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Cancer is one of the most serious public health challenges in the world. The number of new and fatal patients with cancer continues to increase every year, which poses a serious threat to human health. Although there are effective treatments such as radiotherapy and chemotherapy for cancers, they are often accompanied by serious side effects. With the development of the pharmaceutical industry, there is a gradual desire to develop low-toxicity and effective anticancer drugs from traditional Chinese herbs. Due to its “homology of medicine and food,” jujube is one of the traditional Chinese herbs that is extensively used in China. In addition, jujube has received much attention around the world for its excellent pharmacological effects and food value. This article reviews the anticancer effects of a fruit, food, and drug, jujube, which have been shown in current studies, and analyzes its therapeutic mechanism, active ingredients, extraction and isolation methods, as well as its synergistic and attenuation performance in cancer. This will further promote the progress of natural medicine’s anti-cancer effect.
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1 Introduction

Cancer is one of the most serious public health challenges facing the world today, with 27 million new cases predicted by 2040 (1). In addition, cancer kills up to 25% of patients every year (2), which is still a great threat to human health. The current treatment of cancer can be roughly divided into four categories: (1) surgical removal of cancer cells; (2) killing cancer cells by some chemotherapeutic drugs and cancer-specific drugs; (3) radiotherapy; (4) spontaneous regression of cancer cells (3).

These treatments, while effective against cancers, also result in significant collateral damage to normal cells (4). Chemotherapy drugs are often associated with severe side effects and high costs. Scientists are paying more and more attention to the study of natural products. Natural products used to treat and prevent cancer have become a new way for drugs to fight cancer due to their unique molecular characteristics, excellent efficacy and safety (5).

In recent years, with increasing attention to food safety and health, there has been a growing focus on the health benefits and therapeutic effects of food (6). In traditional Chinese medicine, this is called “homology of medicine and food”. The concept of “homology of medicine and food” can be traced back to “Huangdi Neijing” (Huangdi’s Canon of Medicine), in which it was mentioned that “take empty food as food and take medicine to the patient”, which was the first time to put forward the concept that food can be medicine. In 500 A.D, the concept of diet therapy was first mentioned by the famous doctor Sun Simiao in his “Beiji Qianjin Yaofang” (Valuable Prescription for Emergency). Nowadays, with the continuous development of medicine and the accumulation of experience, people have discovered that drug-food homologous substances have significant advantages in reducing blood glucose, blood lipids, anti-oxidation (7), anti-inflammation (8), immune regulation (9) and anti-cancer (10). By 2022, 110 kinds of medicinal herbs with homology of medicine and food were listed by relevant state departments according to the Food Safety Law of the People’s Republic of China and a series of measures such as safety assessments (11).

“Da Zao”(‘Ziziphus jujuba’ Mill.) is a nutritious and potent fruit (12). Jujube, the mature fruit of the Rhamnaceae family plant jujube is widely cultivated in Europe, Australia, South Asia, East Asia, and northern China (13). In particular, jujube has been used in China for thousands of years as a fruit, medicine, and food (14). In traditional Chinese medicine, jujube is commonly used as a treatment for anemia and hemorrhage (15). Globally, jujube has been discovered to have various pharmacological effects, including the treatment of anemia (15),anti-oxidation (16), immune regulation (17), anti-inflammation (18), anti-cancer (19), etc. Scientists have conducted in-depth research on jujube and discovered that jujube and its active ingredients have anti-cancer properties, which can effectively fight various types of cancers. Figure 1 depicts the cancer types treated with jujube. This review summarizes jujube in the past 10 years and its active ingredient in anti-cancer and attenuated cancer treatment efficiency performance. It also provides an overview of the extraction and separation methods for its effective components. Figure 2 is a flow chart.




Figure 1 | Types of cancers treated with jujube. Jujube has excellent therapeutic effects on liver, colorectum, cervical, renal, blood, melanoma cancers.






Figure 2 | Flow diagram. The anticancer effect of jujube was analyzed by network pharmacology. The extraction and separation method, attenuation function, anti-cancer effect and mechanism of jujube were summarized. Pathways associated with cancer in the Kyoto Encyclopedia of Genes and Genomes are shown in the red box. AKT-1, caspase-3, mTOR, Cav-1, FAT4-HIPPO, and ATM-CHK2 are the signaling axes.






2 Network pharmacology

To investigate the potential anticancer effects of jujube, a network pharmacology analysis was performed. This analysis takes into account the multi-component, multi-target, and multi-level nature of jujube. According to the criteria of oral bioavailability ≥30% and drug similarity ≥0.18, a total of 13 active ingredients were selected from the TCMSP database (https://old.tcmsp-e.com/tcmsp.php) (20). Protein names were entered into the multiprotein section of the STRING database (https://cn.string-db.org), specifically selecting the Homo sapientia species. The gene names corresponding to the protein names were then downloaded and matched (Supplementary Table 2). We used Cytoscape 3.9.1 to construct physiological network maps of the 13 active components and corresponding genes. In the figure, the red module represents the name of the medicinal herb, the blue template represents the active ingredient, and the yellow module represents the corresponding gene. We used DAVID database (https://david.ncifcrf.gov) on genes that were analyzed, and the use of bioinformatics online platform (http://www.bioinformatics.com.cn/) in the analysis result carried out the visualization processing (21). Results as shown in Figure 3, most of the genes are enriched in the cancer. This provides a theoretical basis for us to study the treatment of cancer with jujube.




Figure 3 | Jujube-active composition target plot and Kyoto Encyclopedia of Genes and Genomes analyses. In the red box are the signaling pathways associated with cancers in the Kyoto Encyclopedia of Genes and Genomes enrichment analysis.






3 Method of extraction

At present, the extraction of active ingredients from natural plants in a safe, green, and efficient manner is highly popular. As a trendy fruit and plant with notable anti-cancer activity, there have been many studies on the extraction of the active ingredients contained in jujube. Zhao (22)compared three different extraction methods when extracting phenolic substances in jujube and silymarin in jujube seeds, namely, conventional Soxhlete extraction, ultrasound-assisted extraction and supercritical fluid extraction, and finally certified that the efficiency of supercritical fluid extraction could be six times that of Soxhlete extraction. Zou et al. used an ultra-high-pressure assisted DES(Deep Eutectic Solvent) to extract JU-H,JU-U,JU-D and JU-UD, four polysaccharides of jujube (23). As one of the solvents that is recognized for its low pollution, high efficiency, and ability to be reused, DES is composed of hydrogen bond donor (HBD) and hydrogen bond acceptor (HBA). Under certain conditions, the acceptor and the donor can form a hydrogen bond to form a low utility solvent to extract the active components of jujube, and then only the hydrogen bond needs to be broken. The extracted active ingredients can be separated and the separation is completed. This solvent has been applied to most natural drugs and food, and has certain safety and reliability. Multiphase extraction also has certain advantages in extracting natural components, and its mild extraction environment can make the natural component activity almost unaffected. We summarized the popular methods for the extraction and separation of active ingredients in Chinese jujube. As shown in Table 1.


Table 1 | The extraction method of jujube’s active ingredients.






4 Active components

Jujube contains complex chemical components and has potent biological activity. These components mainly include phenols, flavonoids, polysaccharides, triterpenoids, alkaloids, saponins, dietary fiber and other nutrients (12). Among these components, anti-cancer effects have been reported, and the main mechanisms that have been described are phenols, flavonoids, triterpenoids and saponins. In particular, the biological activities and pharmacological effects of triterpenoids (ursolic acid type, oleanane type, and lupine type) (36) have been studied in detail and adequately. As shown in Table 2.


Table 2 | Bioactive components of jujube.





4.1 Phenols

Jujube contains a high content of phenolic substances, which are the main compounds (50). The extraction of active ingredients from natural plants in a safe, green, and efficient manner is highly popular. Shiva Mosadegh Manshadi et al. (51) analyzed the total flavonoids and total phenolics in red jujube using water, alcohol, and ethyl acetate extraction methods. They also determined the total phenolic content in red jujube, discussing its antiproliferative effect on acute leukemia. The presence of phenolic substances further elucidates the mechanism by which jujube treats anemia.




4.2 Flavonoids

Jujube is rich in various types of flavonoids. Gao et al. (52)detected the content of flavonoids in different jujube, and reported the content of 11 flavonoids. Spinosin, whose chemical formula is C28H32O15, is a natural flavone C-glycoside, isolated from the seeds of the jujube variety (53). At present, it has been shown that it has sedative, hypnotic and anti-anxiety pharmacological effects. In addition to this, Jianping Chen et al. (15) reported that jujube flavonoids stimulate Erythropoietin (EPO) expression. Hamid Zare et al. (52) designed a jujube syrup and proved that it had the effect of treating chronic numbness. After the analysis of its components, it was determined that the flavonoid components of jujube played a major role in its medicinal effect. The discovery of these flavonoids further expands the rich pharmacological effects of jujube. Jujube is rich in many kinds of flavonoids, which explains the diversification of its pharmacological action.




4.3 Triterpenes

The triterpenoids contained in jujube are mainly pentacyclic triterpenoids, which are also the bioactive markers of jujube stipulated in the Pharmacopoeia of the People’s Republic of China. At present, more than 120 kinds of triterpenoids have been proven in jujube (36). Therefore, most pharmacological studies of jujube against cancers focus on its triterpene components. The main triterpenoids reported in the literature include ursolic acid, oleanolic acid, betulinic acid, lupane, etc. Bear acid ursolic acid from primary metabolites, and the difference between it and bear fruit acid is more than a ketone group C-3 position, so it’s stronger anticancer (54). Pierluigi Plastina et al. (55) also reported the cytotoxic effect of triterpenoids from jujube on human breast cancer cells, although they did not isolate the specific triterpenoids extracted.




4.4 Polysaccharides

Jujube contains a high amount of polysaccharides, contributing to its sweet taste. The polysaccharides in jujube have been reported in several literatures, and their extraction, isolation and pharmacological effects have been studied. Ji et al. extracted polysaccharide fractions from jujube and obtained three kinds of jujube polysaccharides, which were discovered to have antioxidant effects (56). Jiao et al. identified four types of plant polysaccharides in jujube during their study, all of which exhibit antioxidant and anti-cancer properties (57). Xu et al. isolated and purified a deproteinized polysaccharide (DP) from jujube, which was mainly composed of two parts with average molecular weights of 143,108 and 67,633kDa, respectively. It comprised rhamnose, arabinose, xylose, mannose, glucose, and galactose in varying molar ratios. Based on this, its immunomodulatory effect was further studied (58).




4.5 Others

The composition of jujube is highly diverse, particularly in its bioactive ingredients, predominantly in the form of glycosides, notably flavonoid glycosides and protein glycosides, which are the primary active compounds against cancers. Jujube contains flavonoid glycosides named jujube glycosides (A-F). Jujube A and jujube B have been clearly reported. Ilandarage Menu Neelaka Molagoda, et al., studied 5 kinds of flavonoid glycosides contained in jujube, including jujube A and jujube B, and showed that these substances had obvious effects on preventing excessive melanin pigmentation (59). Additionally, other components of the jujube plant also exhibit anti-cancer effects, although few of these have been purified. Initially, these components are often extracted using organic solvents to assess their anti-cancer effects. He structure of the jujube glycosides are almost with polysaccharide by glycosidic bond together is the flavonoid glycoside is not a single flavonoids. Additionally, other components of the jujube plant also exhibit anti-cancer effects, although few of these have been purified. Initially, these components are often extracted using organic solvents to assess their anti-cancer effects. Raghuram Kandimalla et al. conducted coarse extraction fractionation of jujube root bark, revealing the anticancer effect of silymarin and its significant role in restoring liver function markers (AST, ALT, ALP, LDH, SOD, and CAT) (60). The anti-cancer mechanism of jujube may also be related to the synergistic action of several chemical components.





5 Mechanisms of anticancer

Jujube plays an important role in cancer treatment. Many scientists have conducted a complete study on the mechanism of jujube in the treatment of cancer. They found that jujube had positive effects on anti-inflammation and anti-oxidation, inhibition of cell proliferation, promotion of apoptosis, cell cycle inhibition, and DNA damage. Figure 4, Table 3 represent some of the anti-cancer mechanisms of jujube.




Figure 4 | The mechanism diagram of jujube in treating cancer.




Table 3 | Anti-cancer mechanism of jujube.





5.1 Anti-inflammation and anti-oxidation

Jujube contains bioactive components such as flavonoids and flavonoid glycosides, including quercetin, which have anti-inflammatory and anti-oxidative effects. The production of inflammation is a defense mechanism produced by the body in order to restore the original homeostasis of the body when it is stimulated by pathogens, foreign substances, bacteria, etc. However, when the inflammatory response is strong, it may cause damage to some organs and impair body function (77). Cytokines associated with inflammation mainly include interleukin-6 (IL-6), interleukin-8 (IL8), cyclooxygenase-2 (COX-2), and cancer necrosis factor-α (TNF-α). Cancers, both during their development and throughout treatment, can induce inflammation and cause significant harm to the body. This is one of the main reasons the cancer cells, in the process of growth, will produce certain secretions of proinflammatory factors as well as certain chemokines induced inflammation. In the process of treatment, the use of radiation and chemotherapy drugs may have a poisonous effect on the cells caused by normal cell death induced inflammation. Wang et al. (78) detected that jujube had certain anti-inflammatory effects and briefly described its mechanism, which was mainly related to the inhibition of MAPK pathway and NF-kB. The production of a large number of free radicals is one of the characteristic phenotypes of cancers. These free radicals mainly include DPPH, ROS, NO, etc. Under the stimulation of these free radicals, it is easy to produce oxidative stress and cause damage to cells. Cheng et al. (79)discovered that jujube could remove hydroxyl free radicals and peroxides produced by hepatocytes in mice with chronic liver injury when studying jujube.




5.2 Inhibition of proliferation

One of the common reasons that aggressive cancers are prone to metastasis is because of the high proliferation of cancer cells. Cancer cell proliferation is often related to proliferating cell nuclear antigen (pCNA), which is involved in the important metabolism of cancer cells, such as cell survival, energy metabolism, glycolysis (80). Rapid cell proliferation is one of the characteristics of cancer cells. Most of the current common anti-cancer drugs have direct or indirect inhibitory effects on the proliferation of cancer cells. Usually, we observe the inhibition of cancer cell proliferation mainly by cell viability assay, CCK8 assay, MTT assay, etc., and observe the cell status by microscope to determine whether the cancer cells appear atrophy and whether the adherent cells float. Pierluigi Plastina et al. (81) extracted the active ingredients of jujube fruit and evaluated their effect on the proliferation of MCF-7 breast cancer cells using the MTT assay. The study found that these extracts significantly inhibited cell viability in breast cancer cells. Mohammad Reza Abedini et al. (78) obtained a jujube water extract and incubated it with OV2008 cervical cancer cells and MCF-7 breast cancer cells. Observations of cell morphology and MTT assays of cell viability revealed a significant antiproliferative effect on cancer cells within 24 to 72 hours, with the cancer cells exhibiting atrophy, bubbling, and other morphological changes.




5.3 Promotion of apoptosis

Apoptosis, also known as programmed cell death (82), is a normal cell death mode. By promoting the natural death of cancer cells in certain ways, it can ensure the anti-cancer effect while avoiding a large number of toxic side effects brought by radiotherapy and chemotherapy. At present, there are more and more studies on how to promote programmed cell death in cancer cells. The common apoptotic pathways of cancer cells include the mitochondrial pathway, caspase dependent pathway and so on. Caspase-3 is a key enzyme in the apoptosis pathway, and an increase in its activity indicates an increase in cell apoptosis. Merve Nur Ataş et al. (83) studied the mechanism of betulinic acid in promoting cell apoptosis. Betulinic acid is one of the hallmark components of jujube. In this study, betulinic acid was found to increase the enrichment of apoptotic bodies in renal cancer cells. The expression of AKT-1 and mTOR, two genes that induce cell survival, was significantly reduced in response to the treatment. Zhang et al. (84) also conducted similar studies, and they proposed that betulinic acid can inhibit cell apoptosis by upregulating caspase-3, and in addition, it can promote autophagy dependent apoptosis of bladder cancer cells through Bmi-1/ROS/AMPK-mTOR-ULK1 signaling axis. Wu et al. (33) extracted polysaccharides contained in jujube seeds and verified that their anti-cancer effect was achieved through cell apoptosis after a series of structural characterization, extraction, and separation.




5.4 Cell aging

The four phenotypes of cellular senescence recognized by the International Society of Cellular Senescence include: cell cycle exit, macromolecular damage, secretory phenotype and Metabolic disorders (85). Modern studies on the anti-cancer effects of jujube mostly indicate that its primary effect is to induce cancer cell senescence without affecting normal cells. This characteristic underlies the minimal toxicity and side effects associated with many natural anti-cancer agents.



5.4.1 Induction of cycle arrest

The uninterrupted division of cancer cells is one of the main reasons for its difficulty in treatment. Disrupting cancer cell growth arrest or inducing cancer cell death by targeting genes or proteins involved in the cell cycle is a critical strategy in cancer treatment. There are many mechanisms that can promote the cycle arrest of cancer cells, and we briefly review them. The p53 transcription factor is a well-known protein that inhibits cancer cells in the G1 phase. It can interact with the anti-apoptotic proteins of the BCL2 family, leading to their inactivation while allowing other pro-apoptotic proteins to function effectively (86). Upregulation of P21 level increases the level of cell cycle dependent kinase CDK family cut, which can cause the stagnation of cells in S phase. Influence on cell cycle proteins can also make the cancer cell cycle stagnant. The content of ursolic acid in jujube is high, which has the effect of inducing cell arrest in cancer cells, thus exerting its anti-cancer effect.

The mechanism by which ursolic acid induces cancer cell cycle arrest involves its entry into NTERA-2 and NCCIT cells, leading to increased expression of p21. This process inhibits cyclins E and D1, as well as CDK proteins, thereby extending the duration of cancer cell cycle arrest (87). Wang et al. (75) discovered that JUA is a novel activator of FAT4, a cancer suppressor in lung cancer, which causes cell cycle arrest primarily by activating the FAT4-Hippo signaling pathway and promoting YAP nuclear translocation.




5.4.2 Damage DNA

Cells rely on DNA repair and DNA damage to remove mutations or genetic diseases to maintain the stability of the body and heredity, and these two responses are collectively referred to as DNA damage response (DDR). The DDR reaction in cancer cells is highly fragile and easily compromised, leading to the loss of cell cycle checkpoints. Consequently, cancer cells exhibit accelerated growth and reproduction.

At present, the commonly used method to treat cancer is to activate the cancer cell cycle checkpoints such as ATM, ATR, CHK and other genes, so that cancer cells can die normally. However, ATM gene is inactivated in most cancer cells, but fortunately, ATM can be activated by ROS to phosphorylate p53 and CHK2 and other apoptotic factors, leading to cancer cell apoptosis. In addition, ATM activation can also phosphorylate the NF-kB pathway and lead to cell apoptosis, which is the classic ATM-CHK2 pathway (88). In addition, there is the ATR-CHK1 pathway. Shen et al. (69) extract and isolate the active components of triterpenoids in jujube and discover that they have cytotoxic effects on cancer cells. They also study the mechanism of apoptosis induced by them, which is that they stimulated mitochondria to produce ROS and activate ATM to phosphorylate p38-MAPK, leading to cancer cell apoptosis.




5.4.3 Increase of secretion factors

The increase of secretory factors, including inflammatory factors such as IL6 and IL8, is also one of the factors causing cancer cell senescence. These secreted factors, such as MMPs, are present in a variety of signaling pathways. Cisplatin, as a commonly used drug in chemotherapy, can cause irreversible damage to normal cells in the process of reducing cancer cells, and cisplatin is extremely commonly used in the treatment of ovarian cancer and renal cancer. Long-term use of platinum drugs will cause serious toxic effects on normal cells, causing irreversible kidney damage and ovarian damage. Li et al. (68) extracted the active ingredients of Jujube root part and discovered that it contains unique triterpenoids, which can affect some secreted factors to activate the 5 ‘AMPK factor in the mTOR dependent signaling pathway to inhibit the damage of cisplatin to normal renal epithelial cells.




5.4.4 Cell metabolism disorders

The difference between cancer cells and normal cell metabolism is that cancer cells can obtain the energy needed by lipid metabolism, biological ingredients, etc. In addition, glycolysis and cholesterol metabolism in cancer cell metabolism also play an indispensable role. By changing the cancer cell metabolism, glycolysis metabolic processes, such as necrotizing apoptosis, can promote cell apoptosis and even affect the treatment of cancers. Wang et al (89) discovered in the process of studying ursolic acid (one of the main triterpene acids contained in jujube) that ursolic acid can activate the enzyme Caveolin-1 (Cav-1), which can well inhibit some rate-limiting enzymes in the glycolysis process, thus affecting the glycolysis process of cancer cells and causing apoptosis. In addition, affecting the respiration of mitochondria can also achieve this therapeutic purpose.





5.5 Cell autophagy

Autophagy is usually caused by the release of autophagosomes from lysosomes under the influence of certain factors, which is a process of cell lysis. Normally, normal cells will send signals to lysosomes under the control of DNA after growth to a certain cycle or lesions, leading to autophagy in the cell itself. Under the action of kinase ULK1, the new membrane of autophagosomes produced by the endoplasmic reticulum begins to lipidate and increase the membrane area, which also means the start of autophagy. Under the regulation of LC3 enzyme and ATG8 protein, autophagosomes will perform selective phagocytosis, so as to keep cells in a healthy state. In the process of cancer treatment, we can regulate autophagy and remove specific factors to promote cancer inhibition (90). DitteLFogde et al. (91) discovered a possible mechanism when studying ursolic acid. Ursolic acid can change the pH value of the lysosome in cancer cells, thereby changing the permeability of the lysosomal membrane, causing errors in cell autophagy and resulting in cancer inhibition. Oleanolic acid is also one of the index components of jujube. Iva Potočnjak et al. (92) discovered that oleanolic acid induced autophagy in colon cancer cells by increasing the expression of LC3B and reducing the expression of mitochondrial outer membrane 20 translocase.




5.6 Immunoregulation

Immune regulation is mainly manifested in the regulation of the body level and the regulation of the cell level. Through immune regulation, the function of the immune system is enhanced, and the proliferation of immune cells is promoted to complete the killing effect on cancer cells. Ruan et al. (93) reviewed jujube polysaccharides and their main pharmacological effects, and showed that JUBP-1, a polysaccharide extracted and isolated from jujube, had a good immune enhancement effect, which was mainly manifested as the induction of spleen cell proliferation. Interestingly, JU-4, another polysaccharide contained in jujube, is known to act as an immunomodulatory factor with a direct ameliorating effect on the immune system. Sandeep Kumar Dash et al. (94) discovered that when the birch fatty acid, self-assembly birch fatty acid regulation on IGg can stimulate the body’s humoral and cellular immunity, stimulate the secretion of macrophage cancer necrosis factor and anti-inflammatory factor has a cytotoxic effect on cancer.





6 Attenuation and synergism

Cancer treatment often affects patients more than the tumor itself. At present, how to reduce the toxic effects of cancer treatment to patients and enhance the efficacy of chemotherapy drugs is also gradually becoming popular. Jujube can not only treat cancers, but also has a good easing effect on some toxic side effects caused by radiotherapy and chemotherapy treatment. At the same time, it can also enhance the therapeutic effect of cancer.



6.1 Attenuation effect



6.1.1 Liver and kidney damage

Cisplatin is one of the commonly used chemotherapy drugs for the treatment of cancers. Long-term administration of cisplatin can cause irreversible liver and kidney damage. Long-term exposure to cisplatin can cause autophagy of renal epithelial cells and lead to apoptosis of renal epithelial cells, which is related to the inhibition of AMPK/mTOR apoptosis pathway. Li et al. (68) extracted the unique triterpene 3DC2ME from jujube root, and discovered that it could inhibit the above pathways and protect renal epithelial cells. Liu et al. discovered that jujube polysaccharide had a good protective effect on liver injury in mice induced by a variety of drugs, including CCL4 and APAP (95). For most cancer patients, long-term use of anti-cancer drugs causes an irreversible injury to liver and kidney function. Jujube’s protection of liver and kidney, can reduce the adverse reaction.




6.1.2 Burden of the heart

One of the common characteristics of cancer patients is the excessive burden on the heart, especially since the long-term use of antineoplastic drugs will produce significant cardiac toxicity. Dong et al. (96) have discovered that JU-B can nourish the heart and attenuate cardiotoxicity. Reza Mohebbati et al. (97) discovered that the aqueous solution of jujube extract can promote coronary vasodilatation by increasing NO, thereby increasing cardiac blood flow and reducing blood pressure, which is an effective and beneficial effect to reduce the burden on the heart for patients receiving long-term anti-cancer treatment.




6.1.3 Anxiety

The negative impact of cancers on patients is not limited to their impact on physical function. Long-term cancer patients will also suffer certain damage to the nervous system, which manifests as anxiety, depression, insomnia and drug-affected intestinal flora imbalance. Jujube kernel (Ziziphus jujube kernel) has been considered to have anti-anxiety, sedative and regulating intestinal flora in traditional Chinese medicine since ancient times (98). Liu et al. studied that jujube kernel has obvious anti-anxiety effect, and conducted a mechanism study in mouse model and discovered that its anti-anxiety effect is mainly related to GABA and 5-HT (99). Yang et al. (100) identified the prevalence of sleep disorders among cancer patients and conducted a systematic review and meta-analysis. They concluded that jujube seed can effectively ameliorate cancer-induced sleep disorders. However, the underlying mechanism remains unstudied. Bian et al. (101) investigated the effect of jujube kernel on sleep improvement using metabonomics. Their study revealed that flavonoid extracts contained in jujube kernel target multiple pathways to enhance sleep, a finding corroborated through pharmacological network analysis. Qiao et al. discovered that jujube kernels can increase the abundance of intestinal flora and improve sleep in rats by regulating the GLU/GABA-GLN metabolic cycle through the brain-gut axis (102).




6.1.4 Fungal infections

Long-term chemotherapy often results in immune decline and increases susceptibility to bacterial infections. The standard treatment for bacterial infections remains the use of antibiotics, which frequently cause significant liver and kidney damage. For cancer patients, who may already suffer from impaired liver and kidney function, this presents an additional burden. Jujube, however, contains flavonoids, polysaccharides, and terpenoids, which exhibit strong antibacterial properties and may offer a beneficial alternative or complement to conventional antibiotic treatments.

Xu et al. (103) discovered that water-soluble jujube polysaccharide can inhibit the activity of a variety of oral pathogenic bacteria, thereby preventing oral pathogen infection. In addition, Miao et al. (104) discovered that the extract of jujube can resist the biofilm formation of Staphylococcus aureus, which provides strong evidence for the antibacterial effect of jujube.





6.2 Synergism effect



6.2.1 Anti-radiation

Gamma rays are commonly used in radiotherapy to kill cancer cells. They have a powerful killing effect and also have a huge toxic effect on normal cells. Patients who have received radiotherapy for a long time have symptoms such as decreased immunity, hair loss, and decreased body function. Ujjal Das et al. (105) discovered that ferulic acid extracted from jujube had an inhibitory effect on the ROS level of lung cancer cells and liver cancer cells. Based on this, ferulic acid could improve the sensitivity of cancer cells to gamma rays, so as to achieve a potent cytotoxic effect that does not affect the normal function of the body of human body.




6.2.2 Intestinal flora

Colorectal cancer often leads to intestinal flora disorders, and the intestinal microbiota plays a crucial role in the development and progression of colorectal cancer. Ji et al. (106) discovered that jujube polysaccharides can significantly reduce the abundance of Firmicutes and Bacteroidetes, indicating that jujube polysaccharides may serve as prebiotics. This suggests their potential in regulating intestinal microbiota to improve and prevent colorectal cancer. Most studies have shown that intestinal flora, as digestive microorganisms, affect the occurrence and prevention of many human diseases. The improvement of the gut microbiota further clarified that jujube can significantly improve cancer treatment and prognosis during cancer treatment.




6.2.3 Cancer-related anemia

Cancer-related anemia is a very common complication of cancer. There are many reasons for its occurrence, such as bone marrow transplantation caused by radiotherapy and chemotherapy, Inflammation caused by bleeding, Bone marrow necrosis caused by cytoma, myeloma, etc. Abnormal immune system responses, such as those caused by hemolysis, can lead to anemia. Currently, the primary treatments for cancer-related anemia include blood transfusions and erythropoietin stimulants, both of which can cause significant harm to the body. Xu et al. (107) discovered that a unique carbon point, J-CD, derived from jujube can specifically stimulate the self-renewal of red blood cell precursors, thereby promoting red blood cell production without affecting cancer proliferation and metastasis. This finding holds promise for treating cancer-related anemia, potentially reducing the harm to the bodies of cancer patients.




6.2.4 Combined administration

Doxorubicin and adriamycin are commonly used chemotherapy drugs in the treatment of cancer. However, these drugs have significant side effects, the most serious being the induction of apoptosis in normal cells and the triggering of severe inflammatory responses. Sandeep Kumar Dash et al. (108) discovered in their study that betulinic acid extracted from the bark of jujube could protect peripheral lymphocytes from oxidative stress induced by adriamycin, and they also verified this effect by Western Blot and other experiments. These results indicated that betulinic acid could alleviate the cytotoxic effect of chemotherapeutic drugs on normal cells. This is also helpful for patients with long-term chemotherapy.




6.2.5 Combined with tea

In China, the practice of drinking jujube tea has a long history, but few studies have explored the combined effects of jujube and tea. Huang et al. (107) found that while jujube alone had a lower selective killing effect on hepatoma cell line HepG2, the jujube green tea extract exhibited a significantly higher selective killing effect on these cancer cells without adversely affecting normal liver cells. The mechanism is likely related to the growth inhibition of cancer cells by the jujube tea extract. Additionally, they discovered that the jujube tea extract had no effect on the natural apoptosis of cells, but specifically targeted the G1 phase of cancer cells. The mechanism of this effect differed from that of jujube extract alone. These findings are promising for further research on the benefits of tea consumption (109).






7 Conclusion

Jujube, as a food, medicine and fruit plant, is very popular in the world. This review summarizes the extraction and separation of the active ingredients of jujube, delineates their anti-cancer effects across various cancer types, and explores their functions in mitigating some adverse reactions associated with cancer treatment. By summarizing the previous literature, it is discovered that jujube can treat a variety of cancers, such as lung cancer, blood cancer, breast cancer, colorectal cancer, etc. The treatment process involves a variety of mechanisms, including promoting cell apoptosis, immune regulation, promoting autophagy, etc. While treating cancers, it also has a positive effect on some adverse reactions caused by chemotherapy, including inflammation, liver and kidney damage, fungal infection, anxiety, sleep disorders, etc. This illustrates that jujube consumption can mitigate cancer-related adverse effects and exert direct anti-cancer effects on cancer cells. The increasing recognition of the potent efficacy and minimal side effects of natural products as a novel source of antineoplastic drugs provides strong support. Further exploration of jujube’s anti-cancer effects will aid in expanding the search for anti-cancer agents to encompass everyday consumables and common dietary items.




8 Outlook

Currently, the medicinal application of jujube predominantly remains within traditional Chinese medicine, with limited use in Western medicine. With the rapid development of the pharmaceutical industry, a large number of new drug preparation methods, such as nanoparticle system, chitosan, microcapsules, and pellets, have been developed to rapidly and accurately deliver drugs to the disease site. However, there are limited studies on effectively integrating the active ingredients of jujube with these preparations to promote its clinical utilization. Moreover, research on the active constituents of jujube for cancer treatment is predominantly limited to animal and cell experiments, with rare reports on cancer regression in humans and patients following the administration of related preparations. Future investigations should focus on the chemical modification and structural transformation of compounds within jujube possessing anticancer properties to enhance their activity and generate targets that are more beneficial for patients with diverse cancer types.
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