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A B S T R A C T   

Natural products have for long been receiving wide attention for the prevention and treatment of various dis
eases. Attention is being given to natural products because they are cost-effective, safe and well tolerated. Ginger 
(Zingiber officinale Roscoe), one of the widely used natural products, has been reported to promote digestion and 
metabolism in the Ayurvedic and Chinese Medicine. Additionally, it was reported to be effective in acting as a 
remedy for cough, cold, nausea, vomiting, food poisoning and arthritic pain. The medicinal and nutritional value 
of ginger has led scientific researchers to explore its anti-microbial, anti-oxidant and anti-cancer properties. The 
anti-cancer properties of ginger have been attributed mainly to the most active components in ginger, which are 
6-gingerol and 6-shogaol. Understanding the mechanisms by which these pungent components control cancer 
cell proliferation might put ginger in the frontline for cancer treatment. The aim of this review is to cover all the 
medicinal applications of ginger extract and/or the non-volatile bioactive constituents of ginger (6-gingerol and 
6-shogaol) with a focus on both the chemotherapeutic role of ginger and the role it plays as adjuvant therapy in 
several diseases.   

1. Introduction 

Ginger (Zingiber officinale Roscoe) belongs to the Zingiberaceae 
family of flowering plants, which includes other plants like turmeric, 
cardamom and galangal. On a worldwide scale, the most common use of 
ginger is as a dietary condiment in food and beverages. From a medical 
point of view, ginger has been used in medicines for the management of 
various medical diseases (Ujang et al., 2015). Ginger is rich in various 
chemical constituents. Some of these chemical constituents are phenolic 
compounds, terpenes, polysaccharides, lipids, organic acids, and raw 
fibers. The health benefits of ginger are mainly attributed to its bioactive 
phenolic compounds, such as gingerols and shogaols (Mao et al., 2019). 
It has been demonstrated that ginger and its bioactive constituents have 
potential in serving as anti-inflammatory, antioxidant and immuno
modulatory agents (Jafarzadeh & Nemati, 2018; Nikkhah Bodagh et al., 
2018). Furthermore, Wang et al., (2017) proved that ginger has bene
ficial effects on obesity and metabolic syndromes such as diabetes 
mellitus, dyslipidemia, Irritable Bowel Syndrome (IBS) and cardiovas
cular diseases. 

When considering the effects of ginger on cancer, the plant showed 
dual protective effects against chemotherapy induced nausea and 

vomiting (Chang & Peng, 2019), and organ toxicity (Attyah & Ismail, 
2012; Sheriff et al., 2017). On top of that, ginger derivatives, in the form 
of extracts or isolated compounds, are able to exhibit relevant 
anti-proliferative, anti-tumor, anti-invasive, and anti-metastatic activ
ities (De Lima et al., 2018). 

This review manuscript covers all the medicinal applications of 
ginger and its mechanism(s) of action. The manuscript places a focus on 
the role of ginger and its bioactive constituents as a protective treatment 
from the side effects produced by cancer treatment. Additionally, the 
paper discusses how ginger can act as a chemotherapeutic and nano
therapeutic agent against cancer. Finally, the manuscript outlines the 
molecular mechanisms induced by ginger or its bioactive components in 
tumor suppression, cell signaling, cell cycle arrest, cell death, invasion 
and metastasis. 

2. Origin and historical background of ginger 

Ginger (Zingiber officinale Roscoe), a rhizomatous perennial plant 
that originated in Maritime Southeast Asia, was first cultivated by the 
Austronesian people and transported to other regions through the indo- 
pacific oceans 5000-years ago (Ravindran & Babu, 2016; Singh, 2012). 
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Ginger had religious significance among the Austronesians. It was used 
in rituals for healing and seeking protection from the spirits as well as in 
the blessing of Austronesian ships. Ginger was introduced to India 
during the Austronesian expansion. From India, ginger was carried by 
traders to the Middle East and the Mediterranean area around the 1st 
century (Blust & Trussel, 2013; Ujang et al., 2015). The plant was used 
by the ancient Greeks and Romans and is considered one of the first 
spices that were exported from Asia to Europe (Christenhusz & Byng, 
2016). 

3. Chemistry of ginger 

The constituents of ginger may vary from one plant to another, this 
variation is dependent on two factors. The first factor is how fresh or dry 
the rhizomes are and the second one is the place of origin of the plant 
(Sang et al., 2020). There are two distinct groups of chemicals present in 
ginger that contribute to its sensory perception namely; volatile oils and 
non-volatile pungent compounds. The first group is the volatile oils 
group. Volatile oils contribute to the distinct aroma and taste of ginger. 
Sesquiterpene hydrocarbons, predominantly zingiberene, curcumene 
and farnesene form the main components of the volatile oils, along with 
smaller amounts of b-sesquiphel-landren and bisabolene. The second 
group is the non-volatile pungent compounds group. Non-volatile con
stituents in ginger are responsible for its hot sensation in the mouth. 
Among the non-volatile pungent compounds, gingerols, shogaols, par
adols and zingerone are considered the main constituents (Fig. 1). In 
addition to above mentioned pungent components fats, waxes, carbo
hydrates, vitamins and minerals are other constituents of ginger rhizome 
(Vedashree et al., 2020; Yi et al., 2019). 

3.1. Bioactive components of ginger 

The most active component of fresh rhizome is gingerols. Gingerols 

are a series of chemical homologs differentiated by the length of their 
unbranched alkyl chains. Upon thermal processing, the OH group at the 
C-5 position in gingerols is eliminated, resulting in formation of a double 
bond between the C-4 and C-5 positions in shogaols. This transformation 
increases the pungency characteristic of ginger (Sang et al., 2020). When 
rhizomes are dried at a temperature lower than 70оC, the yield of ginger 
oil is increased without any effect on the 6-gingerol to 6-shogaol 
transformation. For temperatures higher than 70оC, the transformation 
of 6-gingerol to 6-shogaol will be enabled (Huang et al., 2012). The yield 
of 6-shogaol could be maximized by adjusting the pH of the extraction 
solvent using a strong acid, and by increasing the drying and extracting 
temperatures. Parameters such as place of origin, cultivar, pH and 
temperature affect the stability of gingerols (Ok & Jeong, 2012). 

Paradols are phenolic ketones with a structural similarity to gin
gerols and shogaols (Setoguchi et al., 2016). The yielding of paradols 
happens through the hydrogenation of shogaols (Sapkota et al., 2019). 
Zingerone, a paradol analogue, also known as 0-paradol, is another 
pungent component of ginger and part of the paradols family. With the 
exception of zingerone, 6-paradol is the only naturally occurring mem
ber to be isolated from natural sources (Setoguchi et al., 2016). 

4. Current medicinal applications of ginger 

There are several medicinal applications of ginger. These medicinal 
applications are mainly attributed to its anti-inflammatory and antiox
idant activity. Additionally, ginger is used as adjuvant therapy in several 
diseases, enhance immunity and act as a chemoprotective and/or ther
apeutic for cancer (Fig. 2). 

4.1. Ginger and inflammation 

The anti-inflammatory and antioxidant characteristics of ginger 
allow it to possess several medicinal applications. There are several 
pieces of evidence supporting the anti-inflammatory property of ginger. 
A study by Kim and Kim (2018b) showed that, the treatment of colitis 
mice induced by 5% Dextran Sulfate Sodium (DSS) with ginger, resulted 
in an increase in the body weight, an inhibition of colon shortening, and 
a reduction in the activity of myeloperoxidase and pro-inflammatory 
cytokines namely; interleukin (IL)-1β, IL-6, and tumor necrosis factor 

Fig. 1. Non-volatile pungent components of ginger.  Fig. 2. General medicinal properties of ginger.  
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(TNF)-α. These results demonstrated the protective effect of ginger 
against DSS-induced colitis. Yang et al. (2014) studied the effect of 
ginger extract on fructose-fed rats and identified the protective effect of 
ginger on metabolic syndrome-associated with kidney injury via sup
pressing the renal-induced overexpression of proinflammatory cytokines 
in rats. High-hydrostatic pressure extract of ginger induced lowering of 
the mRNA levels of pro-inflammatory cytokines, downregulated the 
microRNA-miR 21 and miR 132 expression and enhanced the activity of 
metabolism regulator, adenosine monophosphate-activated protein ki
nase (AMPK) in mice fed with 45% high fat diet (Kim, Lee, et al., 2018). 
An in-vivo study in murine house dust mite model demonstrated that 
6-Shogaol, one of the bioactive compounds of ginger, mitigated 
inflammation in lung and airway hyper-responsiveness thereby 
combating asthma. Furthermore, 6-shogaol increased the concentra
tions of cAMP in CD4 cells, inhibited induction of NF-κB signaling, 
altered pro-inflammatory cytokine release and augmented Treg polari
zation in-vitro (Yocum et al., 2019). A similar in-vivo study was previ
ously reported on ginger where gingerol, another active constituent of 
ginger, reduced airway eosinophilia, Th2 cytokines, and 
allergen-specific antibodies thereby inhibiting allergen-induced lung 
inflammation (Ahui et al., 2008). 

In sepsis, 6-gingerol has been displayed to possess anti-inflammatory 
properties in vivo and in vitro. In mice established models of sepsis, 6- 
gingerol reduced the level of pro-inflammatory cytokines IL-18 in 
serum and colon tissues. In BMDMs and RAW264.7 cell lines, 6-gingerol 
alleviated the release of caspase-1p20, HMGB1 and IL-18 in response to 
adenosine 5′-triphosphate (ATP) and lipopolysaccharide (LPS) treat
ment and relieved the macrophages pyroptosis via inhibition of MAPK 
signaling pathways (Zhang et al., 2020). Another study by Hong et al. 
(2020) used cecal ligation and puncture (CLP) to induce polymicrobial 
sepsis and liver injury in mice. 6-Gingerol administration ameliorated 
sepsis by inhibiting the expression of pyroptosis-related proteins, 
including NOD-like receptor protein 3 (NLRP3), IL-1β, and caspase-1. In 
addition, 6-Gingerol administration improved sepsis by another mech
anism, which is the activation of the Nrf2 pathway. 

4.2. Ginger as antioxidant 

The ability to function as an antioxidant is another important prop
erty of ginger. Masuda et al. (2004) evaluated structure-activity rela
tionship of gingerol related compounds by substituting with an alkyl 
group bearing 10-, 12- or 14-carbon chain length. The study reported 
that the substituents on the alkyl chain might contribute to the inhibi
tory effect of autoxidation of oils and the radical scavenging effect 
thereby suggesting their antioxidant activity. Similarly, studying Ginger 
extract and its constituent components (6-gingerol, 8-gingerol, 10-gin
gerol, and 6-shogaol) identified that their hydroxyl groups and the 
suitable solubilizing side chains are responsible for the antioxidant 
property. The study showed that 6-Shogaol and 10-gingerol exhibited 
higher activity than 6-gingerol and 8-gingerol at 60 ◦C. At high tem
peratures (120/180 ◦C) low antioxidant activity was detected (Si et al., 
2018). 

Ginger inhibited the oxidative stress and the inflammation by 
enhancing antioxidant enzymes and decreasing inflammatory TNF-α 
level (Morakinyo et al., 2011). A study on rats, compared the antioxi
dant activity of ginger against ascorbic acid, a natural antioxidant. The 
results exhibited that ginger maintained the activities of the antioxidant 
enzymes, superoxide dismutase, catalase and glutathione peroxidase. 
Moreover, in tuberculosis patients, supplementation of ginger along 
with antitubercular therapy significantly lowered the concentrations of 
malondialdehyde, ferritin and TNF-α. The study concluded that ginger 
has antioxidant activity and it possesses strong free radical scavenging 
property (Kulkarni & Deshpande, 2016). The presence of polyphenol 
compounds is reported to be responsible for the antioxidant activity in 
ginger extract. The total phenolic content of the ginger alcohol extract is 
870.1 mg/g dry extract. The 2,2-Diphenyl-1-picril hydrazyl radical 

(DPPH) scavenging activity of the extract was estimated to be 90.1% 
with the IC50 concentration of 0.64 μg/ml (Stoilova et al., 2007). 

Investigating two different extracts of steamed ginger: ethanolic 
(SGE) and water extract (SGW), identified that the ethanolic extract has 
higher contents of flavonoids, polyphenols, DPPH and ABTS+, free 
radical scavenging activities compared to water extract, which supports 
its antioxidant activity (Kim, Kim, et al., 2018). Moreover, an in vivo 
study by Fahmi et al. (2019) reported that diethylnitrosamine (DEN) 
induced rats treated with ginger essential oil showed a significant in
crease in serum catalase and GSH-Px compared to the positive control 
DEN induced rats. A recent study reported that ginger-based fruit drink 
in the ratio Ginger 50: Pineapple 10: Apple 40 showed a highest phenolic 
distribution, highest 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azi
no-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS+) scavenging 
abilities as well as ferric reducing antioxidant property (FRAP) (Ade
mosun et al., 2020). 

4.3. Ginger and immunity 

Ginger is used as dietary supplement to boost immunity by 
enhancing the levels of interferon gamma (INF-α) and interleukin 2 (IL- 
2). Zidan et al. (2016) studied the effect of ginger on one-day old broiler 
chicks and identified that adding ginger to their diet significantly 
enhanced the serum levels of INF-αand IL-2. Interferon gamma (INF-γ) is 
crucial for immune response and its aberrant expression causes many 
autoimmune and autoinflammatory diseases (Schoenborn & Wilson, 
2007). 

Adding 0.1% ginger extract to basal diet of laying hens increased 
lysozyme (LZM) activity, maintained the contents of serum total protein 
(TP), albumin (ALB) and globulin (GLB) unaltered. Enhancing LZM ac
tivity reflected the cellular immunity and the anti-infection ability of the 
body (An et al., 2019). Similarly, in zebra fish, the mRNA expression 
level of lysozyme was upregulated by feeding them with 3% ginger. 
Moreover, alkaline phosphatase, a representative of anti-bacterial ac
tivity was also significantly increased in fish fed with ginger (Ahmadifar 
et al., 2019). 

Adding gingerols to activated T-lymphocytes augmented the intra
cellular Ca2+ concentrations and increased cytokine IFN-γ secretion. The 
results of the study pointed to an interaction of gingerols with TRPV1 in 
activated T lymphocytes leading to an augmentation of IFN-γ secretion 
(Schoenknecht et al., 2016). 

A recent study examined mice infected with strains of Mycobacterium 
tuberculosis and it found that 6-gingerol one of the active components of 
ginger, confirmed its immunomodulatory action by enhancing Th1/ 
Th17 responses. Moreover, CD4± and CD8+T cells which constitute the 
main components of adaptive immunity and CD11b± and CD11c ± cells 
which are required to activate the acquired immunity were increased 
(Bhaskar et al., 2020). 

The conditions of thermal drying could also differentially impact the 
immunomodulatory function of ginger. Lee et al. (2019) reported that 
ginger dehydrated at specific conditions (50 ◦C) exhibited 
immune-stimulatory effects which were attributed to their ability in 
inducing ERK, JNK, and p38 pathways in RAW264.7 murine macro
phage cells. 

The medicinal value of ginger has also been investigated in 
improving the Rheumatoid Arthritis (RA). The study which was per
formed by Aryaeian et al. (2019) on patients with rheumatoid arthritis 
reported that ginger decreases the disease manifestations by increasing 
the expression of forkhead box P3 (Fox P3) genes and decreasing the 
expression of RORγt and T-bet genes. An increase in Fox P3, which is the 
transcription factor in T regulatory (Treg) cells, causes an increase in 
Tregs functionality, down modulate immune system and prevent auto
immune diseases (Nazari et al., 2013). 
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4.4. Ginger and the blood 

On the blood level, ginger was reported to have an antithrombotic 
and cholesterol-lowering activity. A meta-analysis conducted by Pour
masoumi et al. (2018) identified that ginger at a low dose (≤2 g/day) 
could cause a favorable effect on triacylglycerol (TAG) and low density 
lipoprotein cholesterol (LDL-C). Moreover, Zingerone, a phenolic alka
none found in ginger, was reported to act as an antithrombotic com
pound with both factor Xa (FXa) inhibitory and anti-platelet aggregation 
activities (Lee et al., 2017). 

4.5. Ginger as adjuvant therapy 

4.5.1. Ginger for nausea and vomiting 

4.5.1.1. In pregnancy. Apart from the above-mentioned protective 
roles, ginger is effective in ameliorating nausea and vomiting. Nausea 
and vomiting during pregnancy (NVP), which is otherwise known as 
morning sickness, affects about 80% of pregnant women (Quinla & Hill, 
2003). Nausea and vomiting during early pregnancy are considered to 
be independently related to the human chorionic gonadotropin (hCG) 
hormone and some psychological factors (Dekkers et al., 2019). A triple 
blind clinical trial conducted by Sharifzadeh et al. (2018) on pregnant 
women suffering from mild to moderate NVP identified that, the effect 
caused by a 1000 mg dose of ginger taken to reduce NVP is comparable 
to that caused by an 80 mg vitamin B6 dose taken daily. Similarly, a 
meta-analysis carried out by Hu et al. (2020) reported that, ginger could 
significantly relieve general NVP symptoms compared to placebo, with 
no significant difference between ginger and vitamin B6. 

Acupressure at Neiguan point (P6) is another remedy to reduce 
nausea and vomiting (Werntoft & Dykes, 2001). On comparing the effect 
of acupressure to ginger, it was found that ginger is more powerful in 
relieving mild to moderate nausea and vomiting in less than 16 weeks of 
gestational age (Saberi et al., 2013). Moreover, a study by Kustriyanti 
and Putri (2019) reported that ginger aromatherapy could be used to 
minimize the severity of NVP. 

In order to test the safety and efficacy of ginger during the pregnancy 
period, Stanisiere et al. (2018) monitored a total of fifteen different 
studies and three preclinical trials. It was concluded that at a dose of 1 g 
of fresh ginger root per day, ginger caused no obvious risk to the mother 
or future baby. However, medical supervision is mandatory and the 
quality of ginger should be taken into consideration. 

4.5.1.2. For chemotherapy-induced nausea and vomiting (CINV). When 
considering the efficiency of ginger as a remedy for chemotherapy- 
induced nausea, the results obtained were contradictory. Ginger is ex
pected to enhance antiemetic effects and counteract oxidative damage to 
tissues by binding to 5-HT3 receptors and increasing detoxification en
zymes (Geiger, 2005). A study by Ryan et al. (2012) speculated that 
administering ginger prior to chemotherapy could prepare the gut for an 
anti-nausea response through 5-HT3 receptor binding and induction of 
detoxification enzymes. 

Sanaati et al. (2016) conducted a randomized, double-blind, clinical 
trial study, which demonstrated that ginger significantly reduced nausea 
and vomiting in patients treated with chemotherapy for breast cancer. 
Furthermore, on conducting a meta-analysis to identify the effect of 
ginger on CINV, it was concluded that ginger administration resulted in 
reduced acute CINV (Chang & Peng, 2019). Similarly, it was reported 
that adjuvant ginger supplementation is associated with significantly 
less chemotherapy-induced nausea and cancer related fatigue (Marx 
et al., 2017). 

On the contrary, Thamlikitkul et al. (2017) reported that, adminis
tering 500 mg ginger twice a day to breast cancer patients receiving 
adriamycin and cyclophosphamide (AC) regimens, along with ondan
setron and dexamethasone, did not result in the reduction of nausea. 

Likewise, Li et al. (2018) conducted a randomized, double-blind, pla
cebo-controlled clinical trial and exhibited that ginger has no evident 
effect in ameliorating CINV in lung cancer patients receiving 
cisplatin-based regimens. 

Recently, an integrative review performed using Ganong’s reference 
by Borges et al. (2020) reported that there was no statistical confirma
tion for using ginger as a complementary therapy to reduce CINV. 

4.5.2. Ginger for diabetes mellitus 
Ginger has been reported to possess antidiabetic activity. Ven

kateswaran et al. (2021) studied the antidiabetic activity of 
microwave-assisted polyphenolic extracts of Indian ginger cultivars 
from Tamil Nadu (MPT) and Odisha (MPO). The research study identi
fied MPT to be a promising candidate to function as an adjuvant therapy 
for treating diabetes. The results of the study indicated that MPT showed 
an insulin stimulated glucose uptake of 1.74 ± 0.25 fold at 6.25 μg/ml 
concentration compared to the control in C2C12 cells. It also possessed 
anti-glycation and α–amylase, α–glucosidase inhibitory properties with 
a DPPH radical scavenging activity of 7.69 ± 0.001%. In addition, the 
results displayed an increased GLUT4 expression even at a lower dose of 
6.25 μg/ml. 

In a recent in vivo study on a streptozotocin (STZ)-induced mice 
model of painful diabetic neuropathy (PDN), it was reported that the 
ginger extract of 400 mg/kg BW and 6-shogaol 15 mg/kg BW signifi
cantly attenuated hyperalgesia and allodynia, compared to the diabetic 
control group. The attenuation in hyperalgesia and allodynia happened 
by decreasing the expression of nociceptive receptor transient receptor 
potential vanilloid-1 (TRPV1) and N-methyl-D-aspartate receptors 
(NMDAR2B) in the spinal cord, with very limited effect on the function 
of pancreatic islet (Fajrin et al., 2020). 

4.5.3. Ginger for asthma 
Ginger plays a significant role in ameliorating asthmatic conditions. 

A study by Li et al. (2019) on ovalbumin-sensitized asthma in rats 
identified that, 6-gingerol lessens immunoglobulin E (IgE) and inter
leukin IL-4, IL-5 and IL-13. Additionally, 6-gingerol increases the level of 
interferon-gamma (IFN- γ) like theophylline. Moreover, the glycoprotein 
accumulation and alveolar epithelium thickness in asthmatic rats were 
restored to normal conditions by supplementing the rats with 6-gingerol. 
This restoration to normal conditions represents the protective effect of 
6-gingerol on lungs. An earlier study investigated the effect of the 
bioactive components of ginger, namely 6-gingerol, 8-gingerol and 
6-shogaol to potentiate ß-agonist-induced relaxation of the airway 
smooth muscle (ASM). The results showed that the bioactive compo
nents inhibited the degradation of 3′–5′-cyclic adenosine mono
phosphate (cAMP) in the airway smooth muscle. In addition, they 
prevented the formation of phosphodiesterase 4D (PDE4D) and 
phosphatidylinositol-specific phospholipase C (PIPLC). Enzymes that 
degrade cAMP, the molecule that activates protein kinase A (PKA) and 
leads to airway relaxation, were prevented from forming as well. Inhi
bition of both PDE4D and PIPLC in primary human ASM cells regulated 
the contractile machinery by lowering the level of contractile proteins. 
They concluded that the bioactive components of ginger act as adjuvant 
therapy in combination with the traditional therapy to relieve the 
symptoms of asthma (Townsend et al., 2014). 

4.5.4. Ginger for kidney transplantation 
Cyclosporine (CYA), which is commonly used in organ trans

plantation as an immuno-suppressant drug, has been reported to have 
nephrotoxic effects (Fioretto et al., 2011). A study by Adekunle et al. 
(2018) on a Wistar rat model identified that, ginger polyphenols atten
uate some indices of experimental cyclosporine-induced kidney injury, 
through antioxidants and membrane stabilizing effects along with 
transport protein modulation, marking its space in renal and other 
transplant therapy as an adjuvant treatment. 
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4.6. Ginger and cancer 

Cancer is a major health problem globally (Fidler et al., 2018). There 
are many treatment strategies such as chemotherapy, radiotherapy, 
hormonal therapy, targeted therapy and immune therapy to treat can
cer. The side effects associated with these treatment modalities reduce 
the success rate of cancer therapy, therefore there is an urgent need to 
introduce natural compounds that can not only play a role as an adju
vant therapy but also ameliorate the side effects caused by the current 
therapies. (Di Bona et al., 2020; Pujade-Lauraine et al., 2010; Wibowo 
et al., 2016). 

4.6.1. Protective role of ginger against chemotherapy-induced organ 
toxicity 

One of the major obstacles that counteract the treatment of cancer 
patients with chemotherapeutic drugs is the cytotoxicity of different 
organs. For instance, Doxorubicin which is used to treat multiple types 
of cancer causes hepatotoxicity (Sakr et al., 2011) and nephrotoxicity 
(Ajith et al., 2008). Likewise, cisplatin causes hepatotoxicity, car
diotoxicity and testicular toxicity (Attyah & Ismail, 2012; Elshiekh et al., 
2019). The following table (Table 1) shows previous studies regarding 
the protective role of ginger against various toxicities caused by 
chemotherapeutic drugs. 

4.6.2. Therapeutic potential of ginger against cancer 
Among the different constituents of ginger, gingerols and shogaols 

are the main active constituents that contribute to the anti-cancer 
properties of ginger. 6-Gingerol (1-[4′-hydroxy-3′-methoxyphenyl]-5- 
hydroxy-3-decanone) and 6-shogaol [(E)-1-(4-hydroxy-3- 
methoxyphenyl)-dec-4-en-3-one] have been widely studied for their 
effects against different types of cancer (Bawadood et al., 2020; De Lima 
Silva et al., 2020; Woźniak et al., 2020; Xu et al., 2020). Below are the 
main anticancer effects of ginger. 

4.6.2.1. Cytotoxicity and tumor suppression. 6-gingerol and 6-shogaol 
play a vital role in suppressing cancer cell growth. It is known that 
Leukotriene A4 hydrolase (LTA4H), is overexpressed in several human 
cancer cell lines, including colorectal cancer. 6-Gingerol was shown to 
have a capacity to block the activity of LTA4H and to be cytotoxic to 
HCT116 colon cancer cells (El-Naggar et al., 2017). Furthermore, Fan 
et al. (2015) showed that 6-gingerol significantly decreased the viability 
of osteosarcoma cells in a dose dependent manner. Moreover, in a recent 
study on Sarcoma 180 cells, 6-gingerol showed a notable cytotoxic effect 
by reducing the cell division rates and cell viability via apoptotic in
duction (De Lima Silva et al., 2020). 

In parallel, 6-shogaol has exhibited cytotoxic effect towards cancer 
cells. Ray et al. (2015) investigated the effect of 6-shogaol against breast 
cancer monolayer cells as well as cancer stem cell like spheroid culture 

Table 1 
Chemoprotective effects of ginger against toxicities after treatment of the experimental animals (mice/rats) with different types of chemotherapeutic agents.  

Chemotherapeutic 
drug 

Animal Model Overall 
Effect 

Molecular Effect References 

Increase Decreased 

Doxorubicin  Female Spraque-Dawley 
rats 

Cardio-protective 
effect 

Nil Serum glutamate oxaloacetate 
Transaminase 
Serum lactate dehydrogenase activity 
Malondialdehyde 

Ajith et al. (2016) 

Male Albino rats Hepato-protective 
effect 

Superoxide dismutase (antioxidant 
enzyme) 

Alanine aminotransferase 
Aspartate aminotransferase 
Malondialdehyde (lipid peroxidation 
marker) 

Sakr et al. (2011) 

Female Spraque-Dawley 
rats 

Nephro-protective 
effect 

Superoxide dismutase 
Catalase 
Glutathione peroxidase 
Level of reduced glutathione 
Glutathione-S-transferase 

Serum urea creatinine levels 
Malondialdehyde 

Ajith et al. (2008) 

Paclitaxel Male Swiss albino mice Geno-protective 
effect 

Nil Number of the chromosomal 
aberrations 
Number of micronuclei 

Al-Sharif (2011) 

Cisplatin Male Wistar strain albino 
rats 

Testicular protective 
effect 

Epididymal sperm count 
Sperm motility 
Superoxide dismutase 
Reduced glutathione 
Catalase 

Sperm abnormality malondialdehyde Amin et al. (2006) 

Male and female white 
albino rats 

Hepato-protective 
effect 
Cardio-protective 
effect 

Nil Aspartate aminotransferase 
Alanine aminotransferase 
Total serum bilirubin 
Lactate dehydrogenase 
Creatine kinase 

Attyah et al. 
(2012) 

Male albino rats Nephro-protective 
effect 

Nil Serum creatinine 
Blood urea nitrogen 
Over-expressed Bax 

Ali et al. (2013) 

Male albino rats Nephro-protective 
effect 

Nil Blood urea 
Creatinine 
Nitric oxide 
Malondialdehyde 
Caspase 3 

Sheriff et al. 
(2017) 

Male albino rats Testicular protective 
effect 

Catalase 
Reduced Glutathione 
Testosterone level 
Sperm count 
Sperm motility 

Malondialdehyde 
Chromosomal abberations 
Tail abnormality 
Divided sperm head 

Elshiekh et al. 
(2019) 

Etoposide Male albino rats Cyto- protective 
effect 
Geno- protective 
effect 

Mitotic index 
Superoxide dismutase 
Catalase 
Glutathione 

Malondialdehyde 
Nitric oxide 
Chromosomal aberrations 

El Nabi et al. 
(2017)  
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and the researchers identified that the CD44 + CD24-/low cells and the 
secondary sphere content were drastically reduced after treatment of the 
cells with 6-shogaol, thereby confirming the action of 6-shogaol against 
cancer stem cells. Moreover, a study on an allograft model mouse 
HMVP2 prostate cancer cells showed that 6-shogaol significantly 
inhibited the tumor growth (Saha et al., 2014). Qi et al. (2015) also 
conducted a similar study on xenograft mouse model and reported that 
6-shogaol effectively suppressed the colorectal tumor growth. 

4.6.2.2. Cell signaling, cell cycle arrest and cell death. 6-gingerol and 6- 
shogaol have been reported to target different cell signaling pathways 
and to sensitize and arrest cancer cells at different phases of the cell 
cycle (Fig. 3). A study by Luo et al. (2018) reported that 6-gingerol 
enhanced sensitivity of gastric cancer HGC-27 cells to ionization radia
tion (IR) through inducing G2/M phase arrest and apoptotic cell death. 
In a later study, the same author used a combined treatment of 6-gin
gerol and cisplatin (CDDP) to treat HGC-27 gastric cancer cells. The 
combination therapy enhanced G1 phase arrest as well as suppressed 
migration and invasion via inhibiting PI3K/AKT signaling pathway (Luo 
et al., 2019). 

Recent study reported that 6-gingerol suppressed AKT–CDK4–cyclin 
D1 pathway in renal cell carcinoma. The results demonstrated 
concentration-dependent accumulation of cells at the G1 phase in vitro, 
significant decrease in p-AKT Ser 473, CDK4, and cyclin D1 protein 
amounts. In addition, significant increase in glycogen synthase kinase 
(GSK 3β) protein amounts in vitro and in vivo (Xu et al., 2020). On the 
other hand, 6-gingerol when chemically modified using acetone-2, 
4-dinitrophenylhydrazone, the resulting compound (semi-synthetic 
analogue SSi6) arrested triple negative breast cancer cells (MDA MB 
231) at the G1-phase, mainly by decreasing Cdk4/6-Rb axis levels 
(Luna-Dulcey et al., 2020). 

Parallel to 6-gingerol, 6-shogaol also exhibited effects on different 
signaling pathways to sensitize different types of cancer. 6-shogaol 
suppressed the survival signaling of the AKT/mTOR signaling pathway 
in human non-small cell lung cancer A549 cells via blocking the activity 
of AKT, mTOR, forkhead transcription factors (FKHR) and glycogen 
synthase kinase-3β (GSK-3β) (Hung et al., 2009). In a similar study on 
A549 cells, 6-shogaol and its Synthetic metabolite, cysteine conjugated 

6-shogaol utilized p53 pathway for induction of apoptosis via generating 
oxidative stress and released mitochondria-associated apoptotic mole
cules such as cytochrome C, cleaved caspases 3 and 9 (Warin et al., 
2014). Another survival signaling pathway was blocked by 6-shogaol, in 
MDA-MB-231 breast cancer cells 6-shogaol strongly inhibited STAT3 
and MAPKs signaling cascade and induced ROS-mediated JNK, p38 
MAPK, and ERK activation. 6-shogaol down-modulated gene products 
such as Bcl-2, Bcl-xL, and Survivin that mediate tumor cell survival, 
proliferation, invasion, and metastasis thus inducing substantial 
apoptosis (Kim et al., 2015). In another study, 6-shogaol arrested 
HCT116 colon cancer cells at G2/M by up-regulating p53, CDK inhibitor 
p21waf1/cip1 and GADD45α, and down-regulating cdc2 and cdc25A 
(Qi et al., 2015). A similar study was reported that 6-shogaol induced 
irreversible G2/M arrest partly through down-regulation of cdk1, cyclin 
B and cdc25C cell cycle checkpoint proteins, as well as mad2, cdc20 and 
surviving spindle assembly checkpoint proteins (Gan et al., 2011). 

4.6.2.3. Invasion and metastasis. 6-gingerol and 6-shogaol have also 
been studied for their anti-invasive and anti-metastatic activity. Lee 
et al. (2008) reported that the treatment of triple negative breast cancer 
cells (MDA MB 231) with 6-gingerol led to a decrease in cell migration 
and motility in a dose dependent manner. Moreover, the activity of 
matrix metalloproteinases (MMPs), MMP2 or MMP9, which are the 
mediators of invasion and metastasis was also decreased. Similarly, a 
study on rat ascites hepatoma cells (AH109A) showed that 6-gingerol 
commenced the suppression of AH109A invasion at 50 μM concentra
tion. Furthermore, the ROS potentiated invasive activity of the cells 
pre-cultured with either hypoxanthine (HX) and xanthine oxidase (XO) 
or with hydrogen peroxide was inhibited by 6-gingerol at 20 μM con
centration (Yagihashi et al., 2008). 

Parallel to the previous study both 6-shogaol and 6-gingerol exerted 
anti-invasive activity against phorbol 12-myristate 13-acetate (PMA)- 
treated HepG2 and PMA-untreated Hep3B cells via decreasing the ac
tivity of matrix metalloproteinase (MMP)-9 and increasing the expres
sion of tissue inhibitor metalloproteinase protein (TIMP)-1. 
Additionally, 6-shogaol decreased the activity of urokinase-type plas
minogen activator (uPA) in Hep3B cells (Weng et al., 2010). 

Weng et al. (2012) further explored the underlying molecular 

Fig. 3. Signaling pathways targeted by Nonvolatile constituents of ginger (NVCG) 6- gingerol and/or 6-shogaol.  
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mechanism involved in the inhibition of invasion and metastasis by 
6-gingerol and 6-shogaol on Hepatocellular carcinoma (HCC) cells. The 
study reported that the inhibition of MAPK, PI3k/Akt pathways and the 
reduction of NF-κB and STAT3 activity resulted in decreased transcrip
tion of MMP-2/-9 and the expression of uPA. 

Another study examined the effect of 6-gingerol on tight junction 
(TJ) molecules and signal transduction pathways in human pancreatic 
duct cell-derived cancer cell line (PANC-1). TJ protein levels increased 
which correlated with a decrease in paracellular flux and matrix met
alloproteinase (MMP) activity in 6-gingerol-treated cells. Moreover 6- 
gingerol suppressed invasion and metastasis through inhibition of NF- 
κB/Snail via ERK pathway inhibition (Kim & Kim, 2013). 

5. Nano-therapeutic applications of ginger 

In order to enhance the drug bioavailability within the cells, tissues 
or both; a non-toxic and efficient carrier system for battered delivery is 
required. Nanoparticles are one such carriers where the drugs or natural 
compounds can be efficiently encapsulated (Khalil et al., 2016). Abdu 
et al. (2017) explored the previous concept and they found that Ginger 
encapsulated in poly-lactic-co-glycolic acid (GNPs) suppressed the 
initiation of colon cancer induced by 2,3,7,8-Tetracholorodibenzo-p-
dioxin (TCDD) in albino male rats via enhancing the level of the 
anti-oxidant enzymes such as superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx) and glutathione-S-transferase 
(GST). In addition, GNPs decreased the expression of cancer related 
genes such as Bcl2, Bax and p53 and lowered the necrotic/apoptotic rate 
in TCDD treated rats. 

Zhang, Viennois, et al. (2016) conducted a study for treating the 
inflammatory bowel disease (IBD) including crohn’s disease and ulcer
ative colitis using specific population of nanoparticles derived from 
edible ginger (GDNPs 2). Oral administration of GDNPs 2 to mouse co
litis models led to reduction of acute colitis, enhancement of intestinal 
repair, prevention of chronic colitis and colitis-associated cancer. This is 
measured by increasing the survival and proliferation of intestinal 
epithelial cells, reducing the pro-inflammatory cytokines (TNF-α, IL-6 
and IL-1β), and increasing the anti-inflammatory cytokines (IL-10 and 
IL-22) in mouse colitis models. 

Metals such as zinc, silver, copper and iron could also be used as 
nanoparticles. El-Refai et al. (2018) synthesized these metal -ginger 
nanoparticles and evaluated their anti-cancer effect against Caco 
(colorectal adenocarcinoma), HepG2 (liver cancer) and T47D (breast 
cancer) cell lines. The results suggested that among the metal-ginger 
combination, ginger-copper nanoparticle was found to be the most 
effective anticancer agent. 

Another recent study explored the cytotoxic and antioxidant effect of 
ginger extract-gold nanoparticles (AuNPs) on human follicular thyroid 
carcinoma, lymph node metastasis (FTC-133) cells. The results demon
strated that the antioxidant properties of the synthesized nanoparticles 
were effective. The High-content screening (HCS) assay showed that the 
nano ethanol extract had a toxic effect on FTC-133 cells at a dose- 
dependent manner. An increase in nuclear intensity, membrane 
permeability and cytochrome c were also observed in addition to 
decrease in cell viability and change in mitochondrial membrane po
tential (Ascar et al., 2019). 

Another effective method is to formulate nanoparticles of ginger or 
its bioactive constituents along with chemotherapeutic drugs to increase 
the cytotoxic effect on cancer cells. Manatunga et al. (2018) combined 
6-gingerol with doxorubicin using magnetically attractive hydroxyapa
tite (m-HAP) based alginate polymer bound nanocarrier (6-Gin-
Dox-m-HAP). Using the cell proliferation assays, fluorescence imaging 
and flow cytometric analysis for MCF7 and HepG2 cells showed that the 
drug loaded nanoparticles have more antiproliferative effect than their 
free counterparts. Moreover, the drug loaded nanoparticles when tested 
against non-targeted non-cancerous cells showed significantly reduced 
toxic effect. 

Ginger could also be used as a nanovector to load chemotherapeutic 
drugs. An earlier study explored the efficacy of ginger to be used as a 
nano-vector (GDNV) that is loaded with doxorubicin. The study 
demonstrated that targeting the delivery of Dox using GDNV conjugated 
with the targeting ligand folic acid (DOX-FA-GDNV) to Colon-26 tumors 
in vivo resulted in enhanced chemotherapeutic inhibition of tumor 
growth compared to free DOX thereby stipulating the role of ginger to 
act as nanovectors (Zhang, Xiao, et al., 2016). 

Micelles are another group of nanocarriers used for encapsulation of 
ginger. 6-Shogaol rich Ginger oleoresin (6-SRGO) was incorporated into 
mixed micelles using phospholipid (Soya Lecithin S80) and sodium 
cholate hydrated (SCH) to prepare 6-SRGO loaded mixed micelles (6- 
SRGO-LMM). When 6-SRGO-LMM tested in vitro against MCF7, the re
sults revealed that 6-SRGO-LMM had a better growth inhibition in 
comparison to 6-SRGO alone. Treatment of mice carrying dalton’s as
citic lymphoma (DAL) cells with 6-SRGO-LMM exhibited a better life 
span in comparison to free 6-SRGO (Kiran et al., 2018). A similar finding 
was reported when micelles of a Poly ethylene glycol derivative of 
linoleic acid (mPEG2k-LA) were prepared to load 6-shogaol. 6-shogoal 
loaded micelles (SM) were found to be more cytotoxic for HePG2 cells 
than free 6-shogaol in vitro. Intriguingly, SM also showed a better 
hepatoprotective effect against carbon tetrachloride (CCl4)-induced 
hepatic injury than free 6-shogaol in vivo (Zhang et al., 2019). These 
studies show that using nanocarriers to load ginger constituents or using 
ginger coupled nanoparticles act as an efficient strategy for drug 
delivery. 

6. Safety and risky factors of ginger 

Ginger as per U.S. Food and Drug Administration (FDA) is generally 
considered to be a safe food additive. However, there are few articles 
that have reported some problems associated with ginger or with its 
constituents. A study showed that the mutagenesis ability of 2(2-furyl)-3 
(5-nitro-2-fury) acryl amide (AF2) or N-methyl-N′-nitro-N-nitro
soguanidine (NTG) was increased when rhizome juice of ginger was 
added. The same study also identified that 6-gingerol was the active 
component that caused this mutagenic effect (Nakamura & Yamamoto, 
1982) while 6-shogaol was found to be less mutagenic in comparison to 
6-gingerol (Nakamura & Yamamoto, 1983). However, there has not 
been any recent report or studies suggesting the mutagenic character
istics of ginger. 

A standardized ethanol extract of dry rhizomes of ginger at a dose of 
100 mg/kg was given to Normal male Wistar rats and the results sug
gested that there is no effect on blood glucose, blood coagulation (native 
as well as warfarin prolonged), systolic blood pressure or heart rate in 
rats (Weidner & Sigwart, 2000). 

An observational study in humans examined pregnant women who 
took ginger in their first trimester and compared them to women 
exposed to nonteratogenic drugs that were not antiemetic drugs. The 
results suggested that the ginger group did not increase the rate of major 
malformations above the baseline rate of 1%–3% (Portnoi et al., 2003). 
A case study by Stanisiere et al. (2018) on ginger consumption in early 
pregnancy to reduce nausea and vomiting mentioned that factors such as 
the quality of ginger, the transformation process (powder, extract, oils, 
etc.) and the relative standardization should be taken in to consideration 
before attributing the safe tag for ginger. 

Moreover, in an earlier study to evaluate the toxicity of ginger, 35- 
day toxicity study was conducted on male and female Sprague–Daw
ley rats where they were treated with ginger powder at a dosage of 500, 
1000 and 2000 mg/kg body weight for 35 days by oral gavage method. 
The results demonstrated no association of mortality and abnormality in 
general conditions, behavior, growth, and food-water consumption. 
Except for a decrease in serum lactate dehydrogenase activity in males in 
a dose-dependent manner and slightly reduced absolute and relative 
weights of testes at high dose (2000 mg/kg), no overt organ abnormality 
was reported. The hematological and blood biochemical parameters 
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were also reported to be similar to that of the control groups (Rong et al., 
2009). A supportive evidence was provided in recent reports mentioning 
that at normal doses (up to 2 gm of ginger daily) there is no interference 
with blood clotting or individual coagulation parameters (Supu et al., 
2019). Overall, these reports suggest that consumption of ginger appears 
to be safe with minimal side effects. 

7. Conclusion 

Ginger has been in the field of research from time immemorial. The 
multidimensional medicinal properties of ginger have made it a versatile 
natural compound to treat several diseases. This review exhibited the 
medicinal applications of ginger and its bioactive components, 6 gin
gerol and 6-shogaol, as therapeutic agents or adjuvant therapy. In 
Cancer, the bioactive constituents of ginger exert their therapeutic 
function by regulating different cancer cell signaling pathways, which 
leads to programmed cell death. In addition, the bioactive components 
participated in the nanotechnology field as a natural, nontoxic delivery 
system, to either treat irritable bowel diseases (IBD) and colitis associ
ated cancer, or to load the chemotherpeutic drugs to increase the 
cytotoxic effect on cancer cells. Most of the research conducted so far is 
either in-vitro or in-vivo using experimental animals. Hence, there is a 
need for well controlled human studies to authenticate its efficacy. 
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