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Abstract: Adaptogens are synthetic compounds (bromantane, levamisole, aphobazole, bemethy],
etc.) or plant extracts that have the ability to enhance the body’s stability against physical loads
without increasing oxygen consumption. Extracts from Panax ginseng, Eleutherococcus senticosus,
Rhaponticum carthamoides, Rhodiola rosea, and Schisandra chinensis are considered to be naturally
occurring adaptogens and, in particular, plant adaptogens. The aim of this study is to evaluate
the use of plant adaptogens in the past and now, as well as to outline the prospects of their future
applications. The use of natural adaptogens by humans has a rich history—they are used in recovery
from illness, physical weakness, memory impairment, and other conditions. About 50 years ago,
plant adaptogens were first used in professional sports due to their high potential to increase the
body’s resistance to stress and to improve physical endurance. Although now many people take plant
adaptogens, the clinical trials on human are limited. The data from the meta-analysis showed that
plant adaptogens could provide a number of benefits in the treatment of chronic fatigue, cognitive
impairment, and immune protection. In the future, there is great potential to register medicinal
products that contain plant adaptogens for therapeutic purposes.

Keywords: plant adaptogens; Panax ginseng; Eleuterococcus senticosus; Rhaponticum carthamoides;
Rhodiola rosea; Schisandra chinensis

1. Introduction

Adaptogens are pharmacologically active compounds or plant extracts from dif-
ferent plant classes (for example: Araliaceae—Panax ginseng, Eleutherococcus senticosus,
Asteraceae—Rhaponticum carthamoides, Crassulaceae—Rhodiola rosea, and Schisandraceae—
Schisandra chinensis) [1-3]. They have the ability to enhance the body’s stability against
physical loads without increasing oxygen consumption. The intake of adaptogens is asso-
ciated not only with the body’s better ability to adapt to stress and maintain/normalize
metabolic functions, but also with better mental and physical performance [1-3].

There are two main classes of adaptogens. The first class includes plant adaptogens,
while the other includes synthetic adaptogens, which are also called actoprotectors.

Although plant adaptogens have been used by people since ancient times, the term “adap-
togen” is relatively young—it was introduced in 1947 by the Soviet scientist Lazarev [1,4].
It defines adaptogens as substances that cause non-specific resistance of the living organ-
isms [1,2,4]. Adaptogens have a positive effect on humans and animals. The use of plant
adaptogens has a rich history. They have been used by man for hundreds of years in differ-
ent parts of the world, while data on the use of the first synthetic adaptogen, bemethyl, date
back to the 1970s. Bemethyl was introduced in the 1970s by Professor Vladimir Vinogradov.
Since then, numerous synthetic adaptogens have been developed: bromantane, levamisole,
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aphobazole, chlodantane, trekrezan. Their intake is associated not only with increased
physical and mental resistance, but also with vasodilation and decreased blood sugar and
lactate [3]. They are widely used in sports medicine, but since 2009, WADA has included
bromantane in the prohibited list and since 2018, bemethyl has also been included in the
monitoring program of WADA [5,6].

In 1980, the scientists Breckham and Dardimov found that adaptogens increase the
body’s resistance not only to physical but also to chemically and biologically harmful
agents [1,2,7], which further expands the potential of their use.

Breckham and Dardimov systematized the plants with adaptogenic properties. These
are: Panax ginseng, Eleutherococcus senticosus, Rhaponticum carthamoides, Rhodiola rosea, and
Schisandra chinensis [7].

Although plant adaptogens have been used for centuries, their effects continue to be
studied to this day. They also have promising potential for wider applications in the future.

The biological effects of plant adaptogens are related to the complex of biologically ac-
tive compounds they contain. Plant adaptogens have very rich phytochemical composition.
Some of the most important phytochemicals with adaptogenic properties are: triterpenoid
saponins (in Panax ginseng—ginsenosides; in Eleutherococcus senticosus—eleutherosides);
phytosterols and ecdysone (in Rhaponticum carthamoides); lignans (in Schisandra chinensis);
alkaloids; flavonoids, vitamins, etc. [4,8,9].

The mechanism of action of the plant adaptogens is complex and is not fully under-
stood. Recent studies report that the intake of plant adaptogens like extracts of Eleutherococ-
cus senticosus root, Schisandra chinensis root, Rhodiola rosea root is associated with affecting
the hypothalamic—pituitary—adrenal axis [10] and some stress mediators [11]. Moreover,
the intake of such extracts affects nitric oxide levels, lactate levels, blood glucose levels,
cortisol levels, plasma lipid profile, hepatic enzymes, etc. [8,11-14].

Current and potential uses of these medicinal plants are associated with mental dis-
eases and behavioural disorders, cognitive function and stress-induced diseases (anxiety,
cardiovascular diseases, diabetes) [4,9,15-20]. The intake of plant adaptogens is not associ-
ated with serious side effects [20,21].

The aim of our study is to evaluate the data about the use of adaptogens in the past
and the future perspectives of their use.

2. Materials and Methods

The first step of the screening process included identifying eligible studies. An ex-
panded search for articles without language restrictions was conducted on the following
databases: Google Scholar, PubMed, and Web of Science. In the search process, the

following search key words were used: “adaptogens”, “actoprotectors”, “plant adapto-
gens”, “Panax ginseng”, “Eleutherococcus senticosus”, “Schisandra chinensis”, “Rhodiola rosea”,
as

“Rhaponticum carthamoides”, “ Leuzea carthamoides”, “ginseng adaptogen properties study”,

v

“Eleutherococcus senticosus adaptogen properties study”, “randomized controlled study
Eleutherococcus senticosus”, “Leuzea carthamoides adaptogen properties study”, “Rhaponticum

7l

carthamoides adaptogen properties study”, "ecdysterone adaptogen properties study”, “20-

v

hydroxyecdisone adaptogen study”, “ecdysterone from Leuzea adaptogen studies”, “Leuzea
carthamoides adaptogen properties in rats”, “performance gain Rhaponticum carthamoides”,
“Rhodiola rosea in sport”, “Rhodiola rosea adaptogen properties study”, “Schisandra chinen-
sis in sport”, “Schisandra chinensis randomized study”, “Schisandra chinensis adaptogen
properties study”, and “Schisandra chinensis mice study”.

Further records concerned the history of plant adaptogens, botanical and phytochemi-
cal characteristics, and application of adaptogens.

In the second step, we followed the PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analysis) presented in Figure 1 [22], guide for a systematic review.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of

databases and registers only.

In the third step, the relevant studies were chosen based on exclusion and inclusion
criteria. The exclusion criteria were: (i) articles written in a language other than English
or Russian; (ii) webinars or blogs; (iii) articles with irrelevant topics, and (iv) lack of data
information. Inclusion criteria were: (i) human studies; (ii) animal studies, and (iii) studies
investigating the impacts of adaptogens.

During the fourth step, the selected full articles were read and identified.

In total, 56 studies were selected and included in the present review.

3. Results and Discussion
3.1. Panax Ginseng

The first evidence of the use of Panax ginseng (Panax ginseng C.A. Mey.) dates back
more than 2000 years [23]. In the past, the stems, leaves, and mainly the roots of ginseng
were used. Extracts were prepared and used to maintain homeostasis in the human body,
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treat fatigue and weakness, increase immune protection, and treat hypertension, diabetes
type 2, and erectile dysfunction [2,23-26]. In Chinese traditional medicine, ginseng extracts
have also been used as nootropic agents and as a tonic [24-26]. The exact mechanism
of adaptogenic action of Panax ginseng is unknown, but it is supposed that it affects the
hypothalamic-pituitary-adrenal axis in Figure 2 and the antioxidant effect [24,27-29].

©,

HYPOTHALAMUS

Panax gmseng

Corticotropin
releasing hormone

PITUITARY GLAND

Adrenocorticotropic
hormone

ADRENAL GLAND

Cortisol

Figure 2. Mechanism of action of Panax ginseng.

Panax ginseng is an example of a medicinal plant, widely used in ancient times, but
also with great application today. It is also one of the plants defined as a natural adaptogen.

Panax ginseng has a rich botanical phytochemical composition. Today, more than
200 substances isolated from Korean ginseng are known, ginsenosides predominantly: Ral,
Ra2, Ra3, malonyl-G-Rb1, malonyl-G-Rb2, malonyl-G-Rc, malonyl-GRd, Rsl, Rs2, Rs3,
Rg3, Rg5, Rh2, K-R2, Rf, Rf2, 20(R)-G-Rg2, Rg6, 20(R)-G-Rh1, 20(E)-G-F4, Rh4, K-R1, and
poly-acetyleneginsenoside-Ro [30].

It is considered that the adaptogenic properties of Panax ginseng extract are due to the
ginsenosides [27].

Nowadays, numerous products containing ginseng extracts are available. Most of
these products are sold as food supplements but there are also many over-the-counter
medicines. Ginseng radix is included in European Pharmacopeia and in the US Pharma-
copeia. The principal root has a cylindrical form, sometimes branched, up to about 20 cm
long and 2.5 cm in diameter. Its surface is pale yellow/cream in white ginseng, while it
is brownish-red in red ginseng. The rootlets, which are many in the lower part of white
ginseng, are usually absent in red ginseng. Reduced to a powder, it is light yellow. Ginseng
dry extract is produced from the root by a suitable procedure using a hydroalcoholic
solvent equivalent in strength to ethanol. The main compounds that can be detected in the
extract are: ginsenoside Rgl, ginsenoside Re, ginsenoside Rf, ginsenoside Rb1, ginsenoside
R, ginsenoside Rd, ginsenoside Rb2 [31].

Although the extract has been used for more than two millenniums, there are a limited
number of clinical studies that have investigated the benefits or the side effects of its use.
More double-blind randomized studies are needed to be performed.

In Table 1, we have summarized the main benefits of the Panax ginseng extract intake.
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Table 1. Panax ginseng studies.

Study Objectives

Study Design

Main Results

References

Evaluation of the effects on
subjective mood and memory
of a single and sub-chronic
Panax ginseng dose.

Thirty adults, aged 22.87 & 4.01 years,
participated in the study. They received a
placebo, 200 or 400 mg Panax ginseng
extract per day for 3 treatments—8 days with

6 days washout.

Period of the study—32 days.

Improved calmness, mood,
and mental health.

[21]

Examine the effects of Panax
ginseng on the lipid profile.

Eight men, aged 21.1 £ 2.1 years,
participated in the study. All participants
received 2 g of ginseng extract 3 times

per day.

Period of the study—38 weeks.

Decreased levels of serum total
cholesterol (TC), triglycerides
(TG), low-density lipoprotein

(LDL), plasma malondialdehyde
(MDA), and an increase in
high-density lipoprotein (HDL).

[32]

Examine the effects on
endurance performance of
acute supplementation
of Panax ginseng.

Twelve men, aged 20-24 years,
participated in the study. All participants
received 200 mg ginseng extract or a
placebo one hour before the exercise.

Increased endurance time, blood
glucose and insulin
levels, catalase,
superoxide-dismutase, and
total thiol.

[33]

Evaluation of benefits on
fatigue in multiple sclerosis
with Panax ginseng treatment.

Fifty-two women, aged 18-50 years,
participated in the study. There were
26 participants who received 500 mg daily of

Korean ginseng

tablets and 26 were in the placebo
group.Period of the study—3 months.

Reduced fatigue.
Improved quality of life.

[34]

Examine the effects of Panax
ginseng on work performance.

Nineteen women, 21-35 years of age,
participated in the study. There were
10 participants who received 200 mg of
Panax ginseng extract daily, and nine of them
were in the placebo group.
Period of the study—2 months.

No change in maximal work
performance, oxygen
consumption (VO2), respiratory
exchange ratio, minute

ventilation, heart rate, and blood

lactic acid levels.

[35]

Evaluation of the efficacy of a

combination of Panax ginseng

and vitamins on physical and
mental stress.

One-hundred and fourteen women and men,
aged 30-60 years, participated in the study.
There were 59 participants who received 200
mg daily of ginseng dried extract and
vitamins; 55 were in the placebo group.
Period of the study—38 weeks.

Increased quality of life,
without a difference in blood
pressure and heart rate.

[36]

Evaluation of the efficacy of
Panax ginseng extract on
physical and mental
performance.

Fifteen men, aged 19.07 £ 0.62 years,
participated in the study. Seven of them
received 200 mg daily of ginseng extract;

eight of the participants were in the placebo
group. Period of study—6 weeks.

Increased lactate levels. No
change in VO2 and heart rate.

Decreased cortisone levels and no

change in testosterone levels.

[37]

The influence of Panax ginseng
on cortisol, growth hormone,
and lactate.

Ten women, aged 23.4 & 0.69 years,
participated in the study. In the first
4 weeks, five received 100 mg per day and
five were in the placebo group. In the second
4 weeks, they were switched.Period of

study—8 weeks.

Increased cortisol. No change in

growth hormone and lactate.

[38]

Evaluation of the effects of
Panax ginseng on sleep.

Fifteen men, aged 19-25 years, participated
in the study. There were eight participants

who received

4.5 g of ginseng extract daily;
seven participants were in the placebo group.
Period of the study—2 weeks.

Increased deep sleep.
Decreased shallow sleep.

[39]
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Table 1. Cont.
Study Objectives Study Design Main Results References
Eighty-eight men and women 20-60 years of
age participated in the study. There were
. - 30 partlc:lpant? who rece.lv.ed 1 g of ginseng Reduced the severity of fatigue.
Evaluation of anti-fatigue extract daily; 29 participants had an .
. . . . Increased glutathione reductase [40]
effects of Panax ginseng. intake of 2 g of ginseng extract daily. There .
2. . and total glutathione.
were29 participants who were in the
placebo group.
Period of study—2 months.
. Nine men, 25.4 & 6.9 years of age, Decreased lactate,. plasma glucose,
Assessment of an ergogenic . . . . plasma insulin.
effect on Malaysian participated in the study. In the first trial, Increased free fatty acids

they had an intake of 200 mg of Panax ginseng ' [41]

population of Panax ginseng in
humid and hot conditions.

No change
in heart rate, VO2, skin, and
body temperature.

one hour before an exercise test and in the
second trial, they had an intake placebo.

The data suggest that an intake of Panax ginseng extracts is associated with ergogenic
effects and enhanced muscle strength. The inclusion of Panax ginseng in the diet of
athletes would help increase the body’s physical resilience and help the body recover
between workouts.

Intake of Panax ginseng extract is associated also with improved plasma lipid profile
and blood glucose level. Extracts of Panax ginseng might be included in the diet of patients
with cardiovascular diseases, hyperlipidemia, and diabetes. Extracts from the plant not
only increase cognitive function and memory functions, but also improve sleep and fatigue.

We did not find multicenter randomized double-blind studies including the intake of
Panax ginseng. For better exploration of the benefits and future applications of the Panax gin-
seng extract, multicenter randomized double-blind studies should be performed. The plant
has a great potential to be included in medicines for treatment of different conditions.

The intake of Panax ginseng extract is not associated with serious side effects [21,32-41].
The safety of the extract is another benefit to be considered.

3.2. Eleutherococcus Senticosus

Siberian ginseng (Eleutherococcus senticosus (Rupr. and Maxim.) Maxim.) was first
described by Porfiry Kirilov in the 19th century [42]. Its adaptogenic effects were widely
studied in Russia between 1960 and 1970 [43]. The first data on the use of plant extracts
in athletes were reported from Russia. Today, plant extracts are used not only by athletes
around the world, but also by many other consumers who are not actively involved
in sports.

The phytochemical composition consists of phenylpropanoid—syringin; lignans—
sesamin; saponins—daucosterol; coumarins, terpenoids, flavonoids, organic acids, and
vitamins [44,45]. Extracts of Eleutherococcus senticosus root are obtained, stimulating the
immune system, influencing adaptation against external factors, improving mental and
physical conditions and memory functions, and have a hypoglycaemic effect and are anti-
inflammatory [13,45,46]. Eleutherococcus senticosus is thought to exert its adaptogenic effects
by influencing the hypothalamic-pituitary-adrenal axis [44].

Most of the extracts of Eleutherococcus senticosus are prepared by the roots. The rhizome
of Eleutherococcus senticosus is described in European pharmacopeia. The rhizome has a
diameter of 1.5 to 4 cm and an irregular cylindrical shape. The surface is longitudinally
wrinkled with grayish-brown to blackish-brown colour [47].

Although Eleutherococcus senticosus were described a few hundred years ago, research into
its use continues. In Table 2, we summarized results of studies with Eleutherococcus senticosus.
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Table 2. Eleutherococcus senticosus studies.

Study Objectives Study Design Main Results References
Six men, aged 21-22 years, participated in the
Examine the effects of study. They were in the control group, placebo Increased maximal oxygen
Eleutherococcus senticosus group, and the group that received 2 mL uptake, oxygen pulse, total [46]
extract on ethanol extract (125 mg dried extract) work, and
physical working capacity. Eleutherococcus senticosus twice daily. exhaustion time.
Period of study—8 days.
Examine the effects of Twenty men anq women, aged 37 & 8 years,
) participated in the study. There were
Eleutherococcus senticosus . . .
. . 10 participants who received 3.4 mL No changes in heart rate,
during maximal . [48]
. Eleutherococcus senticosus VO2, lactate.
and submaximal . .
. . extract; 10 participants were in the placebo
aerobic exercise. .
group. Period of study—8 weeks.
Assessment of the gffects of Nine men, aged 19 2.1 years, participated in Decreased blood
Eleutherococcus senticosus on - . . glucose levels.
. the study. The participants received 800 mg daily
metabolism, endurance . Increased VO2, [49]
. of Eleutherococcus senticosus or placebo. .
capacity, and Period of studv—s weeks endurance time,
cardiovascular functions. y ’ heart rate, and free fatty acids.
Twenty volunteers, aged over 65 years, Improved mental health and
Assessment of the impact of participated in t'h.e study. There were 10 social functioning, but
; participants who prolonged use
Eleutherococcus senticosus . o . [50]
. . received 300 mg/day Siberian ginseng extract decreased these
on quality of life. . . .
and 10 participants who were in placebo group. improvements. Blood
Period of study—2 months. pressure was not affected.
Forty-six men and women, aged 23-73 years, Decreased total
Assessment of the influence of participated in t.h.e study. There were . cholesterol, LDL,
) 31 participants who triglycerides, free fatty
Eleutherococcus senticosus . . .
. . received 75 drops of Eleutherococcus senticosus acids, and [51]
on physical fitness and . . - .
extract daily and 15 participants who received glucose. Increased maximal
cellular defence. . ) .
120 drops of Echinacea extract daily oxygen consumption
for one month. (VO2max).
Eighty-seven volunteers, aged 27-63 years,
Examine the effects of a participated in the study. There were
dietary suPPIement .44 participants who Decreased fatigue score and
containing had an intake of 100 mg dry extract . [52]
) 4 Beck depression.
Eleutherococcus senticosus from Eleutherococcus senticosus;
extract on burnout symptoms. 43 were in the placebo group.
Period of study—12 weeks.
One-hundred and thirty women and men, aged
30-50 years, participated in the study. There
Evaluate the effects of were 49 participants who received 120 mg/day Improvement in fatigue,
Eleutherococcus senticosus of dry Eleutherococcus senticosus extract, exhaustion, sleep, [52]
extract on stress. 40 participants who worked out, and 41 who and restlessness.
worked out and took 120 mg/day dry extract.
Period of study—2 months.
. . . . - . No difference in respiratory
Examine physiological Nine men, aged 28 & 2 years, participated in the .
. . - . exchange ratio, oxygen
reactions from the intake of ~ study. The participants received 1200 mg per day .
. ) consumption, heart rate, [53]
Eleutherococcus senticosus on of Eleutherococcus senticosus extract for . .
: perceived exertion, plasma
cyclists. 7 days and the placebo for 7 days.
lactate, plasma glucose.
Evaluate the effects of In the second series of study, Decreased body weight.
Eleutherococcus senticosus 17 men and women participated; 10 of them Increased physical [54]

during the training process
in fitness.

received Eleutherococcus senticosus extract, and
7 participants were in the controlled group.

endurance and
performance.
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The data suggest that the intake of Eleutherococcus senticosus supports the physical
activity, weight reduction, mental health, and fatigue. Extracts of the plant can be used
only for fatigue, but also in the case of disturbed sleep.

The intake of Eleutherococcus senticosus extract may help to increase the cognitive func-
tion. Siberian ginseng extract could be included in the diet of patients with hyperlipidemia
because it has a beneficial effect on the lipid profile. There is a potential for development
of medicinal products containing Eleutherococcus senticosus extract to be taken by patients
with various pathologies such as: obesity, overweight, hyperlipidemia, etc. New nootropic
drugs containing a standardized plant extract could also be registered.

We did not find multicenter randomized double-blind studies that included the intake
of Siberian ginseng. For better exploration of the benefits and future applications of the
Eleuterococcus senticosus extract, multicenter randomized double-blind studies should be
performed. The plant has a great potential to be included in medicines for treatment of
different conditions; moreover, the intake of Eleuterococcus senticosus extract is not associated
with serious side effects [46,48-55].

3.3. Rhaponticum Carthmoides

Rhaponticum carthamoides (Rhaponticum carthamoides Iljin.) is a perennial herb which
has been used for centuries in Russia, China, and Mongolia [14]. The plant is also known
as Leuzea. Extracts of the plant have been used to treat weakness [14,56], lung diseases,
kidney diseases, fever, and angina [57].

In 1969, Brekhman and Dardymov classified this plant as an adaptogen [14]. The use of
products containing Rhaponticum carthamoides root extract has increased in recent decades.
The extract has many beneficial effects on humans like: enhanced physical endurance and
performance, anabolic effect, hypocholesterolemic effects, neuroprotective effect, antidia-
betic properties, anti-oxidative, and increased immunity [14,57]. The mechanism by which
ecdysteroids act is binding with signal transduction pathways, rather than with steroid
and estrogen receptors [58].

In the 1970s, the extracts from Leuzea showed beneficial effects in athletes and their
use became a routine practice in the training of many athletes. The intake of Leuzea extract
increases the body’s adaptation to various factors, which can be defined as stress for the
body [14,57] and at the same time has a good level of safety.

The phytochemical composition of Rhaponticum carthamoides is rich of ecdysteroids and
phenols. The main ecdysteroid is 20-hydroxyecdysone in Figure 3 [14]. The adaptogenic
properties of the extract are related mainly to its presence [14]. Other components of the
phytochemical composition are phenols and essential oil [14].

o OH

OH

Figure 3. 20-hydroxyecdysone structure.

20-hydroxyecdysone has a typical steroidal structure. A recent study, funded by
WADA and conducted in 2019, reported 20-hydroxyecdisone as a non-conventional an-
abolic agent, which can significantly increase the muscle mass. A significant dose-responsive
anabolic effect of 20-hydroxyecdysone was reported [59].

In 2020, 20-hydroxyecdysone was included in the WADA monitoring program and
it is very likely that the substance will be included in the prohibited list in the next few
years [60]. In the past few years, other adaptogens were included in WADA'’s prohibited
list and monitoring program, because these compounds were considered to improve the
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performance of the athletes. Bromantane is included in the prohibited list as a non-specified
stimulant. Since 2018, bemethyl is monitored by WADA, but it is still not included on
the prohibited list [5,6]. The main difference between 20-hydroxyecdysone and these two
compounds is that 20-hydroxyecdysone is a natural compound while the other two are
synthetic adaptogens. The main reason 20-hydroxyecdysone is monitored by WADA is
that the intake of this compound improves the performance of athletes. Nowadays, food
supplements containing Leuzea (which contain 20-hydroxyecdysone) are often included in
the supplementation of professional athletes.
Table 3 presents studies related to the use and effects of Rhaponticum carthamoides.

Table 3. Rhaponticum carthamoides studies.

Study Objectives Study Design Main Results References
EV?E?:S;;;?Z:?SF of Twenty women, aged 25-40 years, Decreased body weight.
. . participated in the study. There were 12 of them  Increased physical endurance and
Rhaponticum carthamoides . : [19]
during the training whoreceived 5-15 mg/kg/day ecdysterone; performance. Improvement of
process 8 were in controlled group. cardiac and cognitive function.
Forty-six men, aged 25.6 £ 3.7 years, E.cdysterone increased body
L . weight, muscle mass. Increased
participated in the study. There were 12
g, . power and strength of
participants whohad an intake of . .
. . performance. Without negative
Examine the effect of 200 mg ecdysterone; offects on creatinine
ecdysterone-containing 10 participants received 800 mg ecdysterone, !
L. . glutamate—oxaloacetate [59]
products on sport 12 participants received the placebo, and . | 1
physical exercises 12 of the participants were in the control transaminase, gamma-glutamy
) . transferase, and
group—they had an intake of 200 mg
. . glutamate—pyruvate
ecdysterone without training. . ;
. transaminase. Did not affect
Period of study—10 weeks. . .
steroid profile.
Twenty-six women aged 18-22 years
. participated in the study. There were
Evalua}tlon of the 12 participants who Increased VO2 lactate,
effectiveness of . .. [61]
ecdvsterone in athletes received ecdysterone from 37.5 to 50 mg; performance activity.
Y ’ 14 participants were in the controlled group.
Period of study—9 moths.
Evaluation of the No information—number of participants. The
offectiveness of age of the participants ranged between
27-58 years. Participants received 2-3 g Increased resistance to disease,
ecdysterone from Rhaponticum carthamoides tea, infusion, tincture hysical, and mental endurance [62]
Rhaponticum carthamoides P N ! o physical '
leaves in athletes fermented tea without bitterness.
’ Period of study—15 years.
Forty-five men, aged 20.5 £ 3 years,
Assessment of effects participated in the study. The participants were
of methoxyisoflavone, divided randomly into four groups:
20-hydroxyecdysone, and the placebo group, the group that received No change in training adaptation
sulfopolysaccharides methoxyisoflavone—800 mg daily, the and in anabolic and [63]
intake on training group that received catabolic effect
adaptation and markers 20-hydroxyecdysone—200 mg/day, and the in training.
of muscle group that received
anabolism and catabolism. sulfo-polysaccharides—1000 mg daily.
Period of study—8 weeks.
Evaluation of the effects of Twenty-seven men, aged 22.3 + 4.1 years,
the combination of participated in the study. The participants
Rhaponticum carthamoides received a 350 mg tablet which contains 70:30
and Rhodiola rosea on Rhaponticum carthamoides extract and No change in muscle strength [64]

performance fatigability
and reactions before and
after training.

Rhodiola rosea extract, or a tablet containing
175 mg maltodextrin, and 175 mg
Rhaponticum carthamoides and Rhodiola rosea
extract in ratio 70:30 or placebo.

and total work.
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We expanded our search with animal studies; found results are presented in Table 4.

Table 4. Rhaponticum carthamoides animal studies.

Study Objectives Study Design Main Results References
. . For study, 60 rats were used, divided into
Evaluating Rhaponticum s .
. 10 groups with six rats in group. Females were
carthamoides effects—growth, o . Increased growth and
increased body weight, and fed with 5% Raponticum hay meal, males were body weight [65]
. ! fed with 10-20% Raponticum hay meal. Period ’
behaviour on rats.
of study—21 days.
Evaluafcmg Rhapontzcym. For the study, 18 rats were used and Dgcreased lysophospholipids
carthamoides effects on lipid . . . in erythrocyte membrane.
. . received 150 mg/kg Rhaponticum carthamoides e [66]
profile on rats with extract or placebo. Period of studv—s davs Increased total lipids and
cerebral ischemia. p ' Y ys: phospholipids.
For the study, 35 rats were used, aged
6-8 weeks. They were divided into seven groups:
Examine ecdysterone non—ope1.‘ated, two controlled sroups, and three Removed glutamatergic
. . experimental groups. In the experimental . .
neuroprotective mechanism . excitotoxicity. [67]
. groups, the rats were administrated .
of action. . Neuroprotective effect.
ecdysterone in
5mg/kg, 10 mg/kg, 20 mg/kg.
Period of study—7 days.
For the study, 60 rats were used, aged Decreased LDL. Increased
3 months. They were divided into 12 rats ineach ~ muscle mass. No changes in
Examine the anti-obesity group and three of the groups were treated with thyroid-stimulating [68]
effect of 20-hydroxyecdysone. 18, 56, and 116 mg per day hormone (TSH),
20-hydroxyedysone. tetraiodothyronine (T4),
Period of study—3 months. and triiodothyronine (T3).
For the study, 1000 quails were used. They were
Examine anabolic effects of divided into six groups—.the control sroup, four Increased body mass
Letzea carthamoides in quails groups that had received a standard diet and growth [69]
’ combined with Leuzea seed 0.2—5%, and the )
other two groups. Period of study—50 days.
For the study, 200 quails were used; 160 were in
the control group. There were 10 that received
Examine anabolic effects of 20 mg/kg, Increased growth. [70]
20-hydroxyecdysone in quails. 10 that received 100 mg/kg, and 10 that received Anabolic effect.
500 mg/kg 20-hydroxyecdysone isolated from
Leuzea carthamoides. Period of study—4 weeks.
For the study, 80 rats were used, divided into . Induced superoxide
. . dismutase (SOD), catalase,
. . . two groups: 10 were in the control group, 70 in . .
Examine the improving . glutathione peroxidase
the experimental group. .
memory effect of . (GSH-Px), and glutathione [71]
They received 1, 10, and 100 mg/kg
20-hydroxyecdysone. reductase (GR). Decreased
20-hydroxyecdysone per day.
Period of study—12 weeks glucose levels, nuclear
’ factor-kB (NF-kB).
For the study, 56 rats were used. Rats were Rhap ontzc;t:zrcair;thumozdes
Examine the effects of divided into seven groups, eight rats in each . .
. . ) increased muscle protein
Rhapoticum carthamoides, group: control group, a group that received only ] C
Rhodiola rosea, and their Rhodiola rosea extract, a group that received only synthesis. The combination of
! ’ Rhaponticum carthamoides and [72]

combination on resistance
exercise and
mechanical power.

Rhaponticum carthamoides extract, and four
groups that received a combination of
Rhaponticum carthamoides and Rhodiola rosea
extracts in different quantitative ratios.

Rhodiola rosea
increased muscle protein
synthesis and mean power
performance.

The data suggest that intake of Rhaponticum carthamoides extracts is associated with
anabolic effects—increased body mass weight and enhanced muscle strength. Other
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important benefits are improved mental endurance and improved plasma lipid profiles.
Improvement of cardiac and cognitive functions has also been reported.

Because of improvement in cardiac functions, the Rhaponticum carthamoides extract
might be especially useful for patients with cardiovascular diseases.

Despite the benefits of the extract use, the studies on humans are limited in number
and not sufficient for a more complete and comprehensive assessment.

The anabolic effects were also reported in animal studies. The data from animal
studies suggests that application of Rhaponticum carthamoides is also associated with a
neuroprotective effect.

The intake of Rhaponticum carthamoides is not associated with serious side effects [19,59-72].

The data obtained from human and animal studies about synergetic anabolic effect of
Rhaponticum carthamoides and Rhodiola rosea are contradictory. Further studies are needed
to confirm the synergetic effect of these adaptogenic plants.

For better exploration of the benefits and future applications of the Rhaponticum
carthamoides extract, more in vivo studies and multicenter randomized double-blind studies
should be performed.

3.4. Rhodiola rosea

In traditional medicine, its (Rhodiola rosea L.) applications are described as an adaptive
agent that increases physical endurance, affects fatigue, depression, and disorders of the
nervous system. It has been used in the past in Asia to treat flu and colds, and there is
reported use in tuberculosis. In the Scandinavian part of Europe, plant extracts have been
used to increase physical endurance [73].

Six groups of compounds predominate in the phytochemical composition of the plant:
phenylpropanoids, phenylethanol derivatives, flavonoids, phenolic acids, and mono- and
triterpene [74].

The main phenylethanol derivatives are salidroside (rthodioloside), para-tyrosol, and
phenylpropanoid-rosavin. These are also responsible for the adaptogenic and ergogenic
effects of Rhodiola rosea [8,73,75].

The adaptogenic effect of Rhodiola rosea is associated with activation of the cere-
bral cortex by increasing norepinephrine and serotonin levels. In addition, it affects the
hypothalamic-pituitary-adrenal axis, reducing the levels of corticotropin-releasing hor-
mones, corticotropin, cortisol, and epinephrine [29,73,76].

Studies of Rhodiola rosea began with Dioscorides and continues nowadays. In Table 5,
we summarized beneficial effects of Rhodiola rosea based on studies.

Table 5. Rhodiola rosea studies.

Study Objectives Study Design Main Results References
Studying the effects of 'E.leven Yvomen, aged 19.4 £ 0.8 ygars, Increased anaerobic capacity,
participated in the study. They had an intake of .
short-term . anaerobic power, and total
. . 1.5 g/day Rhodiola rosea extract or placebo for 3 . [77]
supplementation with d s . work. No change in
; ays. A 500 mg additional dose of Rhodiola rosea . .
Rhodiola rosea. . fatigue index.
extract was taken before each trial.
Examine hormonal and Twenty-six men participated in the study. ri?lfr?;egr;eeaC;;Z?ezzj d
oxidative stress of Rhodiola Thirteen of them had an intake of 600 mg/day b - .
rosea supplementation and the extract of Rhodiola rosea and 13 were in antioxidant capacity. Without [78]
changes in hormone profile
effects on mental and placebo group. and endurance
physical performance. Period of study—4 weeks. . )
exercise capacity.
. Thirty-six volunteers aged 21-24 years
inlil);?;nr;r;i(fre ée_ ‘;isct?f/e participated in the study. Twelve of them had an
. y . intake of 340 mg Rhodiola rosea extract twice Increased levels of C-reactive

protein and creatinine kinase [79]

in blood after intake of
Rhodiola rosea.

a day, 12 participants were in the placebo group,
and 12 participants were in the control group.
Period of study—36 days.

protein and creatinine kinase.
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Table 5. Cont.

Study Objectives Study Design Main Results References
There were 101 women and men, aged
Examine the effects and safety 30-60 years, who Improved mood. stress
of Rhodiola rosea extract for participated in study. All participants had an svm t};ms and uaii tv of life [80]
4 weeks of treatment. intake of Rhodiola rosea extract 400 mg/day. ymp ’ quatty '
Period of the study—1 month.
There were 121 men aged 19-21 years
participated in the study; 41 participants
Examine the effects of a single received 370 mg dry Improvement in the
dose of standardized extract Rhodiola rosea, 20 participants received anlii- fatioue index [81]
Rhodiola rosea extract. 555 mg dry extract of Rhodiola rosea before test, & '
40 of participants were in the placebo group,
20 participants were in the controlled group.
Eighty-nine women and men, aged 18-70 years,
. participated in the study. Thirty-one participants Improved in overall
s taiﬁi?éiifﬂhle{;g;gz ;?ofsea received 340 mg/day extract of Rhodiola rosea, depression, insomnia,
. . . 29 participants received 680 mg/day extract of somatization, and [82]
extract in patients sufferin P P &/ cay
fromp depression & Rhodiola rosea, and 29 participants emotional instability. No
p ' were in the placebo group. improvements in self-belief.
Period of study—42 days.
There were 48 men and women, aged Increased myoglobin, creatine
Evaluating the changes of 25-60 years, who participated in the study. phosphokinase, aspartate
Rhodiola rosea Twenty-four participants aminotransferase, alanine
supplementation on muscle received a 300 mg capsule per day containing aminotransferase, and [83]
damage and Rhodiola rosea extract, and 24 participants interleukin (IL-6, IL-8, IL-10)
inflammation. were in the placebo group. without a
Period of study—38 days. difference in both groups.
Twenty-two men aged 20.4 & 1.2 participated in
Examine the effects of Rhodiola the study. Eleven of thgm had an intake of Decreased levels of
. 200 mg/day Rhodiola rosea extract, .
rosea supplementation on . . superoxide
and 11 were in the placebo group.Period of . [84]
selected redox parameters . dismutase. Increased total
. study—4 weeks. Decreased levels of superoxide . .
in athletes. . antioxidant capacity.
dismutase. Increased total
antioxidant capacity.
E);if;?jot?zzgzztlz S(f;?ii?m Fourteen men, aged 25 + 5 years, participated in Decreased free fatty acids
hvsical performance and the study. All of the participants received a levels, blood lactate, and [85]
aIrjlti}(,) i darlljt capacity durin placebo; after that, all of them received creatinine kinase levels. No
oxercise inpaththes & 170 mg R. rosea extract for 1 month. change in VO2max.
Ten men and women, aged 34-55 years, Decreased scores in Hamilton
The efficacy of Rhodiola roseain ~ participated in the study. All participants had Anxiety Rating Scale and [86]

generalized anxiety disorder.

intake 340 mg Rhodiola rosea extract per day
for 10 weeks.

Hamilton Depression
Rating Scale.

The data suggest that the intake of the extract of Rhodiola rosea is associated with
antioxidant and adaptogen properties. Rhodiola rosea extract might be used not only for
overcoming the fatigue but might be included in the diet of people with heart diseases,
because of the beneficial effect on heart rate and muscle contractions. The use of plant
extracts is recommended for sleep disorders and anxiety. The hepatoprotective effect of
the plant determines the use of its extract in liver diseases. Improving physical strength
during exercise and recovery after training are the reasons why Rhodiola rosea extracts are
also taken by athletes as a supplement to their diet.

The intake of Rhodiola rosea is not associated with serious side effects [77-86].
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For better exploration of the benefits and future applications of the Rhodiola rosea
extract, more multicenter randomized double-blind studies should be performed. The
plant has a great potential to be included in medicines for treatment of different conditions.

3.5. Schisandra chinensis

Schisandra chinensis (Schisandra chinensis (Turcz.) Bail) is first described in the book
Shen Nong Ben Cao Jing, around 200 AD, as a remedy for cough and asthma [87]. In the past,
Schisandra chinensis fruits and seeds were used to improve night vision, reduce hunger,
thirst, and exhaustion. In 1960 in Russia, the adaptogenic properties of the plant were
proven [88]. The fruits of Schisandra chinensis are used today [87-90].

According European Pharmacopoeia, Schisandra berry is more or less spherical, up to
8 mm in diameter. It could be red /reddish-brown /blackish, it could be covered in a whitish
frost. It has a strongly shriveled pericarp. The seeds are only 1 or 2, yellowish-brown and
lustrous. The seed-coat is thin [91].

For production of the extract, the fruit should be reduced to a powder. The colour of
powder should be reddish-brown.

The Schisandra fruit has a complex phytochemical composition in which the lignans
are the major characteristic constituents. Five classes of different lignans are found in
the fruits of Schisandra: dibenzocyclooctadiene lignans (type A), spirobenzofuranoid
dibenzocyclooctadiene lignans (type B), 4-aryltetralin lignans (type C), 2,3-dimethyl-1,4-
diarylbutane lignans (type D), and 2,5-diaryltetrahydrofuran lignans (type E) [88].

The adaptogenic properties of Schisandra chinensis are due to the lignin complex,
mainly dibenzocycloocstadiene lignans, the main schisandrin [92,93]. Schizandrin was
isolated and identified for the first time by N.K. Kochetkov in 1961 [88,92,93].

One of methods for identification of the plant, described in the European Pharma-
copeia, involves a TLC technique with identification of y-Schisandrin in Figure 4.

//O

)

H3C 5 OH
O ‘e
H3C/ CH3

(@)

/
HaC
CHs
Figure 4. Structure of y-Schisandrin.

Several studies reported that some lignans (gomisin A, gomisin G, schizandrin, and
schisanhenol) possess antitumor bioactivities [94-98].

The Schisandra fruit, particularly the seeds, contains many volatile compounds as
well: a-ylangene, a-cedrene, 3-chamigrene, and 3-himachalene [99,100].

From Schisandra chinensis fruit are also isolated polysaccharides, glycosides (dihy-
drophaseic acid-3-O-d-glucopyranoside, benzyl alcohol-O-d-glucopyranosyl (1—6)-d-
glucopyranoside and benzyl alcohol-O-d-glucopyranosyl (1—2)-d-glucopyranoside), or-
ganic acids (vitamin C, malic acid, citric acid, and tartaric acid), and vitamin E. [12,87,101,102].
In small quantities, the fruit of Schisandra chinensis contained flavonoids such as rutine [103].
Preschsanartanin, schintrilactones A-B, schindilactones A-C, and wuweizidilactones A-F
are the new isolated triterpenoids from Schisandra chinensis fruit [88].

All of phytochemicals determined beneficial effects such as: cytotoxic, antioxidant,
neuroprotective, hepatoprotective, increased physical strength, stress-protective, anti-
inflammatory [12,88,104]. The adaptogenic effect of Schisandra chinensis is associated with
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Research on the effects of Schisandra chinensis continues.
In Table 6, we present summarized data about beneficial effects of Schisandra chinensis.

Table 6. Schisandra chinensis studies.

the antioxidant effect and the influence on the hypothalamic-pituitary-adrenal axis by
lowering the level of corticotropin-releasing hormone [29,76].

Study Objectives

Study Design

Main Results

References

Examine the effects of

Schisandra chinensis extract on
muscle strength and lactate.

Forty-five volunteers aged 61.9 & 8.4 years
participated in the study. Twenty-four
participants received 1000 mg/day extract of
Schisandra chinensis and
21 participants were in the placebo group.
Period of study—3 months.

Decreased lactate levels.
Increased quadriceps and
muscle strength.

[105]

Examine the effects of

Schisandra chinensis extract for

menopausal symptoms.

Thirty-six women aged 40-70 years participated
in the study. Eighteen participants received
Schisandra chinensis extract 748 mg twice a day
for 6 weeks; 18 were in the placebo group.
Period of study—12 weeks.

Decreased hot flushes,
sweating, and heart rate.

[106]

Examine the effects of
Schisandra chinensis fruit
on gut microbiota.

Twenty-eight women participated in the study.
Thirteen participants received 6.7 g/day dried
Schisandra chinensis fruits, and 15 participants
were in placebo group. Period of
study—12 weeks.

Decreased blood glucose,
triglycerides, alanine
aminotransferase, aspartate
aminotransferase, and
fat mass.
Increased Bacteroides
and Bacteroidetes.

[107]

Discovered trials are insufficient to summarize the use of Schisandra chinensis. We
expanded our search with animal studies, the results found are presented in Table 7.

Table 7. Schisandra chinensis animal studies.

Study Objectives

Study Design

Main Results

References

Examine the anti-athletics
fatigue effects of
Schisandra chinensis.

For the study, eight mice were used, divided into

five groups—the control group, low-dose

group—treated with 15 mg/kg Schisandra chinensis

aqueous extract; the medium-dose
group—treated with
30 mg/kg Schisandra chinensis aqueous extract;

intermediate-high group—treated with 50 mg/kg

Schisandra chinensis aqueous extract; and
high-group—treated with 80 mg/kg Schisandra
chinensis aqueous extract for 28 days.

Prevented an increase of
lactate levels and blood urea
nitrogen. Increased blood
hemoglobin levels.

[108]

Examine
Schisandra chinensis
effects on
pituitary-adrenal and
gonadal axis, interleukins,
and blood glucose levels.

For the study, 45 rats were used, aged 6 weeks old.
There were 15 mice in the control group, 15 in the

stress group, and 15 in the group that received
5 g/kg/day
Schisandra chinensis and exercise.
Period of study—11 days.

Decreased blood glucose
levels, cortisol, and
interleukins
(TIL-1 and IL-2).

[109]

Examine
Schisandra chinensis
effects on atherosclerosis
in rats.

For the study, there were 60 rats used, aged 4 weeks,
and 20 mice, aged 6 weeks. They were divided into
five groups—normal, model, simvastatin (received

4 mg/kg/day), and low-dose group—which
received an extract of Schisandra chinensis,
0.35 mg/kg day; medium-dose group—received

extract of Schisandra chinensis 0.7 mg/kg/day; and

high-dose group—received 1.4 mg/kg/day
Schisandra chinensis extract for 3 weeks. Period of
study—12 weeks.

Decreased TG and LDL levels.

Increased HDL.

[110]
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Table 7. Cont.

Study Objectives Study Design Main Results References
Decreased TC, TG, LDL.
Examine the effect of For the study, 48 mice were used. There were Increased HDL, inhibited the
Schisandra chinensis on 24 mice in the control group and 24 received mRNA expression of liver [111]
mice with hvoerlividemia 100 mg/kg/day Schisandra chinensis lignans for X receptor alfa and the mRNA
yperp ' 4 weeks. expression level of hepatic
lipogenesis.
Decreased
Examine Schisandrine B For the study, mice were used, with no information gll’:;eoﬁe;f;gi(f;};ate
offects on for number of mice. They were divided into five ama- i]u ta riilc S tt;ine
. . groups. Control group and the rest had received & & y - [112]
hepatic glutathione . : . synthetase, and Se-glutathione
antioxidant system Schisandrine B 1 to 4 mmol/kg for 3 days; after that, eroxidase. Increased hepatic
Y ) they were threatened with CCl4 0.1 mL/kg. p . p
gluthatione S-transferase and
glutathione reductase.
For the study, 30 mice were used, aged 12-14 weeks.
Examine the preventive They were divided into groups—the control group, Prevented
€ prev three groups that had received scopolamine-induced
effect of Schisandrine B on
scopolamine-induced Schisandrine B, respectively, 10, 25, or oxidative stress. Prevented the [113]
dgmen tia in mice 50 mg/kg/daily before treatment with scopolamine, decrease of
' and a group that had received 10 mg/kg/day acetylcholine levels.
tacrine. Period of study—7 days.
For the study, 48 mice were used, aged 10 months.
Evaluated They were d1V1dec¥ into six groups w1th‘elght mice in Decreased creatine, creatine
muscle-protective each group. The first group received distilled water. Kinase. and lactate
o ffeEts of The second group received distilled water with dehvdro e;nase Increased
Schisandra chinensis exercise control. The third group m of?bre giametér Inhibited [114]
I received 50 mg/kg oxymetholone. The rest of the ye e .
extract in mice, g . lipid peroxidation, reactive
after exercise three groups received, respectively, 125, 250, or oxygen species
’ 500 mg/kg per day of Schisandra chinensis extract ’
and exercises. Period of study—28 days.
. For the study, 50 mice were used, divided into five .
immun}f));?imnszli\ :}Olf offect  STOUPS- Three of the groups were administered with Inziivsfd ;c)};e Eﬂigr?ece}\]lt 1
of pol saccharidesy from 50,100, or 200 mg /kg/day Schisandra chinensis macro hat};s arI:d lymphocyte [115]
gchi}slan dra chinensis polysaccharides Ila; the other two groups were the ptra;gls forma t}i]onp Y
’ control and model groups. Period of study—10 days. ’
For the study, 60 mice were used, divided into six
. gy . groups: control group, control group with diabetes,
Examme;f};icirgc; diabetic alloxan-induced diabetic mice treated with sodium Decreased blood glucose
chloride solution, and three groups treated with 162, levels. Improved [116]
group 1%

polysaccharides from
Schisandra chinensis.

324, or 648 mg/kg Schisandra chinensis
polysaccharides, and a placebo group.
Period of study—21 days.

lipid metabolism.

The data from animal and human studies suggest that the application of extract
of Schisandra chinensis is associated with adaptogenic, antioxidant properties, tonic, and
stress-protective effect.

The intake of plant extract can improve memory and concentration. The plant extract
has serious potential to be included in medicinal products for use in the treatment of
patients with hypercholesterolemia or patients with cardiovascular disease. Of course, the
application of the extract would have a number of benefits in healthy patients due to its
pronounced antioxidant properties.

The positive effect of the plant on blood sugar and liver enzymes suggests the inclusion
of Rhodiola rosea extracts in the treatment of patients with diabetes and liver disease. In
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recent decades, Schisandra chinensis extract has been taken by athletes to increase physical
activity and the body’s adaptation to stress.

The studies on humans are limited in number, so a full assessment of the effects is
difficult to make.

The intake of Schisandra chinensis is not associated with serious side effects [105-116].

For a better exploration of the benefits and future applications of the Schisandra
chinensis extract, more in vivo studies and multicenter randomized double-blind studies
should be performed.

4. Conclusions

The natural adaptogens have the ability to increase the body’s resistance to stress
changes caused by different types of stressors. Unlike the synthetic adaptogens, the
natural are extracts with an extremely rich phytochemical composition. Their adaptogenic
properties are not due to one molecule, but to the combination of different substances. The
use of natural adaptogens by humans has a rich history—they have been used in recovery
from illness, physical weakness, impaired mental function, and other conditions. For
about 50 years, plant adaptogens have been used by professional athletes due to their high
potential to increase the body’s resilience and improve physical endurance. Nowadays,
some of the most used plant adaptogens are Panax ginseng, Eleutherococcus senticosus, and
Rhaponticum carthamoides. Since 2020, ecdysterone, which is rich in Leuzea extract, has been
included in WADA'’s monitoring program, with prospects for inclusion in the prohibited
list. Studies examining the benefits of using extracts of Rhodiola rosea, Eleutherococcus
senticosus, Panax ginseng, Schisandra chinensis and Rhaponticum carthamoides are a limited
in number. However, there are potentials for the inclusion of the extracts of these plants
in medicinal products aimed at treating chronic fatigue, cognitive impairment, as well
as boosting immune defenses. Double-blind randomized multicenter studies would be
extremely valuable in evaluating the use of the extracts in patients with cardiovascular
disease, in patients with compromised immunity, and in patients with chronic fatigue.
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