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Abstract

Ginger is the oldest medical herb due to its therapeutic and prophylactic activities. These 
properties are associated with the presence of the gingerol and shogaol. The literature pertaining to 
current review article has been mainly emphasized on the therapeutic potential of ginger along with 
active bio-ingredients against cancer insurgence, diabetic &oxidative stress complications, obesity and 
cardiovascular discrepancies. It prevents from cancer insurgence through restraining the cancer stages 
such as initial, promotion and progression. Particularly, it also suppresses the lipid per-oxidation, nitric 
oxide synthetase activity, epidermal growth factor (EGF) receptor, protein kinase c, enzyme activity, 
survival signaling (NIK, IKK, and AKT), NF-κB activity, and cell cycle regulation. The current review article 
discusses the role of gingerol bioactive component against different type of cancers and its allied health 
perspectives.
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Introduction

Ginger (Zingiber officinale Roscoe) has been used as delicacy, medicine, and in variety of 
food from many years [1]. It is traditional oriental herbal medicine and promotes numerous 
health endorsing effects due to the presence of bioactive compounds.  It is also used to enhance 
the flavor of the vegetables during cooking [2]. Ginger is a promising source of bioactive 
moieties i.e. gingerols, shogaols, parasols, and zingerone and used to curtail various diseases 
including cancer, oxidative stress, diabetes, obesity, overweight, microbial contamination and 
aging etc. [3].  Regarding photochemistry of oils of ginger, they include volatiles and non-
volatiles as sesquiterpene, monoterpenoid and gingerols, shogaols, parasols, and zingerone, 
respectively. A group of researchers Schweiggert et al. [4] & Hu et al.[5] quantified the 
oleoresin and its major components have been recognized as [6]-, [8]-, and [10]-shogaols 
and [4]-,[6]-, [8]-, [10]-, and [12]-gingerols by high performance liquid chromatography mass 
spectrometry [4,5]. Baliga et al. [6] also reported the biological and pharmacological activities 
of ginger bioactive compounds such as gingerols and shogaols have varying alkyl side chain 
lengths [6]. During thermal treatment, gingerols are labile due to the presence of b-hydroxy 
keto moiety and further dehydrated to shogaols. Both compounds have an unbranched alkyl 
chain of six carbon atoms and similar in structure [7].

Antioxidant status

The ethanolic extracts of gingerol were more effective than aqueous extracts and showed 
higher free radical scavenging activities and chelating abilities. It also inhibited the production 
of superoxide in human promyelocytic leukemia (HL-60) cells due to the presence of hydroxyl 
group in its structure [8]. [6]-Gingerol also suppressed peroxynitrite-induced oxidative single-
strand DNA breaks and protein nitrosylation.  The antioxidant potential of gingerol is affected 
by multiple factors such as concentration, localization, and mobility [9].  The previous findings 
of Masuda et al. [10] reported that gingerol also suppressed the phospholipid peroxidation 
induced by the FeCl3-ascorbate system and also exhibited the inhibitory effect on xanthine 
oxidase system which are linked with the production of ROS. Likewise, gingerol (0.5-10µM) 
also inhibited the formation of thromboxane B2 and prostaglandin D2 and arachidonic acid 
induced platelet aggregation in dose dependent manner [11]. Similarly, Shobana & Naidu 
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[12] reported that water and alcoholic extracts of ginger possessed 
potent antioxidant activity and prevented from lipid peroxidation. 
Furthermore, gingerol also suppresses the reactive oxygen species 
(ROS) and protected from DNA damage that associated with 
coronary heart disease, and carcinogenesis.

Oxidative stress

It is the imbalance between production of free radicals and 
antioxidants. Different doses of gingerol at the rate of 20, 200, 
and 75 mg/kg lowered the malondialdehyde, and enhanced the 
antioxidant enzymes such as glutathione peroxidase, and catalase 
[13]. 6-gingerol has effective role against mercuric chloride-
induced  oxidative stress  in male male sprague-dawley rats. The 
supplementation of gingerol  (50mg/kg) prevented from the 
enhancement in level of lipid peroxides, creatinine, alkaline 
phosphatase, urea, uric acid, lactate dehydrogenase, transaminases, 
and decline in concentrations of antioxidant enzymes catalase, 
superoxide dismutase, glutathione peroxidase, glutathione 
reductase, and glutathione-S-transferase [14]. Multiple mechanisms 
are involved by gingerol against oxidative stress such as (i) 
reduction in levels of malondialdehyde, (ii) tumor necrosis factor-α, 
(iii) nitric oxide, (iv) apoptotic (caspase-3) markers as well as also 
improvement in concentrations of catalase, glutathione peroxidase, 
superoxide dismutase, and glutathione S-transferase as well as 
glutathione  level in the brain of rat [15]. The oral supplementation 
of gingerol at the rate of 50, 100 and 200 mg/kg markedly protected 
from CBZ-mediated enhancement in the organo-somatic index of 
the testes and seminiferous tubular diameter in the rats. Likewise, 
6-gingerol ameliorated CBZ-induced disruption in the epithelium 
height as well as in the proportion of tubule and interstitial of the 
epididymis the treated rats. Furthermore, 6-gingerol prevented 
CBZ-mediated increase in testicular acid phosphatase activity and 
the decrease in testicular alkaline phosphatase, aminotransferases, 
glucose-6-phosphate dehydrogenase and lactate dehydrogenase 
activities. Moreover, 6-gingerol ameliorated CBZ-induced reduction 
in the testicular and epididymal sperm count and sperm motility 
in the treated rats [16]. Gingerol in gentamicin-induced renal 
cortical  oxidative stress  in adult male albino rats significantly 
decreased the renal function tests, tubular dilatation with marked 
vacuolar degeneration and desquamation of cells, interstitial 
hemorrhage and cellular infiltration [17]. Furthermore, gingerol has 
been found effectual agent against oxidative stress complications 
in the livers and kidneys of rats through increasing the levels 
of catalase, superoxide dismutase, glutathione S-transferase, 
glutathione peroxidase as well as glutathione. It also significantly 
prevented from the elevation in malondialdehyde and hydrogen 
peroxide (H2O2) livers and kidneys as well as also protected from 
the increment in hepatic dysfunction and plasma indices of renal 
[16].

Anti-obesity role

Obesity is associated with high accumulation of fat in the body 
and an imbalance between energy intake and expenditure. It is 
also characterized by altered lipid metabolic processes, including 

lipogenesis and lipolysis. There are many anti-obesity drugs which 
have adverse effects on the body along with reducing body weight. 
Ginger is prominent source of bioactive compound including volatile 
oil and non-volatile pungent compounds i.e. gingerols, shogaols 
and zingerones [18]. Gingerol also significantly lowers the body 
weight due to its hypophagic property in the high-fat diet-induced 
adiposity. It also shows anti-obesity action via inhibiting intestinal 
absorption of dietary fat and prevents from the cardiovascular 
diseases [19].

Anti-cancer role

6-gingerol suppresses the transformation, hyper-proliferation, 
and inflammatory processes which are linked with the development 
of carcinogenesis, angiogenesis and metastasis. It is also inducing 
apoptosis in the prostate cancer cell line LnCaP via enhancing the 
expression of p53 and Ba and lowering the expression of Bcl-2. 
[6]-Gingerol inhibited invasion and metastasis through multiple 
molecular mechanisms in hepatocellular carcinoma [20,21]. Cyclin 
D1 is a protooncogene and associated with cell proliferation via 
activation by βcatenin signaling. Nonsteroidal anti-inflammatory 
drugs (NSAID) are used to activate the gene1 (NAG1) that promote 
the proapoptotic and antitumorigenic properties. By performing 
anticancer activity, gingerol show apoptotic effect in cancer cells 
through stimulating and inducing apoptosis, up regulating NAG1 
and G1 cell cycle arrest, and down regulating cyclin D1. Leukotrienes 
induce the forcefully inflammatory response to develop cancer 
[22]. [6]-Gingerol directly binds with LTA4H and inhibits LTA4H 
enzyme activity in HCT116 and HT29 cells [23]. Similarly, Lee et 
al. [24] observed significant reduction in growth of HCT-116 cells 
treated with different concentrations of 6-gingerol (0, 50, 100, 150, 
and 200mM). The 150- and 200-mM concentrations of 6-gingerol 
lowered the cell growth rate by 22% and 28%, respectively in HT-
29 cells, HCT-116, Caco-2 cells, and LoVo, respectively.

Gingerol supplementation suppressed colon carcinogenesis 
by reducing lipid peroxidation and significantly enhancing the 
enzymatic and non-enzymatic anti-oxidant levels [25]. [6]-gingerol 
also suppressed the gastric lesions induced by HCl and ethanol in 
rats. In experimental animals, it also inhibits the proliferation of 
mouse skin carcinogenesis and exhibits inhibitory effect on tumor 
initiation and promotion owing to its presence of pungent vanillyl 
ketones [8]. The earlier investigations of Park et al. [26] explicated 
that [6]-gingerol also suppressed the TPA skin tumor proliferated 
activity and inhibited the epidermal ornithine decarboxylase 
activity. A study conducted by Surh et al. [8], they investigated 
that [6]-gingerol attenuated the skin papilloma genesis induced 
by 7,12-dimethylbenz [a]anthracene (DMBA). It has multiple 
mechanisms for the prevention of cancer via inhibiting the tumor-
promoter-stimulated inflammation, suppressing the activation 
of epidermal ornithine decarboxylase, and inhibiting TNF-alpha 
production [27]. In mouse skin tumorigenesis model, ethanolic 
extract of bioactive compound gingerol exhibited anti-tumor 
activity in animals by substantially lowering tumor body burdens as 
compared to control rats. The mouse skin was treated with gingerol 
extract and significantly inhibited the TPA that cause reduction in 
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hyperplasia (44%) and epidermal edema (56%) [27]. In another 
study done by Kim et al. [28], they determined that [6]-gingerol 
treatment suppressed the TPA-induced COX-2 expression along 
with inhibited NF- jB DNA binding activity [28]. Moreover, it also 
lowered the incidence and the multiplicity of tumors initiated by 
DMBA and promoted by TPA. It also suppressed H2O2 production, 
myeloperoxidase activity and inhibited the TPA-induced ear 
edema in the dorsal skin of mice [29]. Likewise, Murakami et al. 
[30] evaluated the anti-tumor role of gingerol in mouse skin via 
conventional 2-stage carcinogenesis model. It prevented from 
the tumor initiation and promotion through inducing apoptosis, 
metabolizing enzymes and attenuating pro-inflammatory signaling 
pathways. One study conducted by Shukla et al. [25], administration 
of gingerol (2lM) for 24h markedly inhibited the average number of 
tumors by 80% and skin tumor incidence by 60%.

It shows inhibitory effect on tumor proliferation and promotion 
owing to its pungent vanillyl ketones [8, 25]. It also suppressed the 
TPA skin tumor promotion and epidermal ornithine decarboxylase 
activity in ICR mice [2]. Gingerol exerts anticancer mechanism 
against skin papilloma genesis in female ICR which is induced by 
7,12-dimethylbenz[a]anthracene (DMBA) through inhibition of 
the tumor-promoter-stimulated inflammation, suppression of 
TNF-alpha production, and inhibition of activation of epidermal 
ornithine decarboxylase. Likewise, ethanolic extracts of gingerol 
inhibits the TPA mediated induction of ornithine decarboxylase 
and its mRNA expression in SENCAR mouse skin. It also lowers the 
tumor body burdens compared with non-ginger treated controls. 
Gingerol significantly inhibits the TPA caused epidermal edema 
(56%) and hyperplasia (44%). Similarly, in UVB-induced skin 
cancer, gingerol also protects from the production of ultra violet 
B (UVB)-induced ROS and COX-2 expression [27]. In mouse skin 
cancer cells, gingerol performs the cytotoxic effect by lowering the 
multiplicity of azoxymethane-induced intestinal carcinogenesis 
and reduces the incidence of DMBA-initiated papilloma formation. 
It also momentously suppressed the tumor promoter-induced 
inflammation [26]. Gingerol (10 μM) has cytotoxic effect on breast 
cancer cells through inhibiting metastasis by decreasing the 
activities and expressions of MMP-2 and MMP-9 [24].

In one study conducted by Rahman et al. [31] investigated the 
anticancer role og gingerol extract against human breast carcinoma 
cell lines MCF-7 and highly invasive MDA-MB-231 cancer cells. 
They determined that ginger extract (25.7μg/ml) showed the 
higher anticancer activity on MCF-7 cancer cells and MDA-
MB-231. Likewise, Hong et al. [32] reported that concentrations 
(75 and 100 µM) of 6-shogaol or pterostilbene have modulatory 
effects on aggressive breast cancer cells MDA-MB-231 cells. They 
lowered the migration of the MDA-MB-231 cells up to 22 and 41%, 
respectively. They also lowered the activities of MMP-2 and MMP-
9 expressions. In PMA-treated HepG2 and PMA-untreated Hep3B 
cells, gingerol has anti-invasive activity via regulating MMP-9 and 
TIMP-1, and 6-shogaol could further regulate uPA activity [20].  
Yagihashi et al. [33] also determined the antiinvasive activity of 
6-Gingerol by suppressing the ROS-potential in AH109A cells. It 
also neutralizes the formation of free radicals such as superoxide, 

peroxyl, peroxynittrite and further suppresses the formation of 
peroxy nitrite-mediated tyrosine nitration and production of nitric 
oxide [34]. It also reduces the generation of iNOS in LPS-stimulated 
J774.1 cell [35].

In BXPC-3 cells (mutant p53 protein) and HPAC cells (wild type 
p53), gingerol suppresses the cell growth, disrupts the cell cycle 
progression, and induces apoptosis. It also lowers the Cyclin A 
and Cdks expressions i.e. Cdk2, Cdk4, & Cdk6 whilst cyclin A and 
Cdk 6 expressions were lowered in HPAC. The blocking of Cyclin-
Cdk complexes formation significantly lowered the Cyclin or Cdk 
expressions that further reduced phospho- Rb level. On other side, 
in BXPC-3 cells, the levels of Cyclin D1 enhanced due to the drug-
induced cell cycle arrestp53 and gene encoding a transcription 
factor. It also suppresses the cell proliferation in cells through cell 
cycle arrest and/or inducing apoptosis [36]. 

It induces apoptosis via up regulating NAG-1 and G1cell cycle 
arrest through down regulating cyclin D1. Gingerol significantly 
inhibits the growth of Helicobacter pylori Cag A+ strains that are 
responsible for gastric premalignant and malignant lesions. It also 
suppresses the pulmonary metastasis in mice bearing B16F10 
melanoma cells by activating CD8+ T cells [37]. By performing anti-
tumoral activity, it also causes the induction of ROS that triggers the 
activation of p53 and the cell cycle arrest and apoptosis [38].

Anti-diabetic Role

Type 2 diabetes are significantly increasing worldwide and 
associated with insulin resistance and pancreatic b-cell failure.  
During hyperglycemia, endogenous non enzymatic reactions 
produce the advanced glycation end products (AGEs) and enhance 
the concentration of pancreatic b-cell. Gingerol provides protection 
to pancreatic b-cells from free radicals-induced stress as well 
also has effect on blood sugar level, glucose intolerance and 
gene expression of hepatic enzymes. [6]-Gingerol stimulated the 
phosphorylation of AMPK to total AMPK, and p-AMPK/AMPK from 
30 min after treatment and further lowered the production of free 
radicals of RIN-5F cells [39].

It also suppressed the production of IL-1β, TNF-α, and IL-12 from 
LPS-stimulated macrophages [40]. Gingerol also inhibits the MAPK 
and PI3K/Ak phosphorylation and NF-κB and STAT3 translocation 
[41]. Likewise, it also acts as anti-hyperglycemic by improving 
the insulin signaling pathway. It stimulated the glucose uptake 
that lowered the expressions of AMPK, acetyl-CoA carboxylase 
(ACC), and phosphorylation in L6 myotubes rats [42]. In diabetes, 
oxidative stress enhances the production of free radicals whereas 
gingerol stops the effects of ROS and lowers the lipid level in type 2 
diabetes models (db/db mice). Gingerol enhanced the anti-oxidant 
enzyme activities and decreased hydrogen peroxide concentration 
in db/db mice. It also lowers the hepatic and renal MDA levels db/
db mice.   In diabetic animals, gingerol has potential to enhance the 
insulin sensitivity and to decrease hyperlipidemia [43].

Cardio preventive Role

[6]-gingerol enhanced the viability of doxorubicin-injured 
cardiomyocytes. It also has more profound protective effects than 
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single agent drug. The drug lowered the SOD activity, enhanced 
ROS generation, increased MDA formation, triggered the intrinsic 
mitochondria-dependent apoptotic pathway, and induced release 
of LDH in cardiomyocytes. Gingerol exerts cardioprotective effect 
against doxorubicin-induced cardiotoxicity through activating the 
PI3K/Akt signaling pathway [44].

6-gingerol significantly ameliorated the doxorubicin-induced 
elevation in the cardiac enzymes. The stimulation of oxidative 
stress by doxorubicin was evidenced by the significant decrease in 
the serum soluble receptor for advanced glycation product allowing 
unopposed serum advanced glycation end product availability. 
Moreover, doxorubicin activated nuclear factor kappa B (NF-κB) 
which was indicated by an increase in its immunohistochemical 
staining in the nucleus. In addition, doxorubicin-induced 
cardiotoxicity was accompanied by elevation of cardiac caspase-3. 
Notably, pretreatment with 6-gingerol significantly ameliorated 
the changes in sRAGE, NF-κB and cardiac caspase-3. Cardiac 
enzymes showed significant positive correlation with NF-κB and 
caspase-3 but negative with serum sRAGE, suggesting their role in 
doxorubicin-induced cardiac injury [45]. The previous findings of 
Antipenko et al. [46] determined that the concentration of gingerol 
(50 micro) enhanced the Vmax (Ca) of Ca2+ uptake and Ca2+-ATPase 
activity as well also increased the Km (Ca) in phosphorylated 
vesicles. 

Conclusion

Ginger is used traditionally in worldwide for its health 
endorsing properties such as reducing cardiovascular disease, 
cancer, diabetes, allergic response, aging and cancer. It exhibits 
the beneficial effects due to the presence of gingerol and shogaol. 
They target multiple pathways, inclusive of the cell cycle, apoptotic 
cell death and angiogenic pathway, which confer their anti-
carcinogenic activities. These polyphenols prevent from the gastric 
cancer, lung cancer, bone cancer, pulmonary cancer, uterine cancer, 
esophageal cancer, colon cancer, liver cancer and breast cancer. 
The current review article summarized that gingerol consumption 
was associated with a statistically significant 9% decreased risk 
of gastric cancer and reduced the risk against colorectal and 
gastric cancers. The active form of gingerol can be stabilized into 
biocompatible materials such as alginate beads and layered double 
hydroxides. This review encompasses the multiple health effects of 
gingerol with references to health perspectives.
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