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ABSTRACT
Introduction: Ginseng has been used since ancient times, for its medicinal
properties. This plant comes from the genus Panax, and the most
representative species are Panax quinquefolium, Panax ginseng, and Panax
notoginseng. Methods: In this research, database, books and scientific
articles were reviewed from 1999 to 2019, using the following descriptors:
Panax, ginsenosides and adaptogens. Results: These plants active components are saponins, known as ginsenosides, and can be classified according
to their chemical structure. These are found in different proportions according
to the different Panax species. Conclusion: Ginseng is used due to its
adaptogenic properties. It also can be used to treat cardiovascular and
neurological diseases and to counteract inflammation, cancer, and sexual

impotence. Finally, some adverse effects are presented, and formulations
containing ginseng are detailed.
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INTRODUCTION
The ginseng plant has been known since prehistoric times. The first
information reported was about 5,500 years ago by emperor Yan in
China, who provided information on several medicinal plants. That
information was passed verbally to subsequent generations, and ginseng
was one of these plants. This information was later compiled during
502-557 A.D. by Tao Hongjing in the book Shennong Bencao Jing.
Ginseng is also mentioned in the book Jijuzhang written by Shi You in
48 B.C. Different prescriptions for this plant are described in Treatise on
Fevers between 196-200 B.C.1
The name Panax in Greek means “cure everything”; since pan refers
to everything and axos medicine. On the other hand, ginseng comes
from the Chinese jen shen, which means “sacred root of man”; Since it
is shaped like a human. It is important to emphasize that this is the part
of the plant with medicinal properties. Also, this plant is known as the
king of all herbs.2,3
Ginseng has traditionally been known in the East as a miraculous
medicinal plant. It has been classified as the most valuable medicinal
herb. The eastern population has used this plant as a revitalizer for the
body and mind to increase strength and prevent aging.4
Ginseng is a short and lively perennial herbaceous plant with branches
that can reach 50 cm. The leaves are webbed with five leaflets, the flowers
are white, and they are grouped in umbels. It has a fruit that is small and
red that contains two seeds. The root is the most used part of the plant.
It is cylindrical/fusiform and is divided into several branches that give a
human appearance. The roots are fragile and break easily because of their
large dimensions.5
Ginseng botanical classification is as follows: Phylum: Embryophyta
Siphonogama, Subphylum: Angiospermae, Class: Dicotyledoneae,
Subclass: Archichlamydeae, Order: Umbelliflorae, Family: Araliaceae,
and Genus: Panax.6 Siberian or Russian ginseng belongs to the same
family, but not the same genus. The genus Eleutherococcus is considered
a completely separate drug, and it is not possible to guarantee both
species present the same pharmacological characteristics.7
Apart from being one of the most important agricultural products in
Asian countries such as Korea, China, and Vietnam, ginseng has
become a high-value product in places like Russia, Canada, and the
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United States.8 The most representative species of this genus are Panax
quinquefolius, a species native to North America, cultivated mainly in
Wisconsin. P. ginseng is the original species from Korea, China, and Asia
in general. Panax pseudoginseng, better known as P. notoginseng, is also
found in Korea, China, and Japan. There is also the P. japonicus variety,
also known as Japanese ginseng. The Eleutherococcus senticosus,
mentioned above, is Siberian ginseng. It is not considered true ginseng
since it does not come from the same genus. Furthermore, this plant
does not contain ginsenosides (pharmacologically active compounds of
ginseng) but instead contains eleutheroside substances.9
After a phylogenetic analysis, it was discovered P. quinquefolius is the one
that differs the most from all the species since it has a higher nucleotide
substitution rate. However, almost zero variation was identified between
the P. ginseng and P. japonicus species. It was determined that the
P. notoginseng variety diversified from the P. ginseng species more than
1.3 million years ago, while P. quinquefolius differed from this same
species, thanks to the adaptation to the American continent, no more
than 0.29 million years.10

METHODS
In this research, books and scientific articles were reviewed from 1999 to
2019, using the following descriptors: Panax, ginsenosides and adaptogens.
The review was performed using EBSCO, Google Scholar, PubMed,
Springer, JSTOR and Science Direct with both English a non-English
references.

COMPONENTS
Approximately 200 components of P. ginseng have been isolated, and
100 of them from P. quinquefolius and P. notoginseng. Among all these
components, are the carbohydrates (polysaccharides) polyacetylenes,
peptides, amino acids, and saponins.11
Although carbohydrates are not the main active components of ginseng,
they are the components with a higher proportion, accounting for
60-70% of the mass. The sucrose content, for example, can vary between
11-20% depending on the plant growth stage. Regardless, it has been seen
that the P. ginseng and P. quinquefolius varieties have similar amounts,
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while P.notoginseng has a lower content. On the other hand, the glucose
and maltose content is constant during the plant’s growth process. The
content of amino acids is qualitatively the same in all species. However,
there is a variation in the number of free amino acids in P. ginseng, and
the percentage is higher.12
The main active components of ginseng are saponins, which are also
called ginsenosides. These are found mainly in the root and vary in
percentage depending on the variety of ginseng; P. ginseng has 4.8-5.2%,
P. quinquefolius 7.0-7.3%, and P. notoginseng has 9.8%.12
Ginsenosides are derived from three triterpenic genins; two of these,
when cyclized, form a tetracycle and the other a pentacycle. Tetracycles
are dammaran molecules and are divided into protopanaxadiol (PD)
and protopanaxatriol (PT). Another way to classify dammaran-type
saponins is by considering their chemical configuration in C20, dividing
them into 20 (S) and 20 (R) types. It is relevant to note that most ginseng
plant saponins are from type 20 (S).13 The pentacycle derived from these
genins is the oleanic acid.14,15 Ginsenosides are mainly derived from PD
and PT, except for Ro ginsenoside, which comes from oleanic acid.7

PHARMACOLOGICAL USES
Ginseng is widely used for its promising healing and restorative properties.
The studies related to this plant are currently focused on individual and
purified ginsenosides to study a possible action mechanism in different
diseases and conditions.16 The pharmacological activity of the ginsenosides depends on the diversity and the position of their sugar residues.
For this reason, different ginsenosides have different effects, and each
of them can cause several responses on the same tissue, evidencing the
pharmacology of these compounds is complex.17

Adaptogenic property
Adaptogens are natural substances that help the body adapt to stress,
support the body’s metabolic functions, and restore systemic balance.
These substances also increase the body’s resistance to physical, chemical,
biological, and environmental stressors. The adaptogens effects are
achieved by maintaining the endocrine hormones in an adequate
balance, modulating the immune and nervous system, and allowing the
body to have adequate homeostasis.18 The adaptogenic effect of ginseng
becomes important when the body maintains a decreased resistance or
encounters additional demands.19
The adrenal glands execute different responses to each type of stress,
whether physical, biochemical, external, or mental. However, when
adrenal hormones secretion is not enough for the physiological
compensation, adrenal fatigue may appear, which quickly becomes
metabolic syndrome, meaning that glands might still be working, but
lose their ability to maintain homeostasis.20
In these cases, adaptogens, such as ginseng, can increase the adrenal
glands’ secretion efficiency. On the other hand, ginsenosides can inhibit
compounds such as 11-beta hydroxysteroid-dehydrogenase-1, helping to
catalyze stress hormones’ degradation to active compounds. They also
increase cellular energy levels and prevent oxidative damage, maintaining
normal adrenal function.20

Cardiovascular diseases
One of the main uses of ginseng is to treat cardiovascular diseases. The
National Health Interview Survey conducted in 2002 indicated ginseng
is a herbal therapy commonly used by the general population to treat
diseases such as hypertension, coronary heart disease, and vascular
insufficiency. The survey results indicate an 80% of people using ginseng
to the mentioned conditions saw beneficial effects.21
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The cardioprotection of ginsenosides, such as the Re-type, is attributed
to a toxicity reduction induced by hydrogen peroxide in myocardial cells,
showing its antioxidant properties. Another mechanism of Re ginsenoside is the increase of nitric oxide (NO) endothelial production due to
the activation of eNOS occurs. The NO release occurs by non-genomic
routes and involves steroidal receptors, such as glucocorticoid receptors,
which lead to the activation of potassium channels, activating cardiomyocytes, and preventing acute injuries, ischemia, and reperfusion.16,22
Since these saponins have a similar structure to cardiac glycosides, they
can bind to the Na-K-ATPase α subunit, contributing to cardiac
contractility. However, not all ginsenosides have cardiotonic activity.
Those capable of influencing muscle contraction have sugar residues
attached to carbons 3, 6, or 20. Inhibition of the Na-K-ATPase α subunit
occurs when the sugar is linked to only the C3 position, but when it
is attached to C6 or C20, the inhibitory effect over the Na-K-ATPase α
subunit is suppressed.23
Another useful ginsenosides mechanism in heart disease is presented by
Rg3, which inhibits platelet aggregation, modulating signaling components
such as cyclic adenosine monophosphate and extracellular signal-regulated
kinase.16 Protopanaxatriol-type ginsenosides also affect hemin-induced
hemolysis, and this effect depends on the interaction that occurs with the
sugar residues in the different positions.24 Another way platelet inhibition
is contributed is by decreasing leukocyte adhesion to the vein wall, mast
cell degranulation, and cytokine release.

Neurological diseases
Among the uses given to ginseng are neurological disorders. This plant
has been used to treat both acute and chronic neurological diseases, and
its foundation is the maintenance of homeostasis, the attenuation of
inflammatory mediators, and the suppression of oxidative stress, among
others.25
An ischemic brain injury leads to apoptosis and necrosis of nerve cells,
leading to strokes. Currently, there are few therapeutic alternatives for
patients with this condition. The ginsenosides are a promising alternative.
Rb1 can increase neuronal cell survival and delay cell death caused by
transient forebrain ischemia. This ginsenoside can also decrease cortical
neurons’ apoptosis since it negatively regulates the nuclear factor-kappa
B / NO.26,27
Another ginsenoside that has been studied as a neuroprotective is Rd.
After a stroke, Rd prolongs neural cells survival through several mechanisms, including protein tyrosine kinase activation, positive regulation
of the endogenous antioxidant system, preservation of membrane
potential, the cytochrome c expression factor reduction and, the apoptosis
inducer factor reduction.26
The ginsenoside Rg1 is also efficient in neuroprotection due to the effects
in the nervous expression improvement related to apoptosis reduction
and the increase in both enolase-positive neuron cells and glial fibrillary
acidic protein-positive cells. Rg1 increase also Bcl-2 levels and decrease
Bax protein levels.27 The Bcl-2 is a protein that controls apoptosis by
inhibiting cytochrome c expression and reversing Bax protein effects,
which is pro-apoptotic.28
Although ginseng extracts have been the target of study for multiple
neurodegenerative diseases, Parkinson’s disease has more evidence and
information supporting its use. It has been shown that, for example,
ginsenoside Rb1 confers cytoprotection to human dopamine cells
against oxidative stress caused by 6-hydroxydopamine by increasing the
expression of hemeoxygenase-1 through an estrogen receptor, it also
significantly reduces caspase-3.29
Ginsenoside Rg1 also increases the dopamine content (and its metabolites)
in the striatum by increasing TH expression. Besides, iron levels are
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decreased, which are high, by interrupting the divalent metal transporter
1 (DMT1) and increasing the expression of ferroportin 1. In addition, it
has been seen that this ginsenoside blocks the signaling cascade c-Jun
NH2 -terminal kinase (JNK).29,30

Inflammation
The alternatives to treat conditions associated with inflammation are
generally accompanied by side effects such as stomach ulceration. For
this reason, pharmacological alternatives have been evaluated and studied
for inflammation-related diseases. Ginsenosides, such as Ro type, are
considered a possible treatment due to their anti-inflammatory properties;
for example, against edema induced by carrageenan (a harmful agent
that produces inflammation).31
Ginsenosides have been used as adjuvants in vaccines due to their antiinflammatory effects are associated with regulating cytokines, phagocytosis,
and T and B lymphocytes activation.32 The influenza vaccine is an
example. In this case, ginsenosides are used to prevent the virus from
binding to receptors on host cells, minimizing the virus’s entry. Furthermore, when using these compounds as helpers, an antigenic cross-reaction
with other influenza viruses is generated.33
Ginsenosides such as Rg1 have been shown to negatively regulate the
release of pro-inflammatory cytokines by inhibiting nuclear translocation,
DNA binding, and glucocorticoid receptor phosphorylation stability.34
Other anti-inflammatory mechanisms that have been studied in the
different ginsenosides are the inhibition of TNF-ALFA, IL-1, IL-6, IL-12,
and the inhibition of the MAPK, JNK, and NF-kB pathways.33

Cancer
The relationship between inflammation and cancer is well known and
can be explained since inflammation could generate genetic damage and
oncogenes’ activation could cause inflammation. A pro-inflammatory
state is required for cancer development, which generates angiogenesis,
metastasis, and immune system suppression.35 Ginseng can prevent and
reduce inflammation processes, and different authors indicate the
possibility to used ginseng as a cancer treatment. Considering angiogenesis
and inflammation are often related, ginseng is a promising target for new
antiangiogenic therapies development, mainly due to its ability to modulate
both processes.36
The ginseng chemopreventive effect has been demonstrated by different
mechanisms, such as tumor inhibition by angiogenesis suppression,
apoptosis induction, and cell cycle regulation. These mechanisms are
related to specific signaling pathways, and the most common pathways
are cell proliferation, growth factors, tumor suppressors (p53 and p21),
and cell death mediators.37
The mechanism used by Rp1 to reach its antimetastatic effect is based on
the cell cycle and apoptosis arrest. In contrast, this ginsenoside reduced
the stability of the IGF-1R protein in breast cancer cells; IGF-1R protein
plays an important role in cell proliferation and invasion signaling.38
Rg3 ginsenoside inhibits capillary proliferation and invasion, decreasing
the microvasculature and neovasculature. This angiosuppression is
regulated by 2 and 9 matrix metalloproteinases. However, Rg1 has been
associated with promoting neovasculature and cell proliferation. The
oxide-nitro-synthase expression and the phosphatidylinositol-3-kinase
pathway mediate the opposite effect. Moreover, these effects may depend
on ginsenosides proportion.39
These mechanisms and others have been observed in cancer progressions,
including pharynx, stomach, liver, pancreas, and colon. Every day, more
and more information is being obtained on how ginseng inhibits the
sequence of inflammation to cancer.40
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Sexual Impotence
The administration of ginseng in men has demonstrated an effect on the
central nervous system and the gonads, facilitating erection by inducing
corpora cavernosa vasodilation and relaxation. NO secretion also
mediates these effects. On the other hand, ginsenosides increase the
levels of testosterone, dihydrotestosterone (DHT), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and the synthesis of
proteins in the testes (spermatogenesis enhancement); the mobility of
these sperm is also facilitated by stimulating the spermatid (an effect
achieved through estrogen and progesterone receptors).41
Ginsenosides have demonstrated an effect increasing testosterone levels
directly and indirectly since the LH stimulates its secretion. FSH release
is also influenced by ginsenosides administration. The stimulating effect
is equal to the obtained effect when the gonadotropin releasing hormone
(GnRH) stimulates the pituitary gland. However, whilst the stimulating
mechanism is not well-understood, ginsenosides could directly stimulate
the gland or have a mimetic effect.41

ADVERSE EFFECTS
Although ginseng is widely used because of its significant health benefits,
there is no evidence to prove the long-term intake side effects.42
However, the excessive consumption of ginseng roots causes effects in
and out the central nervous system. Those effects are known as Ginseng
Abuse Syndrome (GAS) and include, among others, insomnia, nervousness,
skin eruptions, vasodilation or vasoconstriction that led to hypertension
and palpitations.43
It has been seen that the number and position of the glucose molecules
in the structures of PDs indicate their allergenicity degree. F2 has been
shown to have a potent anaphylactoid and allergen present in ginseng.
Also, Rd directly promotes degranulation, skin permeability and
significantly increases the plasma histamine levels.44
Several in-vivo and in-vitro studies have shown that ginseng has beneficial
effects for the liver, which is related to its anti-inflammatory, antioxidant,
and anti-apoptotic capacity. However, a meta-analysis named Benefits
and harms of ginseng supplementation on liver function? Presented
contrary results.45 This may be because these investigations used diseased
hepatocytes that were treated until recovery, in contrast with the metaanalysis approach that used healthy hepatocytes for the investigation.45
In a preclinical study, hepatotoxicity and nephrotoxicity were evaluated
after the administration of high doses of ginseng. It was observed an
increase in liver and kidney weight, an increase in plasma enzymes.
However, it occurred temporarily.46

FORMULATIONS
A method has been created to process ginseng and obtain an extract to
treat erectile dysfunction, hypertension, atherosclerosis, and anti
thrombosis, improve blood circulation and brain functions, reduce
fatigue, and prevent cerebral apoplexy.47
This product’s preparation requires a ginseng extraction under high
temperature. After the extraction, a mixture with ginseng, water, and
methanol or ethanol is obtained. The water must be evaporated during
1 – 3 hr, then, 100 parts of ginseng (white ginseng, fresh ginseng, hairy
root ginseng, red ginseng, ginseng leaves of P. quinquefolium, P. ginseng,
P. notoginseng, P. japonicus) are mixed with 4-10 parts of water. The
obtained mixture is heated until 70-120 °C for 1-6 hours, and then, it is
cooled at room temperature and filtered. The filtrate is then concentrated
to obtain a ginsenoside extract or concentrate powder.48 The obtained
extract may be used to formulate pharmaceutical products, such as liquids,
tablets, granules, pills, hard and soft capsules, and food supplements.
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A procedure to obtain a lyophilized product maintaining ginseng
pharmacological components has also been described.49 The method
indicated that crude ginseng must be placed in a heat-resistant sealed
bag to maintain the aromatic components and the active pharmacological
ingredients. The product is heated to 60-100°C with hot water, steam or
microwave until a soft product is obtained. Then the product is cooled to
room temperature. The plant material softening temperature is a critical
factor during the process since if it is below 60°C, there is a risk that the
ginseng will not soften enough, and the quality of the obtained product
may be low due to the enzymatic process of heat. On the other hand, if
the temperature exceeds 100°C, the ginseng starch’s gelatinization
occurs, resulting in the trunk root and branch roots’ breakage due to the
swelling pressure generated internally.48
The softened ginseng is subsequently removed from the sealed bag, and
the branch roots fiber-like roots are arranged to be put together orderly
in the direction along the ginseng trunk root, which reduces the occupying
space. The ordered arrangement of the ginseng roots improves the
subsequent freezing and lyophilization steps’ efficiency. The ginseng is
then transferred to a closed pressure-resistant container filled with inert
gas, such as methane, nitrogen, or air. The internal pressure of the
container must be 20 kg / cm2 or higher. The container is then frozen at
-10 to -30°C, and after the container is degassed, a conventional
lyophilization process is carried out under reduced pressure. Thus, a
ginseng product is obtained, which maintains its shape, color, and active
components during long storage periods.49
Additionally, an extract with pharmaceutical properties has been developed
for preventing and treating obesity.50 This extract is produced with any of
the following ginseng genera: P. ginseng, P. quinquefolius, P. notoginseng,
P. japonicus, P. trifolius, P. pseudoginseng, P. vietnamensis, P. elegatior
outpost, P. wangianus, P. bipinratifidus. The parts of the plants that may
be used are the roots, stems, or leaves.50
The procedure consists of obtaining dried ginseng plants and sterilizing
them in an autoclave at 70-150°C for 2-6 hr. Then, with a reflux extractor,
water, and some alcohol with a 1-4 carbon chain, the extraction is carried
out over 3-6 hr. At the end of the filtration, the product is concentrated
under reduced pressure and dried. The extract is finally heated between
40-80°C.50
In the following description, another ginseng extract obtaining procedure
is described. The below procedure allows an extract obtention with high
ginsenosides content using an inexpensive alternative.51
A suspension of root, stem, leaves, and fruits is prepared with some
solvent, (water or alcohols with no more than four carbons in their
chain). The ratio between the solvent and the ginseng should be 10-25 of
solvent per 1 part of ginseng.51
A saccharide degradation enzyme (cellulase, amylase, pectinase, cellobiose,
viscozyme) is added to the suspension and the enzyme is deactivated
after 10-50 min at 70-100°C. This enzyme must be in 1-5 parts compared
to the suspension, the reaction time of 5-80 hr, and the temperature of
20-60°C.51
The enzyme used to obtain the ginsenosides Rg1 and Rb1 may be
amylase or pectinase. An extract with these compounds can be used as
a functional drink. On the other hand, using cellulose enhances the
Rd extraction, which could be useful for external skin application. The
biscozyme and cellulose enzymes allow obtaining an extract rich in Rh1
that can treat cancer. Another extract that can be used for cancer
contains compound K (metabolite of some ginsenosides), which is
achieved using cellulose, amylase, and cellobiose.51
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CONCLUSION
Ginseng is a medicinal plant used since ancient times. The active component that gives this plant its healing properties are ginsenosides, which
are generally found in the roots of this plant. These are triterpenic
structures that cycle to form either tetracycles or pentacycles. Although
ginseng has been used since ancient times for its adaptogenic properties
and for its ability to reduce sexual impotence, it has been discovered that
it can also be beneficial in other conditions such as cardiovascular and
neurological diseases, in the process of inflammation and cancer. Due to
these and other uses, methods have been created to obtain extracts in a
more efficient and purer way.
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ABBREVIATIONS
PD: Protopanaxadiol; PT: Protopanaxatriol; NO: Nitric oxide; TH: Thyroid hormone; DHT: Dihydrotestosterone; FSH: Follicle-stimulating
hormone; LH: Luteinizing hormone; GAS: Ginseng abuse syndrome.
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