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ABSTRACT

Plants are one of the important and valuable sources in the preparation of medicines, both
in traditional medicine and in the form of pure products. Ginger is obtained from a yellow plant
with purple veins with the scientific name Zingiber officinale. Although ginger is usually referred
to as the root of the plant, actually the part used is the swollen underground stem called the
rhizome. The aroma and flavor of ginger are due to the presence of two types of volatile oils and
non-volatile pungent compounds. The biologically active components of ginger are classified
in the second category, among the most important molecules in this category, are gingerol and
shogaol, which cause a pungent sensation in the mouth. Most properties of ginger are attributed
to non-volatile components with a spicy taste. The properties of these substances can be reduced
blood sugar, weight loss, increased blood insulin, effect on blood coagulation, effect on blood
pressure, reduction of complications of gastrointestinal diseases, reduction of nausea caused by
pregnancy, or the use of chemotherapy drugs, the protective effect of the tissue against chemical
and radio damage with anti-inflammatory properties, antioxidant properties, antibacterial and
antifungal properties, especially Candida albicans, anti-cancer properties through antioxidant
and anti-inflammatory properties.

This study aimed to describe the ginger plant and its active ingredients and some features
including anti-inflammatory effects, anti-oxidative effects, anti-cancer effects, and so on.

Keyworps: medicinal plants, ginger, antioxidant, anticancer.

INTRODUCTION

Ginger is known as a spice and medicinal plant.
In China, this plant has been used as a flavoring
and antifungal agent for more than 2500 years.
Ginger is obtained from a yellow plant with purple
veins. Although ginger is usually referred to as the
root of the plant, in fact, the part used is its swollen
underground stem, which is called the rhizome

[Sharifi-Rad M et al., 2017]. Ginger has been used
since ancient times and still plays an important
medicinal role in traditional Chinese medicine. In
ancient Iran, this plant was also known as Shangvir
and had medicinal uses. And it was sent from Iran
and Arab countries to Western countries. In the
West, a Greek physician first recorded the medical
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use of ginger in the first century AD [Khodaie L,
Sadeghpoor O, 2015]. Ginger has been widely
used in spices and medicinals for centuries. For
example, it has been used to treat colds, rheuma-
tism, neurological diseases, gingivitis, toothache,
asthma, stroke, constipation, and diabetes [Reddy
Y et al., 2014]. Studies show that ginger is still
popular as a spice and medicinal plant [Anh N et
al., 2020]. Many studies have been devoted to spe-
cific aspects of the therapeutic properties of gin-
ger, for example, the study on the use of ginger as
an anti-inflammatory agent for cancer prevention
or as an anti-nausea agent [Prakash J, 2019;
Mashabela M, Otang-Mbeng W, 2023]. The smell
of ginger is related to the volatile oils in it, which
include 1 to 4% of it. About 51 components have
been identified in these oils, which are generally
monoterpenoids. Some of these volatile oils smell
less after drying [Cimino C et al., 2021]. The spic-
iness of fresh and wet ginger is due to gingerol,
which is a homolog of phenol. The spiciness of
dried ginger is due to shogaols, which are caused
by the dehydration of gingerols. In another experi-
ment on ginger 63 compounds were isolated, and
31 of them, were previously identified [Wohlmuth
H et al., 2005].

In traditional medicine, ginger is recommended
to reduce gastrointestinal problems and is also
used for anti-nausea due to its direct cholinergic
antagonism, which compounds such as gingerol
and shogaol inhibit serotonin. Researchers also
found in laboratory conditions that gingerol can
reduce stomach ulcers and stomach cancer by re-
ducing Helicobacter pylori [Pertz H et al., 2011;
Lete I, Allué J, 2016]. It was found that ginger ef-
fectively improves digestion and stimulates the
peristalsis movements of the intestines and diges-
tive system [Nikkhah Bodagh M et al., 2019]. The
antimicrobial activity of ginger powder has been
determined against Salmonella, Escherichia coli,
Candida albicans, Shigella, and Cryptococcus neo-
formans species [Liu Q et al., 2017]. In very exten-
sive research conducted on ginger oil; they con-
cluded that ginger oil cures many bacterial and
fungal diseases. The effect of volatile oils on
pathogenic agents shows their different chemical
composition compared to pathogenic agents. In an-
other study, it was found that 10-gingerols and
6-gingerdiol were introduced as the main antifun-

gal agents [Kalhoro M et al., 2022]. Ginger has an-
timicrobial properties against Pseudomonas aeru-
ginosa, Salmonella typhimurium, Escherichia coli,
and Candida albicans. Also, the antifungal prop-
erty of ginger, which is mainly due to gingerol, is
important. Also, ginger has anthelmintic proper-
ties. Ginger has strong antioxidant properties
against oxidation and has a protective effect against
ultraviolet radiation [Rahmani A et al., 2014;
Aghazadeh M et al., 2016]. The anti-inflammatory
properties of ginger have been noticed for centu-
ries, which were first reported to inhibit prosta-
glandin synthesis. Research has shown that ginger
has anti-inflammatory properties and later it was
found that two ginger compounds that mimic the
properties of non-steroidal anti-inflammatory
drugs in human leukocytes [Grzanna R et al.,
2005]. More recent research showed that gingerols
are very active in inhibiting both prostaglandins
and leukotrienes [Kiuchi F et al., 1992; Yicel C et
al., 2022]. Essential oils exert their immune sys-
tem through antioxidant properties. Free radicals,
which are created especially in stressful condi-
tions, are short-lived compounds that have a great
tendency to chemically react with free electrons
and subsequently leave destructive effects on tis-
sues [Martemucci G et al., 2022]. This study aimed
to describe the ginger plant and its active ingredi-
ents and some features including anti-inflamma-
tory effects, anti-oxidative effects, anti-cancer ef-
fects, and so on.

Introducing the ginger plant and its active in-
gredients: Ginger belongs to the family of flower-
ing plants Zingiberaceae, whose root or rhizome is
a very widely used herbal spice due to its aromatic
and spicy taste. There are evidences that show that
this plant has been used medicinally in China and
India around 5000 years ago [Kumar K et al.,
2013]. Ginger is traditionally used against diseases
such as cholera, colds, diarrhea, nausea and ab-
dominal pain, back pain, toothache, bleeding, high
blood pressure, and chronic inflammatory arthritis
rheumatoid [Craig E, Cappelli L, 2018; Ballester
P et al., 2022]. In addition, in African folk medi-
cine, this substance is used as a carminative, di-
uretic, and anti-inflammatory herbal remedy [Afzal
M et al., 2001], and in Iranian traditional medicine,
it was also used to treat nervous system diseases
such as epilepsy, paralysis or stroke [Khodaie L,
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Sadeghpoor O, 2015]. In addition, ginger is used
as a traditional herbal medicinal product for the
treatment of mild and spasmodic gastrointestinal
disorders, including flatulence. As a plant, it was
found that ginger as a medicinal plant has anti-can-
cer, antioxidant, anti-inflammatory, antimicrobial,
neuroprotective effects, protective effects on the
heart and blood vessels, protective effects on the
respiratory system, anti-obesity, anti-diabetes,
anti-nausea and anti-vomiting [Mao Q et al., 2019].

Ginger is rich in various chemical compounds
including phenolic compounds, terpenes, polysac-
charides, lipids, organic acids, and crude fibers.
Among the essential elements found in ginger, we
can mention manganese, copper, selenium, and
zinc [Akhlaghi N, Najafpour-Darzi G, 2023]. This
plant even contains small amounts of toxic ele-
ments such as cadmium, lead, and nickel. The
health benefits of ginger are mainly attributed to
its phenolic compounds such as gingerols and
shogaols, which constitute approximately 1-3% of
its weight [Getaneh A et al., 2021; Dinu C et al.,
2021]. Chagols as spicy compounds in ginger are
chemically similar to gingerol. The most common
and main of this group is 6-shogaol. 6-shogaol is
the dehydrated form of 6-gingerol and is produced
when ginger is dried or cooked, the structure of
both of which is shown in figure 1. In addition,
shogaol (and gingerol) transforms into other sub-
stances over time with heat, which is why ginger
loses its spicy when cooked. Compared to other
spicy compounds, shogaol is relatively hotter than
piperine, but less so than capsaicin [Jung M et al.,
2018]. It has been reported that shogaols show
stronger bioactive properties such as inhibiting
free radicals, anti-inflammatory effects, and anti-
cancer effects than gingerols [Bischoff-Kont I,
First R, 2021].

Anti-inflammatory effects of ginger and its
compounds: Interest in studying the medicinal ef-
fects of ginger and its compounds such as 6-shogaol
on pathological conditions has increased in the last
few decades. Recent studies show that substances
derived from ginger not only have an effect on dia-
betes, asthma, metabolic syndrome, and cancer but
also has anti-inflammatory potential [Ali B et al.,
2005; 2008]. The anti-inflammatory effects of gin-
ger date back to the 1980s. In 1989, a study by
Mascolo et al showed that oral administration of
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FIGure 1. The source, chemical structure and effects of
6-shogaol and 6-gingerol. Two effective substances,
shogaol and gingerol, are obtained from the rhizome of
the ginger plant, which have anti-cancer, anti-inflam-
matory, antioxidant and antibacterial properties

the ginger extract at doses of 50 and 100 mg/kg
reduced carrageenan-induced paw edema (carra-
geenan: a gum extracted from red seaweed) in rats
by 22 and 38%, respectively. Although these stud-
ies provide promising evidence that 6-shogaol can
be classified as an anti-inflammatory agent, the
exact mechanism of its effect has not yet been de-
termined [Mashhadi N et al., 2013; Mehrzadi S et
al., 2021]. One of the anti-inflammatory effects of
ginger, which has been widely studied, is the effect
of ginger on rheumatism.

Ginger and seasonal rheumatism: Seasonal
rheumatism or rheumatoid arthritis is an autoim-
mune disease associated with chronic joint inflam-
mation and irreversible bone destruction. The
symptoms of this disease include the loss of physi-
cal movements and cardiovascular, pulmonary,
physiological, and skeletal disorders. A recent epi-
demiological study shows that about 1% of people
worldwide currently have rheumatoid arthritis. In
all populations, the disease is more common among
women than men [Cadena J et al., 2003; Tanaka Y,
2020]. Two factors are considered in the treatment
of this disease, which include drugs and changes in
the person’s lifestyle. Among the current drugs for
the treatment of seasonal rheumatism, non-steroi-
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dal anti-inflammatory drugs can be mentioned. For
example, salicylic acid and steroids (usually corti-
sone injections). Although these drugs reduce pain,
they are unable to repair damaged tissues. And
while there is a wide range of medications avail-
able to manage pain and slow the progression of
rheumatoid arthritis, no single drug is known to
completely cure the disease [Dennison E, Cooper
C, 1998; Mohn E et al., 2018]. In addition, gastric
ulcer is a side effect of regular use of non-steroidal
anti-inflammatory drugs, and adrenal suppression
by steroids in rheumatoid arthritis patients
[Eamlamnam K et al., 2006] these adverse side ef-
fects often force patients to look for complemen-
tary and alternative medicines [Sostres C et al.,
2010]. Herbal medicines can be an alternative
source of symptom relief in patients with seasonal
rheumatism. Among all the studied plants, it has
been observed that the two compounds of shogaol
and gingerol in ginger play a central role in reduc-
ing unbearable pain and inflammation associated
with this disease [Al-Nahain A et al., 2014]. In all
the experiments conducted by a wide range of sci-
entists, it has been observed that ginger and its
compounds, both in the form of edible extract and
in the form of oil, have anti-inflammatory effects
in rheumatoid arthritis and they cause this effect
by inhibiting the synthesis of prostaglandins and
the biosynthesis of leukotrienes.

Anti-oxidative effects: Excessive production of
free radicals, such as reactive oxygen species,
plays an important role in causing many chronic
diseases. All kinds of natural products have anti-
oxidant potentials, such as vegetables, fruits, food
flowers, grains, medicinal plants, and herbal ex-
tracts [Lobo et al., 2010; Xu et al., 2017]. Mean-
while, ginger contains several antioxidant com-
pounds such as vitamin C, vitamin E, beta-caro-
tene, lutein, lycopene, quercetin, genistein, and
tannin [de Lima et al., 2018]. Ginger and its bioac-
tive compounds such as 6-shogaol target antioxi-
dant activity through the Nrf2 signaling pathway.
Nrf2 is a transcription factor that under normal
conditions binds to a repressor protein called
Keapl, which causes proteasomal degradation of
Nrf2. When the cell is exposed to oxidative stress
and high amounts of reactive oxygen species, the
oxidation of key cysteine residues in the Keapl
protein increases, and these structural changes

weaken the binding ability of Keapl to Nrf2.
Therefore, the interaction between Keapl and Nrf2
is separated and leads to the reduction of proteoso-
mal degradation of Nrf2. Then the transcription
factor Nrf2 is transported into the nucleus. After
Nrf2 is transferred into the nucleus, it forms a het-
erodimer with small musculoaponeurotic fibrosar-
coma proteins and binds to the antioxidant re-
sponse element sequence in the promoter of the
target genes, and activates the transcription of the
target genes [Chen H et al., 2014]. The target genes
cause the synthesis of antioxidant enzymes, in-
cluding:

1) Superoxide dismutase (SOD) enzyme, of
which three forms are known in humans: SOD1,
which is found in the cytoplasm, SOD2, which is
present in the mitochondria, and SOD3, which is in
the extracellular space. SOD enzyme is the first
line of defense against oxidative stress and cata-
lyzes the dismutation of superoxide anion into ox-
ygen molecules and hydrogen peroxide;

2) Catalase enzyme is one of the important in-
tracellular antioxidant enzymes that act in the de-
composition of hydrogen peroxide into water and
oxygen;

3) Peroxiredoxin enzyme, which is involved in
the destruction of hydrogen peroxide and per-
oxynitrite;

4) The enzyme heme oxygenase, which cata-
lyzes the rate-limiting step of heme catabolism and
plays a role in breaking down heme into iron, car-
bon monoxide, and bilirubin.

5) NADPH quinone oxidoreductase enzyme re-
duces quinone to hydroquinone and thus prevents
the formation of free radicals caused by quinone
derivatives.

6) The glutathione system is one of the most
important antioxidant systems for many types of
tissues in the body. Glutathione can remove a vari-
ety of oxidative species such as superoxide, hy-
droxyl radical, and peroxynitrite. In addition,
6-gingerol-rich fractions in ginger can reduce
H202 and malondialdehyde levels, increase anti-
oxidant activity, and increase glutathione in mice
with oxidative damage caused by chlorpyrifos (a
chemical that kills pests) [Fukai T, Ushio-Fukai M,
2011; Peng S et al., 2015; Abolaji AO et al., 2017;
Wang Y et al., 2018]. The influence of shogaol on
the Nrf2 athway is illustrated in figure 2.
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Frcure 2. Effects of 6-shogaol on the Nfr2 pathway in
the cell. The active ingredient 6-shogaol can enter the
cell and cause the Nrf2 molecule to separate from the
Keapl molecule. The released Nrf2 molecule enters the
nucleus and, with the help of musculoaponeurotic fibro-
sarcoma, binds to antioxidant response elements lo-
cated upstream of antioxidant genes and causes the
transcription of antioxidant genes such as catalase,
NQO1, superoxide dismutase, and peroxiredoxins
(Prxs).

Anti-cancer effects: Cancer is the leading cause
of death and approximately 9.6 million deaths in
2018 were due to cancer. Many studies have shown
that natural products such as fruits and medicinal
plants have anticancer activity. Recently, ginger
and a special compound in it called 6-gingerol
have been investigated for their anticancer proper-
ties against different types of cancer such as breast,
cervical, colorectal, and prostate cancer whose
mechanisms of action include inhibition of prolif-
eration and induction of apoptosis in cancer. There-
fore, the use of ginger as a complementary medi-
cine is very effective in cancer. Also, when receiv-
ing chemotherapy, ginger may reduce some of the
symptoms of treatment (e.g., nausea) [Tahir A et
al., 2015; Liu C et al., 2017; Singh N, Yadav S,
2022]. As we know, cancer cells are resistant to
apoptosis. Research has shown that 6-gingerol pre-
vents inhibition of this pathway in cancer cells and
induces apoptosis. 6-gingerol stimulates P53 by
affecting reactive oxygen species. P53 activates
Bax and inhibits Bcl-2 and Bcl-xL (apoptotic in-
hibitory proteins) to initiate apoptosis from the in-

tracellular pathway. Bax then forms an oligomer
and forms a channel on the mitochondrial outer
membrane. Cytochrome C proteins that exist in the
outer membrane of the mitochondria are released
into the cytosol through this channel and are con-
nected to the adapter protein called Apaf and form
a cartwheel-like structure called the apoptosome.
The apoptosome complex activates caspase, the
initiator of the intracellular pathway called caspase
9. The initial caspase eventually activates its
downstream caspases, caspases 3 and 7, which are
the executive caspases. Executive caspases cause
the degradation of intracellular proteins and finally
cell death. In addition to the mentioned pathway,
6-gingerol can trigger apoptosis by inhibiting the
pathway that causes the proteasomal degradation
of P53. In normal cell conditions, the phosphoryla-
tion of epidermal growth factor receptors causes
the conversion of Src to phosphorylated Src. Phos-
phorylated Src then phosphorylates STAT3. Phos-
phorylated STATs are connected in the form of di-
mers and are connected to the MDM2 gene pro-
moter in the cell nucleus and cause the transcrip-
tion of this protein. MDM2 then moves to the cyto-
plasm and is phosphorylated there. MDM2 cannot
bind to p53 in a phosphorylated state. As a result,
P53 is ubiquitinated and degraded by the protea-
some [Park Y et al., 2006; Sp N et al., 2021].
Antimicrobial effects: The spread of bacterial,
fungal, and viral infectious diseases has been a
public threat due to antimicrobial resistance. Sev-
eral plants and spices have been developed as ef-
fective natural antimicrobial agents against many
pathogenic microorganisms [Awan UA et al.,
2017]. In recent years, it has been reported that
ginger has antibacterial, antifungal, and antiviral
activities [Nassan M, Mohamed E, 2014; Moon Y
et al., 2018]. Observations have shown that ginger
prevents the growth of the Pseudomonas aerugi-
nosa strain, which is resistant to several drugs, by
affecting the integrity of the membrane and pre-
venting the formation of biofilm [Chakotiya A et
al., 2017]. According to an experimental study, the
development of caries caused by Streptococcus
mutans was reduced in a group of mice [Kim H,
Park H, 2013]. The compounds in ginger essential
oil have lipophilic properties. These compounds
make the cell wall as well as the cytoplasmic mem-
brane more permeable and destroy the integrity of
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the membrane in fungi [Nerilo S et al., 2016]. An
experimental study has shown that ginger essential
oil effectively prevents the growth of Fusarium
verticillioides by reducing ergosterol biosynthesis
and negatively affecting membrane integrity. In
addition, ginger essential oil has been effective in
suppressing the growth of Aspergillus flavus as
well as the production of aflatoxin and ergosterol.

Analgesic effects: Pain is an unpleasant signal
when an injury or damage occurs. This sensation is
a complex experience that varies greatly from per-
son to person and even between people with simi-
lar injuries or illnesses. The amount of pain can be
very mild, almost undetectable, or explosive. Pain
in different forms such as acute and chronic pain,
neuropathic, inflammatory, and cancer pain [Chen
Jetal., 2021]. Different types of pain relievers are
used to manage different types of pain. Meanwhile,
opioids and non-steroidal anti-inflammatory drugs
are one of the most widely used pain relievers in
the world but both opioids and non-steroidal anti-
inflammatory drugs have side effects such as hor-
mone imbalance, drug dependence, nausea, indi-
gestion, and peptic ulcer [Slater D et al., 2010;
Castellsague J et al., 2012]. Therefore, finding an
optimal painkiller that has no side effects or fewer
side effects than the currently used painkillers is
needed. In a study, by analyzing 16 studies for the
effect of 6-shogaol and 6-gingerol on mechanical,
spontaneous, and thermal pain caused by nerve
damage or chemical injection in rodents, it was ob-
served that despite being a low amount of its dose,
ginger is effective on different types of pain. Also,
prescribing it with non-steroidal anti-inflamma-
tory drugs has reduced migraine attacks. A clinical
report has shown that osteoarthritis patients who
received both ginger extract and ibuprofen experi-
enced significant pain reduction. In addition, the
aqueous extract of ginger effectively reduces neu-
ropathic pain caused by chemotherapy [Kim S et
al., 2022].

Ginger and testosterone: Increasing and pro-
tecting testosterone production is one of the goals
of many scientists because of its important role as
a primary sex hormone in men [Kelly D, Jones T,
2013]. Since 1991, various in vivo studies have
discovered the relationship between ginger and
testosterone. The results of these studies showed
that ginger increases testosterone production in

men, especially under conditions of oxidative
stress. Another study on diabetic and hypertensive
mouse models showed that the group of mice ex-
posed to ginger and its extracts had higher serum
testosterone levels than the control group. While
the compounds derived from ginger (zingerone,
geraniol and 6-gingerol), when taken separately,
did not affect serum testosterone levels in diabetic
rats. Also, another study was conducted on male
rats that were under the influence of drugs that
lead to reproductive toxicity, to show the effect of
ginger in improving testosterone levels in these
rats. These toxins were often chemical compounds
(such as aluminum chloride, and sodium metabi-
sulfite), metals (such as lead), or drugs. Examples
of drugs used in this field that can cause reproduc-
tive toxicity include lamotrigine (antiepileptic
drugs), cyclophosphamide (anticancer drugs), bu-
sulfan (anticancer drugs), and carbendazim (fungal
drugs). In general, all of these studied poisons re-
duced testosterone levels in experimental animals,
and ginger as a complementary medicine counter-
acted this reduction [Banihani S, 2018; Almatroodi
Setal., 2021].

CONCLUSION

The use of traditional and native plants as com-
plementary medicine has increased in the world in
recent years. Today, all over the world, the use of
medicinal plants is used to treat and prevent a wide
range of disorders. Herbal medicines have at-
tracted the attention of many specialists and re-
searchers due to having rich and effective compo-
nents, less toxicity, and side effects compared to
conventional drugs.

In this article, the therapeutic uses of ginger as
one of the most widely used medicinal plants in the
treatment of diseases were described. Considering
that the ginger plant has many uses in traditional
medicine in the treatment of diseases, and on the
other hand, today’s modern science also discovers
the mechanisms related to the useful components
of this plant in the control of disorders such as can-
cer, inflammation, digestive disorders, oxidative
stress, the pain, and bacterial infections confirm
this issue. Therefore, it is suggested to use this
plant as a medicinal plant, following the consider-
ations related to the recommended dosage and du-
ration of use.
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