatin are the most significant chemotherapy treatments for patients with advanced NSCLC. Resistance to platinum-based medications is one of the most significant hurdles to cancer treatment, and it is frequently linked to a poor prognosis in NSCLC patients. In human NSCLC cell lines, Emodin was found to boost the cytotoxicity caused by cisplatin in a synergistic manner [116].




10. Berberine


Berberine(BBR), a part of the alkaloid derived from many medicinal plants, including Huang Lian, has low toxicity. It is also commonly used in China as a medication for gastrointestinal pain and has been tested for diabetes mellitus type 2 and hypercholesterolemia in clinical studies [117,118]. Research has shown that BBR has a variety of cancer cells antitumor activity [119,120,121]. The progression of the cell cycle and the promotion of apoptosis are frequently inhibited. A study found that BBR has radiosensitization in cells that cause lung cancer [122]. A follow-up study showed that BBR significantly radiosensitizers esophageal cellular cancer (ESCC) at low levels. In cell lines (KYSE30; KyS450, KYSE410, EC109; TE-1), BBB (15 μM) was tested for 24 h with X-radiography (2–6 Gy) susceptibility to radiation was important. The downregulation of RAD51 in DSB repair, as experimental data demonstrated, has mediated this effect. The ESCC human tissue over-expression of RAD51 suggested this protein may be employed as a radiation reaction biomarker. Indeed, in non-malignant cells at radiosensitization stages, BBRhas not determined any influence or down-regulation of RAD51. There is therefore an expected radiosensitization effect of Berberine unique to the cells of ESCC [123]. One cell of a human prostate cancer (PC-3) line had a high apoptotic rate of γ-irradiation (4–6 Gy) with berberine (30 μM) for 24 h. The apoptosis process aimed at improving the ROS of this receptor for prostate cancer. In addition, the combined action of BBR on prostatic cancer cells and mechatribes such as Bcl-2 NF-kB-p53, P38 and JNK radiosensitizing and expanding has shown that a range of molecules involved in apoptotic, cell cycle, and radiation expression are deregulated [124,125,126,127]. Finally, BBR’s role in radiosensitization was tested in models for breast cancer. BBR (15 μM) was treated with a variable dose of X-ray (1–4 Gy) in the cells of breast cancer, MCF-7 and MDA-MB468. The findings indicate that cell cycle retention, mechanisms for restoration of μH2Ax focus-inhibited DSBs, and down-regulation of RAD51 are followed by a BBR therapy [128]. Immunotherapy for the treatment of cancers has gotten a lot of interest recently. BBR has been found to have anti-tumor immunotherapy properties. In a study, BBR inhibited the release of IFN-γ, TNF-α, interleukin (IL)-6, and IL-1 from LPS-stimulated lymphocytes by acting as a dopamine D1- and D2-like receptor antagonist [129]. BBR also reduced TNF-α and IL-1 levels and inhibited CD4+ T cell proliferation, which helped to alleviate autoimmune neuropathy [130]. Furthermore, BBR blocked STAT1 phosphorylation, resulting in IFN-γ induced IDO1 expression suppression. These findings suggested that BBR could be a promising therapeutic target for tumor immunotherapy [131].




11. Selenium


Selenium (Se), which is naturally found in the form of two inorganic compounds, selene and selenate, is an important ingredient for humans, plants, and micro-commonwealth as well as organic derivatives. Sodium selenite, usually associated with an antioxidant activity, is an oxidant that helps cells to be more prone to oxidative stress in spite of the other selenium compounds. Several experiments suggest that its cytotoxic effects are more vulnerable to phagocytic cell activity and apoptotic pathways due to the overt or indirect activation of the natural killer cells (NK) and the induction of disulfide exchanges on the surface of cancer cell membranes [132,133]. Therefore, as described by numerous studies, the use of selenite appears to have promising anti-cancer effects, including with RT. In A375, human melanoma cells also radiosensitizing effects of Se were found. Liua et al., in particular, investigated the effects combined with bevacizumab and X-rays of a highly hemocompatible, membranously covered ultrasmall selenium nanosystem (2–8 Gy). After combined treatment (17.5%), data from the test showed a growth of caspase-mediated apoptotic pathways within the A375 cell area. Increased A375 cell proportions in the activated cleave caspases 3/8/9 and PARP cleavage alone (56.2%) in RBCs or RBCs@Se/Av alone (96%). Moreover, this procedure leads to improved development of ROS, mitochondrial ROS fragments and multiple DNA damage marker levels, while also reducing expressiveness of VEGF and VEGF2 [134]. Despite several investigations on the pharmacodynamics (PD) of Se in normal and malignant cells, it is still unknown which form and dose of Se may be administered safely and has the best differential effect in normal and malignant tissues, particularly when combined with chemotherapy and radiation. Although the pharmacokinetic (PK)-PD link has not been demonstrated in people, current Se doses are empirical or guided by PK. As a result, the best form and dose of Se to employ with chemotherapy or radiotherapy is unknown. To the contrary, Joel et al. have shown that human white blood cells (WBC) can be used to quantify PD biomarkers of Se effects, which will allow clinical research to examine Se PD/PK in order to establish the appropriate Se drug and dose to be put into potentially pivotal trials [135].




12. Genistein


Genistein (SOY ISA) prevents the spread of the cell and thus improves apoptosis by inhibiting tyrosine activity and DNA topoisomerase protein kinases 2. These molecules also help the mechanism of DNA reparation and anti-angiogenic and anti-tumor activity [136,137]. In several studies, Genistein in vitro has shown that it inhibits cancer cell growth, such as lymphoma and melanoma [138]. Experimental results have shown that Genistein (40 μmol/L) treatments and I-radiation (4 Gy) are combined, which significantly inhibit cervix cellular cancer (Hela) growth and increase radiosensitivity down-regulation [139]. This receptor has been absent from usual isolated tissues and malignant tumors have been extensively exposed [140]. Mortality levels were linked to decreased mortality and increasing recurrence and clinical resistance; Genistein has therefore been recommended to reduce the dose of IR and possible RT adverse events [141]. Based on earlier work demonstrating Genistein’s capacity to suppress cell growth of cervical tumors, Yashar et al. assessed the possible role of the compound as a radiosensitizer in other cervical epithelial cancer [142,143]. Experiments have shown that Genistein reduced cell damage caused by oxidative stress in the A549 cell line; it reduced ROS and the antioxidant component glutathione [144]. Genistein has an effect on the methylation status of DNA: researchers have found, in particular, that methylation inhibition in the Promoter1 region of Keap1 implied an increase in the gene transcription rate [145,146]. The result was nuclear factor erythroid 2-related factor 2 (Nrf2), which is an antioxidant factor and the oxidative deregulation of the system [147,148]. Apoptotic and A549 cell radiosensitivity is improved through this experiment. This mechanism includes an interesting pathway for Keap1 and Nrf2, in standardized MRC-5 cells in the lung fibroblasts. Apoptotic and A549 cell radiosensitivity is improved through this experiment. Of note, the Keap1/Nrf2pathway involves uniform MRC-5 cells with lung fibroblast [149]. This combination Genistein IR therapy led to a reduction in Bcl-X, which is a recognized influence in the treatment of lung cancer, as seen in some research [150]. Bcl-x also took part in molecular interactions with Beclin-1 protein modulation of autophagy [151,152]. In short, the authors suggest that Genistein may affect the radiosensitivity of NSCLC cells, as they can regulate Bcl-x cytoplasmic expression levels and therefore apoptotic and autophagic processes [153]. Different forms of cancer have been carefully examined to determine Genistein’s molecular mechanism of action. Angiogenesis, angiogenesis and metastasis are all modulated by genistein. In terms of its molecular targets, Genistein has caspases as well as the NF-κB, extracellular signal-regulated kinase 1/2 (ERK 1/2), mitogen-activated protein kinase (MAPK), and the Wingless and Integration 1/-catenin signaling pathway as well as phosphoinositide 3-kinase/Akt (PI3K/Akt) [154]. Genistein-induced stress and its downstream targets have also been found to trigger apoptosis in cancer cells, together with transcription factors [155].




13. Future Perspectives


We are widely aware that “one size fits all” is not used for cancer treatment because generic medical guidelines are incorrectly treatable for patients who do not offset the dynamical nature of cancer. The quest for the best cure for particular neoplasms is therefore one of science’s most challenging problems. Today, with the development of the sequencing techniques and the expression of genes, we are aware of the importance of increasingly customized treatments as tumors that affect the same organ can be divided further into subgroups with a certain biological profile, which prevents treatments benefiting si-tumors. Since decades of relentless cancer studies, more effective treatments to personalize treatment have been built in the light of both the disease and the patient to be treated. Scientific methods including chemotherapy and RT have been applied, although for the first time, new and more powerful drugs have been developed, and since the detection of radioactivity and its initial use in cancer, which took place in 1896, they have been based on the same principles [156]. RT can deliver a certain dose to the tumor directly in relation to chemical therapy, thereby limiting tissue damage. It is precision in the use of harden therapy to save healthy areas surrounding the tumor. Thanks to their existence the most energy charged particles including protons and carbon ions will deposit with little diffusion [157,158]. Both traditional RTs, using photons (gamma or X-rays), and harden therapy may cause cell death by altering the DNA’s target structure. DNA breaks may be directly induced if there are double beach helix effects or if there is an indirect definition of the effects of ROS production triggered by RT. Nearly every molecular structure in the cells can also be oxidized and killed, not only causing DNA damage [159]. However, cancer can also acquire RT resistance, as often happens with chemotherapy. Therefore, RT can be coadjusted by the application of radiosensitizing compounds. Several medications are used for this reason today that are generally referred to as hypoxic and nonhypoxic (e.g., nitroimidazoles and halogenated pyrimidines) radiosensitive agents, which may have widespread downstream consequences. Nutraceuticals, which can echo the effect of radiosensitizers with synthesis, may help solve this issue since their toxicity is small. The interest in natural compounds to treat a variety of pathologies has been increased lately not only due to their less toxic effects, but also due to their low cost. The benefits of natural compounds have long since been recognized for their health promotion, and their use in medical treatment is central to conventional medicinal products, including traditional Chinese and Ayurvedic medicinal products. The benefit of nutraceuticals has been the use of hypertension, diabetes, and osteoporosis and lipid control. They were used in clinical practice as a neoadjuvant to chemotherapy [160,161,162]. It cannot be concluded that nutraceuticals products also contribute to the mediation of radiation exposure. According to several scientific documents, it works as an anticircumcisant that demonstrates its positive effects as radiosensiblists, we are trying to collect data on natural materials such as turmeric, resveratrol, vitamin D, withaferin, celastrol, ursolic Acid, Zerumbone, emodin, berberine, Genistein, and selenium (Table 1). This is demonstrated by the general capacity of the cell to produce down-regulation BCL-2, PARP increases, and Caspa-3 cleavage. These are the most common biochemical findings of tumor radiosensitization. All results are based on the uniqueness of nutraceuticals. The nutraceuticals pathways such as cell migration, swelling, autophagy, and ROS production are summarized in Figure 2. The nutraceuticals pathways such as cell migration, swelling, autophagy, and ROS production are summarized in Figure 2. Many of the protective mechanisms behind the products of nutraceuticals still need clarification and description. Deeper understanding of the key pathways for radiosensitization of nutraceuticals can be a better way to function and can help recognize new cell-sensitization targets.




14. Concluding Remarks


A powerful and well-tolerated radioprotector for normal tissue is needed because RT is a mainstay of cancer treatment and patients often suffer from side effects as a result. ROS are the main dangers of irradiation. Many medicinal plants have been used in natural products for hundreds of years, indicating that they are well tolerated. But even though a complete radioprotection is not possible, the role of natural products as modulators of the cell cycle, DNA repair, and antioxidative stress reduction is becoming more and more evident. The goal of improving quality of life without compromising therapeutic efficacy requires further elucidation of the properties of natural products and the mechanisms by which they prevent the side effects of chemotherapeutic drugs and radiation, in order to aid in the rational combination of natural products with anticancer drugs to optimize cancer treatments.
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Abbreviation




	ACF
	Aberrant crypt foci



	AGEs
	Advanced glycation end products



	Akt
	Protein kinase B



	AP-1
	Activator protein 1



	ATM
	Ataxia telangiectasia mutated



	DNA
	Deoxyribonucleic acid



	EGFR
	Epidermal growth factor receptor



	Erg-1
	Early growth response protein 1



	FoxO1
	Forkhead box protein O1



	GBM
	Glioblastoma multiform



	HIF-1
	Hypoxia-inducible factor 1



	HMEC
	Human mammary epithelial cells



	IKKα
	IκB kinase α



	IR
	Ionizing radiation



	JAK2
	Janus kinase 2



	MAPK
	Mitogen activated protein kinase



	NF-κB
	Nuclear factor kappa B



	NK
	Natural killer cells



	Nrf2
	Nuclear factor erythroid 2-related factor 2



	NSCLC
	Non-small cell lung cancer



	PD
	Pharmacodynamic



	PI3K
	Phosphoinositide 3-kinase



	PK
	Pharmacokinetic



	PPAR- α
	Peroxisome proliferator-activated receptor alpha



	ROS
	Reactive oxygen species



	RT
	Radiotherapy



	RV
	Resveratrol



	STAT3
	Transducer and activator of transcription 3



	TBK1
	TANK-binding kinase 1



	UA
	Ursolic acid



	VDR
	Vitamin D receptor



	VEGF
	Vascular endothelial growth factor



	WA
	Withaferin A



	WBC
	White blood cells



	ZER
	Zingiber
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