Therapeutic Value of 6-Gingerol (1-[4’-hydroxy-3'-methoxyphenyl]-5-hydroxy-3-decanone): A review

ABSTRACT

Utilization of crude extracts separated from herbal medicine is getting more worthy and ideal, conceivably because of the expense of
production, accessibility, and availability and to bring down harmfulness as much as possible. Various researches have shown that the
regular use of particular soil products like fruits and vegetables can minimize the risk of a number of infections. Ginger is among the
most sound and regularly devoured dietary sauces on the planet. One of the major impactful components of ginger, 6-gingerol, is
suggested for the avoidance of malignancy and different maladies. As a spice and home grown medicine, the rhizome of Zingiber
officinale (ginger) is devoured worldwide. It contains sharp phenolic compounds known as gingerols aggregately. The main
pharmacologically-dynamic segment of ginger is 6-Gingerol. It is recognized to show a variety of organic actions including anti-
cancer, anti-inflammation, and anti-oxidation.

6-Gingerol has been found to have anticancer exercises by means of its impact on an assortment of natural pathways associated with
apoptosis, control of cell cycle, cytotoxic action, and restraint of angiogenesis. Consequently, because of its adequacy and control of
different targets, just as its security for human use, 6-gingerol has gotten impressive enthusiasm as an expected helpful operator for the
anticipation and additionally treatment of different maladies. Taken together, this review sums up the different in vitro and in vivo

pharmacological aspects of 6-gingerol and the underlying mechanisms.
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1. INTRODUCTION

Utilization of crude extracts separated from herbal medicine is getting more worthy and ideal, conceivably because of the expense of
production, accessibility, and availability and to bring down harmfulness as much as possible [1]. Wide assortment of phytochemicals
is identified to be able to meddle with various types of sicknesses. Consequently, chemoprevention of illnesses by phytochemicals has
become a prospering field of exploration over the previous decade [2]. The rhizome of Zingiber officinale (ginger), family
Zingiberaceae, is used worldwide as a spice and natural medication, and is grown in most tropical areas of the world [3]. Camphene,
B-phellandrene, curcumene, cineole, geranyl acetic acid derivation, terpineol, borneol, geraniol, limonene, B-elemene, zingiberol,
linalool, a-zingiberene, P-sesquiphellandrene, B-bisabolene, zingiberenol and o-Farnesene are volatile chemical constituents
incorporate in ginger rhizomes. The non-volatile and impactful phytochemicals comprising in ginger are gingerols, shogaols, paradols
and zingerone [4, 5].

Many populace based investigations recommended that individuals in South East Asian nations have a much lower danger of colon,
gastrointestinal, prostate, breast, and other cancers than their western partners, and it is accepted that the phenolic substances from
restorative plants, natural products, and vegetables in their eating regimen may assume a significant function in the protection [6].
Ginger contains sharp phenolic substances all in all known as gingerols. One of these, 6-gingerol (1-[4'- hydroxy-3'- methoxyphenyl]-
5-hydroxy-3-decanone), is the major pharmacologically-dynamic segment of ginger [7, 8], and the dynamic aspect of the molecule is

the aliphatic chain moiety containing a hydroxyl group [9].

6-gingerol is the significant phenolic bioactive part separated from rhizome of ginger (Zingiber officinale) which is answerable for
spicy taste of ginger. It has been revealed to show anti-proliferative effect against a wide scope of disease by repressing different

endurance pathways including NF-KB and -catenine [10]. Like capsaicin, it has additionally increased intracellular accumulation of



daunorubicin and rhodamine 123 by blocking the P-glycoprotein (p-gp) inhibition effect in multidrug-resistant human carcinoma KB-
C2 cells. It improved the poisonousness of vinblastine in KB-C2 cells through P-glycoprotein (p-gp) restraint [11]. Nonetheless, the
accessible reported data isn't adequate to clarify the mechanism of P-glycoprotein (p-gp) restraint by 6-gingerol.

6-Gingerol (Figure 1) has been accounted for to have an assortment of natural properties including anticancer, anti- oxidant, ant-
inflammation, anti-platelet aggregation and antifungal [12-14].The object of this review is to give an extensive knowledge into the
chemo preventive capability of 6-gingerol, including laboratory examines, epidemiological investigations, and even potential bearings

for future research.
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Fig. 1. The chemical structure of 6-gingerol (http://www.chemspider.com/Chemical-Structure.391126.html)
2.0 ANTICANCER EFFECT

On account of high demise rate related with cancer and high side effect of chemotherapy and radiation treatment, numerous patients
look for alternative strategies for therapy. Plants have been utilized for treating infections since days of ancient time. More than 50%
of current medications in clinical use are of plant source [15]. Ginger is esteemed for its spicy and therapeutic properties and it has

been utilized as medication from ancient period and is termed as"maha aushadh”, implies the promising medication. Currently the


http://www.chemspider.com/Chemical-Structure.391126.html

significance of ginger has been expanded as a result of its low poisonousness and its wide range of organic and pharmacological
applications [15-20]. The different phytochemical composition present in ginger 6-gingerol is the most strong and pharmacologically
active biomolecules and have anti-tumor and ant-proliferative properties. Because of this 6-gingerol is a target for anti-cancer drug
development. The result of Pharmacological studies showed that ginger and its major pungent phytochemical compositions like 6-
gingerol have chemo preventive and chemotherapeutic activities on many cancer cell lines and on animal models [21]. 6-Gingerol has
been researched in numerous human carcinomas, including leukemia, breast, colon, pancreatic, prostate, gastric and liver malignant

growths [22-25]. Nevertheless, the mechanisms by which it protects cancer are not surely known.

2.1 Apoptosis (Program Cell Death)

6-Gingerol is known to facilitate its anticancer properties by encouraging apoptosis [26]. It is recommended that apoptosis is
interceded by two pathways, namely the death receptor (extrinsic) and mitochondrial (intrinsic) pathways [27]. Various mechanisms
are associated with 6-gingerol incited apoptosis. Cyclin D1 is a proto-oncogene overexpressed in colorectal cancer, and may
contribute a vital role in B-catenin signaling. Nonetheless, non-steroidal anti-inflammatory drug (NSAID) - gene-1 (NAG-1) is a
cytokine with anti- tumorigenic properties [28, 29]. In gastric cells 6-gingerol encouraged TRAIL-incited apoptosis by expanding
TRAIL-induced caspase-3/7 initiation [30]. In the previous researches, the result revealed that 6-gingerol can initiate apoptosis via the
lysosomal-mitochondrial axis in human hepatoma G2 cells. Cathepsin D might be a positive facilitator of 6-gingerol induced apoptosis
in HepG2 cells, acting upstream of cytochrome ¢ discharge, and the apoptosis might be related with oxidative stress [31]. In the
investigation of Nigam et al., the mouse skin carcinogenesis model was utilized. Topical treatment with 6-gingerol (2.5 uM/animal)
was injected to the mouse 30 min earlier and post to benzo[a]pyrene (B[a]P) (5 pg/animal) for 8 months. It was seen that 6-gingerol
had apoptotic potential in mouse skin tumors. The mechanism might be related with the modulation of p53 and inclusion of the

mitochondrial signaling pathway [32].



2.2 Cytotoxic Activity and Inhibition of Angiogenesis

The cytotoxic effect of 6-gingerol is additionally identified with its anticancer capacities. Numerous investigations have detailed the
cytotoxic impacts of 6-gingerol on various cancer cells and animals. It was found to show dose-dependent blocking impacts on human
promyelocytic leukemia (HL-60) cell growth [33]. 6-Gingerol has revealed cytotoxic effect against huge lung carcinoma cell line
(COR-L23), cervical cancer cell line (Hela), and human hepatoma G2 cells [34]. Additionally, 6-gingerol is widely metabolized in
human lung cancer cells (H-1299), mouse lung cancer cells (CL-13), human colon cancer cells (HCT-116 and HT-29), and in mice.
The significant metabolites were known as 6-gingerdiols, which could encourage cytotoxicity in these cancer cells [35]. 6-Gingerol is
persuasive in forestalling carcinogenesis in numerous organs. A potential clarification for this outcome is that the compound may
hinder angiogenesis. Angiogenesis is the development of new blood vessels from the previous endothelium, which is the major one in
the physiological and pathological processes of tumor progression and metastasis [36]. In a past report, Eok-Cheon Kim et al. revealed
that 6-gingerol had an effect against angiogenecity in vitro and in vivo. It hindered the multiplication and tube formation of human
endothelial cells in retort of vascular endothelial growth factor in vitro [37].
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Fig. 2. Ginger hinders cancer progression, angiogenesis and metastasis [Ginger extract and 6-gingerol is reported to prevent the angiogenesis process by reducing
the secretion of VEGF [38, 39]. 6-gingerol also blocked VEGF- and bFGF-induced proliferation [40] hindered the pulmonary metastasis [41] by declining the
activities of MMP-2 or MMP-9. All these results cumulatively propose that 6-gingerolacts as a preventive agent for malignancy by selectively blocking
angiogenesis, adhesion, invasion, motility and production of MMPs at the tumor site [42]. Zerumbone, is also showed to down-regulate the expression of CXCR4

in the HER2-overexpressing breast cancer cells which concurrently caused preventing ofCXCL12-induced invasion of breast and pancreatic cancer cells [43].
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Fig.3. The projected pathway of 6-gingerol-induced autophagy in HUVECs. 6-gingerol can pledge an autophagic existence response
against apoptosis. 6-gingerol encourages the activation of Beclinl, and hinders the PI3K/AKT/mTOR signaling pathway to promote
autophagy. [44]
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Fig.4. Schematic diagram for 6-Gingerol (6-Gin) putative action mechanism. Under the condition of HG, endothelial cells produce a
lot of ROS in mitochondria, and ROS triggers IKK. Triggered IKK phosphorylates IRS-1 at serine 312. Phosphorylated IRS-1 hinders
the PIBK-AKT-eNOS-NO pathway and eventually results in the injury of endothelial cells. 6-Gingerol plays protective roles in the
injury of endothelial cells induced by HG by two means. One is by decreasing the ROS production and the other by activating the
PI3K-AKT- eNOS pathway[45].



3.0 ANTI-INFLAMMATORY EFFECT

Ginger is notable for its helpful use in inflammatory disorders [46], and 6-gingerol is one of the dynamic constituents accountable for
these properties. The cytokines tumor necrosis factor, TNF-a, and interleukin (IL)-1p are an indication of as alert cytokines to start
inflammatory cell enlistment by invigorating the expression of pro-inflammatory genes [47]. Besides, mitogen-activated protein
kinase phosphatase-5 (MKP5) has a valuable role in facilitating the anti-inflammatory activities. It was stated for that TNF-o and IL-
1B can upsurge p38-dependent nuclear factor kappa-p (NFkB) activation and expression of the pro-inflammatory genes
cyclooxygenase-2 (COX-2), IL-6 and IL-8 in normal prostatic epithelial cells. 6-Gingerol can up-regulate MKP5, and lessening
cytokine-induced p38-dependent pro-inflammatory changes [48].

4.0 ANTIOXIDANT EFFECT

Since 6-gingerol is a natural ant-oxidant, it is suggested for the avoidance of numerous illnesses. The anti-oxidant effect properties of
the phenolic compound might be identified with its capacity to give electrons and to go about as a free radical scavenger by the
development of a stable phenoxyl radical [49]. The pretreatment of 6-Gingerol is important for the protection of AB-induced
cytotoxicity and apoptotic cell demise. For the mechanism, 6-gingerol successfully diminished the level of reactive oxygen and
additionally nitrogen species and returned anti-oxidant glutathione levels. The mRNA and protein expression of antioxidant enzymes

such as y-glutamylcysteine ligase (GCL) and heme oxygenase-1 (HO-1) were up-regulated by 6-gingerol [50].

This recommended that 6-gingerol lessened Ap-induced oxidative cell demise fortifying the cellular antioxidant protective
mechanism. Kuhad et al. revealed that 6-gingerol could act against cisplatin-induced oxidative stress and renal dysfunctions in rats. As
a powerful antioxidant, meaningfully returned renal capacities, decreased lipid peroxidation and expanded the levels of glutathione
and role of superoxide dismutase and catalase [51]. Also, 6-gingerol can diminish peroxidation of phospholipid liposomes within the
sight of iron (I11) and ascorbate [52]. Park et al. discovered that ROS are delivered during the phenotypic change of fibroblasts to

myofibroblasts, a cycle that is engaged with the development of nasal polyps by prompting extracellular network (ECM)



accumulation. In another investigation, sodium arsenite (iAs) was utilized to incite stress mediated impaired insulin signaling in mice.
6-Gingerol decreased raised blood glucose level and oxidative stress by expanding the degree of super oxide dismutase (SOD),
catalase, glutathione peroxidase (GPx) and GSH [53]. Consequently, 6-gingerol may become a significant natural antioxidant food
additive.



Table. 1. The Medicinal Value of 6-Gingerol in Human and Animal Health

Country Findings/outcomes Substance | Study Type Article Diseases Ref
published Pharmacological ere
date Actions nee

Thailand | Significantly improved overall complete responseratein 6-Gingerol | Human Study | Mar 31, 2017 | Cancer Chemotherapeutic | 54

chemotherapy-induced nausea and vomiting.

China Attenuates ischemia-reperfusion-induced cell apoptosis in | 6-Gingerol | Human In Vitro | Dec 31, 2018 | Myocardial Anti-Apoptotic, 55

human AC16 cardiomyocytes. Ischemia Cardio protective

China Prevent and treat the angiopathy resulting from diabetes | 6-Gingerol | Human InVitro | Aug 31,2017 | Diabetic Anti-inflammatory | 56

mellitus. Complications

Nigeria Abates benzo[a]pyrene-induced colonic injury. 6-Gingerol | Animal study | Apr 17, 2019 | Colonic injury Anti-inflammatory | 57

China Alleviates inflammatory injury in DSS-induced ulcerative | 6-Gingerol | Animal study | Jul 13,2020 | Ulcerative Colitis Anti-inflammatory | 58

colitis.

China Ameliorates age-related hepatic steatosis 6-Gingerol | Animal study | Dec31,2018 | HepaticSteatosis Antioxidants, 59

Hepatoprotective

China Attenuates LPS-induced neuroinflammation and cognitive | 6-Gingerol | Animal invitro | Oct 31,2018 | Brain Anti-inflammatory | 60

impairment. inflammation

Nigeria Exerted protective influence against ulcerative colitis-induced | 6-Gingerol | Animal study | Dec31,2016 | Ulcerative Colitis Anti-inflammatory | 61

testicular damage.

Pakistan | Exerts anti-inflammatory effects and protective properties on | 6-Gingerol | Animal study | May 25,2020 | Mastitis Anti-inflammatory | 62

LTA-induced mastitis.

China A novel anti-inflammatory agent for the treatment of | 6-Gingerol | Animalstudy | Jul16,2019 Multiple Sclerosis | Anti-inflammatory | 63

autoimmune diseases such as multiple sclerosis.

China Induces cell-cycle Gl-phase arrest through AKT-GSK 3- | 6-Gingerol | Animal invitro | Dec 11, 2019 | Kidney cancer Anti-proliferative 64

cyclin D1 pathway in renal-cell carcinoma.

China A potential therapeutic agent for the treatment of | 6-Gingerol | Animal study | March30,2018 | Atherosclerosis Anti-atherogenic 65

atherosclerosis.

China Useful in the prevention and treatment of alzheimer's disease. | 6-Gingerol | Animal study | March 25,2015 | Alzheimer's Neuroprotective 66

Disease,

China Protects heart by suppressing myocardial 6-Gingerol | Animal study | Dec31,2017 | Myocardial Cardio protective 67

ischemia/reperfusion induced inflammation. Ischemia

China Asthma-alleviating potential of 6-gingerol. 6-Gingerol | Animal study | Dec31,2018 | Asthma Anti-asthmatic 68




India Exhibits potent anti-mycobacterial and immunomodulatory | 6-Gingerol | Invitro study Jull7,2020 Tuberculosis Immunomodulatory | 69
activity against tuberculosis.

Korea Potential use in treating inflammatory bone destruction | 6-Gingerol | Invitro study Jul15,2018 Inflammation Anti-inflammatory | 70
associated with excessive prostaglandin E2 production.

Korea Normalizes the expression of biomarkers related to | 6-Gingerol | Invitro study Dec31,2017 | Hypertension Antihypertensive 71
hypertension.

China 6-Gingerol with 5-flourouracil and paclitaxel resulted in | 6-Gingerol | Invitro study Feb26, 2017 | Cervical cancer Chemotherapeutic | 72
83.2% and 52% inhibition of cervical cancer cells.

China Exerts protective effects against ischemia reperfusion | 6-Gingerol | Animal study | Feb03, 2017 | Ischemia Anti-oxidant 73
induced intestinal mucosa injury.

China Protects cardiocytes H9c2 against hypoxia-induced injury by | 6-Gingerol | Invitro study Nov30,2019 | Hypoxia Autophagy 74
suppressing BNIP3 expression.

China Ameliorates isoproterenol -induced myocardial fibrosis. 6-Gingerol | Invitro study Jun30, 2020 | Myocardial fibrosis | Anti-Fibrotic, 75

China Ameliorates sepsis-induced liver injury through the Nrf2 | 6-Gingerol | Invitro study Jan20, 2020 | Sepsis Hepatoprotective 76
pathway.

India Appears to be a safe and potent chemotherapeutic/chemo | 6-Gingerol | Invitro study Jan06, 2016 | Cervical cancer Chemopreventive 77
preventive compound. JAN 06, 2016

India Effectively used for targeting the mitochondrial energy | 6-Gingerol | Invitro study Aug07,2018 | Gastric cancer Anti- proliferative, | 78
metabolism to manage gastric cancer cells.

India Modulate the anti-inflammatory responses triggered by V. | 6-Gingerol | Invitro study Mar17,2016 | Cholera Anti-inflammatory 79
cholera-induced infection.

China Enhances the cisplatin sensitivity of gastric cancer cells. 6-Gingerol | Invitro study Feb26, 2019 | Gastric cancer Chemotherapeutic | 80

China Enhances the radio sensitivity of gastric cancer cells. 6-Gingerol | Invitro study Apr30,2018 | Gastric cancer Apoptotic, 81

Radiosensitizer

Nigeria Protective effects on chlorpyrifos induced toxicity in the | 6-Gingerol | Animal study | May24,2017 | Pesticide Toxicity | Neuroprotective 82
brain and reproductive organs of rats.

China Showed efficacy in the treatment of DSS-induced ulcerative | 6-Gingerol | Animal study | Mar31,2020 | Ulcerative Colitis | Anti-inflammatory 83
colitis.

Nigeria Ameliorates carbendazim-induced endocrine disruption. 6-Gingerol | Animal study | Aug21,2016 | Endocrine Endocrine Disrupting | 84

imbalances

Chemicals (EDCs)




5.0 CONCLUSION

Utilization of regular treatments, for example, phytochemical constituents, isolated from herbal medicine, to combat different kindes
of diseases has pulled in the consideration of the scientific and medical communities because of their minimal side effects and lower
cost. In this specific situation, 6-gingerol, a flavonoid anti-oxidant and the promising constituent of ginger, has been perceived and
utilized as an elective medication in treating various diseases, alone or in blend with other chemotherapeutic medications. It shows
significant anti-oxidant not only this but also it has anti-inflammatory activities that could be utilized in forestalling and treating
diseases. Ginger is among the most sound and regularly devoured dietary sauces on the planet. One of the major impactful
components of ginger, 6-gingerol, is suggested for the avoidance of malignancy and different maladies.

Past work, summed up above has exhibited numerous systems engaged with the effect of 6-gingerol. Nonetheless, a large portion of
the investigations with this compound have been made in vitro and with laboratory animals. In this way, additional investigations on
determining the effect of 6-gingerol ought to embrace human intervention trails. Nevertheless, further mechanistic work is needed to
explain the molecular mechanism underlying the impacts of 6-gingerol on gene expression, the signaling pathway, and efficacious
protein included. In general, 6-gingerol can be a significant complementary medication for protection and therapy of various types of
disease, attributable to its natural origin, safety, and its cost effectiveness relative to synthetic drugs. And also 6-gingerol could along
these lines give a valuable part of dietary or pharmacological treatment for additional drug formulation to create novel and powerful

clinical competitors.



DISCLAIMER

The products used for this research are commonly and predominantly use products in our area of research and country. There is
absolutely no conflict of interest between the authors and producers because we do not intend to use these products as an avenue for
any litigation but for the advancement of knowledge. Also the research was not funded by the producing company rather it was funded
by personal efforts of the authors.

CONSENT

It is not applicable

ETHICAL APPROVAL

It is not applicable

REFERENCES
1. Yehya, A. H., Asif, M., Tan, Y. J., Sasidharan, S., Majid, A. M. A., & Oon, C. E. (2017). Broad spectrum targeting of tumor
vasculature by medicinal plants: An updated review. Journal of Herbal Medicine, 9, 1-13.

2. Lee HS, Seo EY, Kang NE, Kim WK. (2008) 6-Gingerol inhibits metastasis of MDA-MB-231 human breast cancer cells. Journal of
Nutritional Biochemistry, 19, 313-319.

[3] Seran TH. (2013) In vitro propagation of ginger (Zingiber officinale Rosc.) through direct organogenesis: a review. Pakistan
Journal of Biological Sciences, 16, 1826-1835.

[4] Govindarajan VS. (1982) Ginger: Chemistry, technology, and quality evaluation: Part 1. Critical Reviews in Food Science and
Nutrition, 17, 1-96.

[5] Govindarajan VS. (1982) Ginger: Chemistry, technology, and quality evaluation: Part 2. Critical Reviews in Food Science and
Nutrition, 17, 189-258.

[6] Dorai T, Aggarwal BB. (2004) Role of chemopreventive agents in cancer therapy. Cancer Letters, 215, 129-140.

[7] Bode AM, Ma WY, Surh YJ, Dong Z. (2001) Inhibition of epidermal growth factor-induced cell transformation and activator
protein 1 activation by 6-gingerol. Cancer Research, 61, 850-853.

[8] Surh YJ. (2003) Cancer chemoprevention with dietary phytochemicals. Nature Reviews Cancer, 3, 768-780.



[9] Yang G, Zhong L, Jiang L, Geng C, Cao J, Sun X, Ma Y. (2010) Genotoxic effect of 6-gingerol on human hepatoma G2 cells.
Chemico-biological Interactions, 185, 12-17.
[10] Nabekura T (2010a). Overcoming multidrug resistance in human cancer cells by natural compounds. Toxins (Basel), 2, 1207-24.

[11] NabekuraT, Kamiyama S, Kitagawa S, (2005). Effects of dietary chemopreventive phytochemicals on P-glycoprotein function.
Biochem Biophys Res Commun, 327, 866-70.

[12] Wei QY, Ma JP, Cai YJ, Yang L, Liu ZL. (2005) Cytotoxic and apoptotic activities of diarylheptanoids and gingerol-related
compounds from the rhizome of Chinese ginger. Journal of Ethnopharmacology, 102, 177-184.

[13] Tjendraputra E, Tran VH, Liu-Brennan D, Roufogalis BD, Duke CC. (2001) Effect of ginger constituents and synthetic analogues
on cyclooxygenase-2 enzyme in intact cells. Bioorganic Chemistry, 29, 156-163.

[14] Ficker C, Smith ML, Akpagana K, Gbeassor M, Zhang J, Durst T, Assabgui R, Arnason JT. (2003) Bioassay-guided isolation and
identification of antifungal compounds from ginger. Phytotherapy Research, 17, 897-902.

[15] Sekiwa Y, Kubota K, Kobayashi A (2000) Isolation of novel glucosides related to gingerdiol from ginger and their antioxidative
activities. J Agric Food Chem 48: 373-377.

[16] Shukla Y, Singh M (2007) Cancer preventive properties of ginger. A brief review. Food Chem Toxicol 45: 683-690.

[17] Wei QY, Ma JP, Cai YJ, Yang L, Liu ZL (2005) Cytotoxic and apoptotic activities of diarylheptanoids and gingerol-related
compounds from the rhizome of Chinese ginger. J Ethnopharmacol 102: 177-184.

[18] Young HY, Luo YL, Cheng HY, Hsieh WC, Liao JC (2005) Analgesic and anti-inflammatory activities of [6]-gingerol. J
Ethnopharmacol 96: 207-210.

[19] Mishra RK, Kumar A, Kumar A (2012) Pharmacological Activity of Zingiber Officinale. Int J Pharma Chem Sci 1: 1073.

[20] Rahmani AH, Shabrmi FMA, Aly SM (2014) Active ingredients of ginger as potential candidates in the prevention and treatment
of diseases via modulation of biological activities. Int J Physiol Pathophysiol Pharmacol 6: 125-136.

[21] Brooks BR, Brooks CL, Nisson L, Petrella RJ, Roux B, et al. (2009) CHARMM: the biomolecular simulation program. J Comput
Chem 30:1545-614.

[22] Lee SH, Cekanova M, Baek SJ. (2008) Multiple mechanisms are involved in 6-gingerol-induced cell growth arrest and apoptosis
in human colorectal cancer cells. Molecular Carcinogenesis, 47, 197-208.

[23] Rhode J, Fogoros S, Zick S, Wahl H, Griffith KA, Huang J, Liu JR. (2007) Ginger inhibits cell growth and modulates angiogenic
factors in ovarian cancer cells. BMC Complementary and Alternative Medicine, 20, 7-44.



[24] Mansingh, D.P.; Sunanda, O.J.; Sali, V.K.; Vasanthi, H.R. [6]-Gingerol-induced Cell Cycle Arrest, ReactiveOxygen Species
Generation, and Disruption of Mitochondrial Membrane Potential Are Associated withApoptosis in Human Gastric Cancer (AGS)
Cells. J. Biochem. Mol. Toxicol. 2018, 32.

[25] Chen, C.Y.; Li, Y.W.; Kuo, S.Y. E_ect of [10]-Gingerol on [Ca2+]i and Cell Death in Human Colorectal Cancer Cells. Molecules
2009, 14.

[26] Nigam N, George J, Srivastava S, Roy P, Bhui K, Singh M, Shukla Y. (2010) Induction of apoptosis by 6-gingerol associated
with the modulation of p53 and involvement of mitochondrial signaling pathway in B[a]P induced mouse skin tumorigenesis. Cancer
Chemotherapy and Pharmacology, 65, 687-696.

[27] Pan MH, Hsieh MC, Kuo JM, Lai CS, Wu H, Sang S, Ho CT. (2008) 6-Shogaol induces apoptosis in human colorectal carcinoma
cells via ROS production, caspase activation, and GADD 153 expression. Molecular Nutrition &Food Research, 52, 527-537.

[28] Ashkenazi A, Pai RC, Fong S, Leung S, Lawrence DA, Marsters SA, Blackie C, Chang L, McMurtrey AE, Hebert A, DeForge L,
Koumenis IL, Lewis D, Harris L, Bussiere J, Baliga MS, Haniadka R, Pereira MM, D'Souza JJ, Pallaty PL, Bhat HP, Popuri S. (2011)
Update on the chemopreventive effects of ginger and its phytochemicals. Critical Reviews in Food Science and Nutrition, 51, 499-
523.

[29] Takeda K, Smyth MJ, Cretney E, Hayakawa Y, Kayagaki N, Yagita H, Okumura K. (2002) Critical role for tumor necrosis
factor-related apoptosisinducing ligand in immune surveillance against tumor development. Journal of Experimental Medicine, 195,
161-1609.

[30] Ishiguro K, Ando T, Maeda O, Ohmiya N, Niwa Y, Kadomatsu K, Goto H. (2007) Ginger ingredients reduce viability of gastric
cancer cells via distinct mechanisms. Biochemical and Biophysical Research Communications, 362, 218-223.

[31] Yang G, Wang S, Zhong L, Dong X, Zhang W, Jiang L, Geng C, Sun X, Liu X, Chen M, Ma Y. (2012) 6-Gingerol induces
apoptosis through lysosomal-mitochondrial axis in human hepatoma G2 cells. Phytotherapy Research, 26, 1667-1673.

[32] Nigam N, George J, Srivastava S, Roy P, Bhui K, Singh M, Shukla Y. (2010) Induction of apoptosis by 6-gingerol associated
with the modulation of p53 and involvement of mitochondrial signaling pathway in B[a]P-induced mouse skin tumorigenesis. Cancer
Chemotherapy and Pharmacology, 65, 687-96.

[33] Wang CC, Chen LG, Lee LT, Yang LL. (2003) Effects of 6-gingerol, an antioxidant from ginger, on inducing apoptosis in human
leukemic HL-60 cells. In vivo, 17, 641-645.



[34] Ruangnoo S1, Itharat A, Sakpakdeejaroen I, Rattarom R, Tappayutpijam P, Pawa KK. (2012) In vitro cytotoxic activity of
Benjakul herbal preparation and its active compounds against human lung, cervical and liver cancer cells. Journal of the Medical
Association of Thailand, 95, S127-34.

[35] Lv L, Chen H, Soroka D, Chen X, Leung T, Sang S. (2012) 6-Gingerdiols as the major metabolites of 6-gingerol in cancer cells
and in mice and their cytotoxic effects on human cancer cells. Journal of Agricultural and Food Chemistry, 60, 11372-11377.

[36] Hanahan D, Folkman J. (1996) Patterns and emerging mechanisms of the angiogenic switch during tumorigenesis. Cell, 86, 353-
364.

[37] Kim EC, Min JK, Kim TY, Lee SJ, Yang, HO, Han S, Kim YM, Kwon YG. (2005) 6-Gingerol, a pungent ingredient of ginger
inhibits angiogenesis in vitro and in vivo. Biochemical and Biophysical Research Communications, 335, 300-308.

[38]Rhode, J., Fogoros, S., Zick, S., Wahl, H., Griffith, K.A., Huang, J., and Liu, J.R. (2007). Ginger inhibits cell growth and
modulates angiogenic factors in ovarian cancer cells. BMC Compl Altern Med. 7: 44.

[39]Brown, A.C., Shah, C., Liu, J., Pham, J.T., Zhang, J,G., and Jadus,M.R. (2008). Ginger’s (Zingiber officinale Roscoe) inhibition
of rat colonic adenocarcinoma cells proliferation and angiogenesis in vitro. Phytother Res. 23: 640- 645.

[40]Kim, E.C., Min, J.K., Kim, T.Y., Lee, S.J,, Yang, H.O., Han, S., Kim, Y.M., and Kwon, Y.G. (2005a). [6]-Gingerol, a pungent
ingredient of ginger, inhibits angiogenesis in vitro and in vivo. Biochem Biophys Res Commun. 335: 300— 308.

[41]Suzuki, F., Kobayashi, M., Komatsu, Y., Kato, A., and Pollard, R.B. (1997). Keishi-ka-kei-to, a traditional Chinese herbal
medicine, inhibits pulmonary metastasis of B16 melanoma. Anticancer Res. 17: 873-878.

[42 JLee, H.S., Seo E.Y., Kang N.E., and Kim W.K. (2008a). [6]-Gingerol inhibits metastasis of MDA-MB-231 human breast cancer
cells. J Nutr Biochem. 19: 313-3109.

[43]Sung, B., Jhurani, S., Ahn, K.S., Mastuo, Y., Yi, T., Guha, S., Liu, M., and Aggarwal, B.B. (2008). Zerumbone down-regulates
chemokine receptor CXCR4expression leading to inhibition of CXCL12-induced invasion of breast and pancreatic tumor cells.

Cancer Res. 68: 8938-8944.
[44 lWang, S., Sun, X., Jiang, L., Liu, X., Chen, M., Yao, X., Sun, Q. and Yang, G., 2016. 6-Gingerol induces autophagy to protect HUVECs
survival from apoptosis. Chemico-biological interactions, 256, pp.249-256. [83]

[45] Liu, D., Wu, M., Lu, Y., Xian, T., Wang, Y., Huang, B., Zeng, G. and Huang, Q., 2017. Protective effects of 6-Gingerol on vascular endothelial
cell injury induced by high glucose via activation of PI3K-AKT-eNOS pathway in human umbilical vein endothelial cells. Biomedicine &
pharmacotherapy, 93, pp.788-795. [84]

[46] Grzanna R, Lindmark L, Frondoza CG. (2005) Ginger-an herbal medicinal product with broad anti-inflammatory actions.
Journal of Medicinal Food, 8, 125-132.



[47] Apte RN, Voronov E. (2002) Interleukin-1-a major pleiotropic cytokine in tumor-host interactions. Seminars in Cancer Biology,
12, 277-290.

[48] Nonn L, Duong D, Peehl DM.(2007) Chemopreventive anti-inflammatory activities of curcumin and other phytochemicals
mediated by MAP kinase phosphatase-5 in prostate cells. Carcinogenesis, 28, 1188-1196.

[49] Croft KD. (1999) Antioxidant effects of plant phenolic compounds. In Antioxidants in Human Health and Disease. Basu TK,
Temple NJ, Garg ML. (Eds). CABI Publishing, New York, 109-121.

[50] Lee C, Park GH, Kim CY, Jang JH. (2011) 6-Gingerol attenuates 3-amyloid-induced oxidative cell death via fortifying cellular
antioxidant defense system. Food and Chemical Toxicology, 49, 1261-1269.

[51] Kuhad A, Tirkey N, Pilkhwal S, Chopra K. (2006) 6-Gingerol prevents cisplatin-induced acute renal failure in rats. Biofactors,
26, 189-200.

[52] Aeschbach R, Loliger J, Scott BC, Murcia A, Butler J, Halliwell B, Aruoma Ol. (1994) Antioxidant actions of thymol, carvacrol,
6-gingerol, zingerone and hydroxytyrosol. Food and Chemical Toxicology, 32, 31-36.

[53] Chakraborty D, Mukherjee A, Sikdar S, PaulA, Ghosh S, Khuda-Bukhsh AR. (2012) 6-Gingerol isolated from ginger attenuates
sodium arsenite induced oxidative stress and plays a corrective role in improving insulin signaling in mice. Toxicology Letters, 210,
34-43.

[54] Konmun, J., Danwilai, K., Ngamphaiboon, N., Sripanidkulchai, B., Sookprasert, A. and Subongkot, S., 2017. A phase 1l
randomized double-blind placebo-controlled study of 6-gingerol as an anti-emetic in solid tumor patients receiving moderately to
highly emetogenic chemotherapy. Medical Oncology, 34(4), pp.1-10.

[55] Zhang, W., Liu, X., Jiang, Y., Wang, N., Li, F. and Xin, H., 2019. 6-Gingerol attenuates ischemia-reperfusion-induced cell
apoptosis in human AC16 cardiomyocytes through HMGB2-JNK1/2-NF-«kB pathway. Evidence-Based Complementary and
Alternative Medicine, 2019.

[56] Liu, D., Wu, M., Lu, Y., Xian, T., Wang, Y., Huang, B., Zeng, G. and Huang, Q., 2017. Protective effects of 6-Gingerol on
vascular endothelial cell injury induced by high glucose via activation of PI3BK-AKT-eNOS pathway in human umbilical vein
endothelial cells. Biomedicine & pharmacotherapy, 93, pp.788-795.

[57] Ajayi, B.O., Adedara, I.A. and Farombi, E.O., 2019. 6-Gingerol abates benzo [a] pyrene-induced colonic injury via suppression
of oxido-inflammatory stress responses in BALB/c mice. Chemico-biological interactions, 307, pp.1-7.



[58] Sheng, Y., Wu, T., Dai, Y., Xu, L., Zhong, Y., Xue, Y. and Tian, Y., 2020. 6-gingerol alleviates inflammatory injury in DSS-
induced ulcerative colitis mice by regulating NF-kB signaling. Annals of Palliative Medicine, 9(4), pp.1944-1952.

[59] Li, J., Wang, S., Yao, L., Ma, P., Chen, Z.,, Han, T.L., Yuan, C., Zhang, J., Jiang, L., Liu, L. and Ke, D., 2019. 6-gingerol
ameliorates age-related hepatic steatosis: Association with regulating lipogenesis, fatty acid oxidation, oxidative stress and
mitochondrial dysfunction. Toxicology and applied Pharmacology, 362, pp.125-135.

[60] zhang, F., Zhang, J.G., Yang, W., Xu, P., Xiao, Y.L. and Zhang, H.T., 2018. 6-Gingerol attenuates LPS-induced
neuroinflammation and cognitive impairment partially via suppressing astrocyte overactivation. Biomedicine &
Pharmacotherapy, 107, pp.1523-1529.

[61] Farombi, E.O., Adedara, I.A., Ajayi, B.O., Idowu, T.E., Eriomala, O.O. and Akinbote, F.O., 2018. 6-Gingerol improves testicular
function in mice model of chronic ulcerative colitis. Human & experimental toxicology, 37(4), pp.358-372.

[62] zZahoor, A., Yang, C., Yang, Y., Guo, Y., Zhang, T., Jiang, K., Guo, S. and Deng, G., 2020. 6-Gingerol exerts anti-inflammatory
effects and protective properties on LTA-induced mastitis. Phytomedicine, 76, p.153248.

[63] Han, J.J., Li, X., Ye, Z.Q., Lu, X.Y., Yang, T., Tian, J., Wang, Y.Q., Zhu, L., Wang, Z.Z. and Zhang, Y., 2019. Treatment with
6-Gingerol Regulates Dendritic  Cell Activity and Ameliorates the Severity of Experimental Autoimmune
Encephalomyelitis. Molecular nutrition & food research, 63(18), p.1801356.

[64] Xu, S., Zhang, H., Liu, T., Yang, W., Lv, W., He, D., Guo, P. and Li, L., 2020. 6-Gingerol induces cell-cycle G1-phase arrest
through AKT-GSK 3p-cyclin D1 pathway in renal-cell carcinoma. Cancer chemotherapy and pharmacology, 85(2), pp.379-390.

[65] Wang, S., Tian, M., Yang, R., Jing, Y., Chen, W., Wang, J., Zheng, X. and Wang, F., 2018. 6-gingerol ameliorates behavioral
changes and atherosclerotic lesions in ApoE—/— mice exposed to chronic mild stress. Cardiovascular Toxicology, 18(5), pp.420-430.

[66] Zeng, G.F., Zong, S.H., Zhang, Z.Y., Fu, SW., Li, K.K,, Fang, Y., Lu, L. and Xiao, D.Q., 2015. The Role of 6-gingerol on
inhibiting amyloid B protein-induced apoptosis in PC12 Cells. Rejuvenation research, 18(5), pp.413-421.



[67] Xu, T., Qin, G., Jiang, W., Zhao, Y., Xu, Y. and Lv, X., 2018. 6-Gingerol protects heart by suppressing myocardial
ischemia/reperfusion induced inflammation via the PI3K/Akt-dependent mechanism in rats. Evidence-Based Complementary and
Alternative Medicine, 2018.

[68] Li, Z., Liu, Z., Uddandrao, V.S., Ponnusamy, P., Balakrishnan, S., Brahmanaidu, P., Vadivukkarasi, S. and Ganapathy, S., 2019.
Asthma-alleviating potential of 6-gingerol: effect on cytokines, related mMRNA and c-Myc, and NFAT1 expression in ovalbumin-
sensitized asthma in rats. Journal of Environmental Pathology, Toxicology and Oncology, 38(1).

[69] Bhaskar, A., Kumari, A., Singh, M., Kumar, S., Kumar, S., Dabla, A., Chaturvedi, S., Yadav, V., Chattopadhyay, D. and
Dwivedi, V.P.,, 2020. [6]-Gingerol exhibits potent anti-mycobacterial and immunomodulatory activity against
tuberculosis. International Immunopharmacology, 87, p.106809.

[70] Hwang, Y.H., Kim, T., Kim, R. and Ha, H., 2018. The natural product 6-gingerol inhibits inflammation-associated osteoclast
differentiation via reduction of prostaglandin E2 levels. International Journal of Molecular Sciences, 19(7), p.2068.

[71] Lee, Y.J., Jang, Y.N., Han, Y.M., Kim, H.M. and Seo, H.S., 2018. 6-Gingerol normalizes the expression of biomarkers related to
hypertension via PPARS in HUVECs, HEK293, and differentiated 3T3-L1 cells. PPAR research, 2018.

[72] Zhang, F., Zhang, J.G., Qu, J., Zhang, Q., Prasad, C. and Wei, Z.J., 2017. Assessment of anti-cancerous potential of 6-gingerol
(Tongling White Ginger) and its synergy with drugs on human cervical adenocarcinoma cells. Food and chemical toxicology, 109,
pp.910-922.

[73] Li, Y., Xu, B., Xu, M., Chen, D., Xiong, Y., Lian, M., Sun, Y., Tang, Z., Wang, L., Jiang, C. and Lin, Y., 2017. 6-Gingerol
protects intestinal barrier from ischemia/reperfusion-induced damage via inhibition of p38 MAPK to NF-«xB
signalling. Pharmacological research, 119, pp.137-148.

[74] Ren, Q., Zhao, S. and Ren, C., 2019. 6-Gingerol protects cardiocytes H9c2 against hypoxia-induced injury by suppressing BNIP3
expression. Artificial cells, nanomedicine, and biotechnology, 47(1), pp.2016-2023.

[75] Han, X., Liu, P., Liu, M., Wei, Z., Fan, S., Wang, X., Sun, S. and Chu, L., 2020. [6]-Gingerol Ameliorates ISO-Induced
Myocardial Fibrosis by Reducing Oxidative Stress, Inflammation, and Apoptosis through Inhibition of TLR4/MAPKSs/NF-«kB
Pathway. Molecular Nutrition & Food Research, 64(13), p.2000003.



[76] Hong, M.K., Hu, L.L., Zhang, Y.X., Xu, Y.L., Liu, X.Y., He, P.K. and Jia, Y.H., 2020. 6-Gingerol ameliorates sepsis-induced
liver injury through the Nrf2 pathway. International immunopharmacology, 80, p.106196.

[77] Kapoor, V., Aggarwal, S. and Das, S.N., 2016. 6-Gingerol mediates its anti tumor activities in human oral and cervical cancer
cell lines through apoptosis and cell cycle arrest. Phytotherapy research, 30(4), pp.588-595.

[78] Mansingh, D.P., OJ, S., Sali, V.K. and Vasanthi, H.R., 2018. [6]-Gingerol-induced cell cycle arrest, reactive oxygen species
generation, and disruption of mitochondrial membrane potential are associated with apoptosis in human gastric cancer (AGS)
cells. Journal of biochemical and molecular toxicology, 32(10), p.e22206.

[79] Saha, P., Katarkar, A., Das, B., Bhattacharyya, A. and Chaudhuri, K., 2016. 6-gingerol inhibits Vibrio cholerae-induced
proinflammatory cytokines in intestinal epithelial cells via modulation of NF-kB. Pharmaceutical biology, 54(9), pp.1606-1615.

[80] Luo, Y., Zha, L., Luo, L., Chen, X., Zhang, Q., Gao, C., Zhuang, X., Yuan, S. and Qiao, T., 2019. [6]-Gingerol enhances the
cisplatin sensitivity of gastric cancer cells through inhibition of proliferation and invasion via Pl 3 K/AKT signaling
pathway. Phytotherapy Research, 33(5), pp.1353-1362.

[81] Luo, Y., Chen, X., Luo, L., Zhang, Q., Gao, C., Zhuang, X., Yuan, S. and Qiao, T., 2018. [6]-Gingerol enhances the
radiosensitivity of gastric cancer via G2/M phase arrest and apoptosis induction. Oncology reports, 39(5), pp.2252-2260.

[82] Abolaji, A.O., Ojo, M., Afolabi, T.T., Arowoogun, M.D., Nwawolor, D. and Farombi, E.O., 2017. Protective properties of 6-
gingerol-rich fraction from Zingiber officinale (Ginger) on chlorpyrifos-induced oxidative damage and inflammation in the brain,
ovary and uterus of rats. Chemico-biological interactions, 270, pp.15-23.

[83] Sheng, Y., Wu, T., Dai, Y., Ji, K., Zhong, Y. and Xue, Y., 2020. The effect of 6-gingerol on inflammatory response and
Th17/Treg balance in DSS-induced ulcerative colitis mice. Annals of translational medicine, 8(7).

[84] Salihu, M., Ajayi, B.O., Adedara, I.A., de Souza, D., Rocha, J.B.T. and Farombi, E.O., 2017. 6-Gingerol-rich fraction from
Zingiber officinale ameliorates carbendazim-induced endocrine disruption and toxicity in testes and epididymis of
rats. Andrologia, 49(5), p.e12658.






