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GC-MS analysis of the lipophilic compounds
of medicinal plant Rhodiola rosea L.

Abstract: Rhodiola (R.) rosea L. is one of the most popular adaptogenic agents. Rhodiola rosea L. (fam.
Crassulaceae) commonly known as golden root or roseroot, is an insect-pollinated dioecious perennial that
has been traditionally used as an immunomodulatory agent in many countries, including Kazakhstan. Plant
extracts can be used both against somatic and infectious diseases, psychiatric and neurological diseases as
well as in healthy people to relieve fatigue and increase concentration, memory, and productivity. There
is growing evidence that the long-term effects of stressful life events and depression are associated with
significant behavioral, endocrinological and neurobiological changes in human. R. rosea is a relatively
rare and valuable medicinal plant and grows at high altitudes (up to 2280 m above the sea level) in the
arctic and mountainous regions of Central Asia, Europe and North America. Study of the phytochemical
composition of R. rosea is required in order to introduce it into official practice. Several mechanisms of
action that are potentially responsible for the observed stress resistance, anti-aging and anti-cancer effects
of R. rosea extracts and its active compounds have been identified in in vitro cell culture systems and on
in vivo animal models. R. rosea extracts and its main biologically active compound salidroside appear to
have multi-targeted effects. The results of our research showed that R. rosea in addition to adaptogenic, has
several other pharmacological properties: antioxidant, antidepressant, immunomodulatory. Phytochemical
study of R. rosea in Kazakhstan has been conducted for the first time. As a result of the conducted work, 28
compounds were identified in its composition.

Key words: Rhodiola rosea L., phytochemical composition, medicinal plants, extracts, biological activity,
essential oil, pharmacotherapeutic group.

Introduction

The flora of Kazakhstan includes 68 species of
trees, 266 species of shrubs, 433 species of semi-
shrubs and semi-herbs, 2,598 species of perennial
grasses, 849 species of annual herbs. There are more
than six thousand plant species in Kazakhstan, of
which 515 are endemics, 303 plant species are listed
as rare and endangered, including various groups of
useful plants. Crassulaceae family concludes 30
genera and about 1,500 varieties of succulent plants,
out of which some are included into the Red Book of
Kazakhstan, including Rhodiola (R.) rosea L. [1-3].

Healing potential of its extracts is known for
many centuries. As previously, medicinal plants
sustain as sources of necessary compounds for the

© 2019 al-Farabi Kazakh National University

maintenance of vital activity. The range of biologi-
cally active compounds based on medicinal and food
plants used in medical practice, food industry and
agriculture has however enlarged. It is important to
emphasize that naturally produced biologically active
compounds have pronounced physiological effect on
the body and its main regulatory and metabolic pro-
cesses, with lack of additive effects [4].

The importance of biologically active compounds
as protective agents that prevent diseases, including
such caused by adverse environmental factors and
stresses is obvious. Some medicinal plants stand out
for their stimulating effects on the immune system
of the body and prevention of various pathological
processes. One of such plants is R. rosea or golden
root [5; 6].
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R. rosea is a widespread and very polymorphic
species, i.e. morphological features of this plant in
different habitats vary greatly. This applies primarily
to the number and density of branches, location of
leaves and inflorescences, their shape and size [7-9].

Its root is a strong stimulant and increases the re-
sistance of the human body to adverse factors. Rhi-
zome resembles a human hand with five half-bent
fingers, it is almost on the surface of the soil, and the
coniferous roots go deep inside. Brownish rhizome
is covered with scaly leaves of golden color with a
peculiar pearlescence [10].

Leaves are pulpy, oblong-ovoid and pointed at the
end. Flowers are yellow and collected in dense cor-
ymbose inflorescence. Male and female flowers are
located on different bushes, male flowers are brighter
and more visible, female flowers often remain green
even during the flowering. Fruits — oblong leaflets of
red or green color, 6-8 mm in length. Seeds are very
small and light, up to 2 mm in length [11-13].

According to the literature sources 23 compounds
of different nature: flavonoids, phenylpropanoids,
flavolignans, monoterpenes and sterols were isolated
from R. rosea rhizome, including such compounds
as phenylpropanoids — rosin, rosavin, rosarin, cin-
namon alcohol, caffeic acid, phenolic compounds —
tyrosol, salidroside, gallic acid, gallicin (methyl gal-
late), flavonoids — rhodiolin (flavolignan gerbecetin),
rhodionine, rhoiosin, 3-methyl, 3-methyl-gallate,
3-methylate, rhodoline, rhodoline, 3-methyl-gallate,
rhodoline, 3-methyl-gallate, rhodoline, 5-methyl-gal-
vanic acid, rhodoline, 5-sylphane, rhodoline, 3-meth-
yl-gallate; tricine, tricine-5-O-glucoside, terpenoids
— rosidol, roziridin, S-sitosterol, daucosteric [14-20].

Essential oils of R. rosea, making 0.03 to 0.2%
of total compounds, vary and are of particular inter-
est to the modern cosmetics industry. For instance,
R. rosea, which grows in Norway, contains such
components as monoterpenic acids, monoterpenic
alcohols, and aliphatic alcohols in the composition
of essential oils. Geraniol, in ratio of up to 65%, is a
key component affecting its smell. Geranyl acetate,
benzyl alcohol, phenylethyl alcohol, geranyl formate
are also contained in the essential oil. The enhancers
of the flower odor of the rhizomes of the R. rosea are
linalool and its oxides, nonanal, decanal, nerol and
cinnamon alcohol [20-22].

R. rosea may affect cognitive function and gen-
eral nervous system. It was revealed that after a
course of treatment with R. rosea extract significant
improvement in the central nervous system occurs as
the root extract increases such indicators as mobil-
ity and strength. In patients with neuroses, there is
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an improvement in sleep, memory, attention, and ap-
petite; the increased irritability and unpleasant vibra-
tions in the heart region disappear. In pharmacology,
the liquid extract of R. rosea has a positive effect
on the correction of the side effects of psychotropic
therapy for schizophrenia, Parkinsonism, asthenia,
etc. [23; 24]. In addition, R. rosea helps to prevent
the negative effects of free radicals [25].

R. rosea as an adaptive organism resists the ef-
fects of chemical, biological, physical stress. In turn,
the adaptogen is a catalyst for resistance to signifi-
cant number of human diseases and enhances the me-
tabolism that stimulates the hypothalamic-pituitary-
adrenal system, which contributes to the processes of
synthesis, improves oxygen transport to muscles and
nervous system, and affects the development of red
blood cells and resistance to hypoxic stress [26; 27].

Results of many studies have shown that R. rosea
root extract stimulates and increases physical perfor-
mance [9-14]. Under the experimental conditions, the
possibility of correcting the free radical oxidation of
membrane lipids in the blood plasma and liver tissue
of animals by introducing adaptogens of extracts of
Eleutherococcus (E.) senticosus, R. rosea and Glyc-
yrrhiza glabra was investigated. Their effectiveness
has been shown to increase the body’s resistance
under stress conditions — the effects of prooxidant
factors, such as cold load and ultraviolet radiation.
The administration of extracts of E. senticosus and
R. rosea has a more pronounced antioxidant effect
and stress-protective activity under conditions of in-
duction of lipid peroxidation by exposure to cold, as
evidenced by a decrease in the content of peroxida-
tion products in the blood and liver of animals [28].

Currently, the possibility of using R. rosea prepa-
rations as hepatoprotectors is widely considered. That
is, the pharmacotherapeutic group of dissimilar drugs,
which prevent the destruction of cell membranes and
stimulate the regeneration of hepatocytes, thereby ex-
erting a positive effect on liver function [29].

Considering the unique medicinal properties of
R. rosea, it is necessary to study its phytochemical
composition.

Materials and methods

The object of the study is the aerial part of R. ro-
sea, harvested in the flowering phase in the highlands
of the Kazakhstani part of the Altai mountain sys-
tem (Figure 1). Raw materials collected and dried in
accordance with the requirements of the State Phar-
macopoeia of the Republic of Kazakhstan, I** edition
[30; 31].
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The crushed air-dry raw material was subjected
to extraction by the method of infusion (maceration)
with 96% ethanol, at the room temperature for 3 days.
Extraction was repeated twice. The combined extract
was concentrated and dried under vacuum.

Research was carried out in the Laboratory Ecol-
ogy of the Biosphere, RSE Al-Farabi KazNU, SSE
Center for Physical and Chemical Methods of Re-
search and Analysis, and Laboratory of plant anat-
omy and morphology, Al-Farabi KazNU (Figure 2).

Figure 1 — Altai’s R. rosea. Flowering stage. Kazakhstan,
East Kazakhstan region, the northern slope of the Ivanovsky
Belok ridge, 1800 m. above s.1., August 2017. Photo by Olga

Kuznetsova

Figure 2 — Work with Rhodiola rosea L.
at the laboratory of plant anatomy and morphology, KazNU, by
Moldir Zhumagul
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For the identification and quantitative estima-
tion of compounds in the plant sample method
using gas chromatography-mass spectrometry
(GC-MS, Agilent 6890N/5973N, USA) was ap-
plied. Analysis conditions: sample volume 0.5 pl,
sample entry temperature 250 °C, without divid-
ing the flow. The separation was carried out using
a DB-WAXetr (Agilent, USA) chromatographic
capillary column with a length of 30 m, an internal
diameter of 0.25 mm and a film thickness of 0.25
um at a constant carrier gas (helium) rate of 1 mL/
min. The chromatographic temperature was pro-
grammed from 40 °C (holding 0 min) to 200 °C
with a heating rate of 10 °C/min (holding 15 min).
Detection was carried out on the SCAN mode m/z
34-750. Agilent MSD ChemStation software was
used to control the gas chromatography system,
record and process the results and data obtained
(version 1701EA). Data processing included eval-
uation of retention times, peak areas, as well as
processing of spectral information obtained using
a mass spectrometric detector. The Wiley 7" edi-
tion and NIST’02 libraries were used to decipher
the mass spectra obtained (total number of spectra
in libraries — more than 550,000 units).

Results and discussion

Gas-liquid chromatography is used for the analy-
sis, separation and purification of synthetic polymers,
drugs, detergents, proteins, hormones and other bio-
logically important compounds. The use of highly
sensitive detectors allows working with tiny amounts
of compounds (10"'-10? g), which is extremely im-
portant in the biological research.

In this regard, the composition of the obtained
extract was analyzed.

GC-MS chromatogram of R. rosea ethanol ex-
tract is presented on Figure 3.

As a result of the study of the chemical com-
position of ethanol extract of R. rosea, obtained by
treating the raw material with 96% ethanol, 28 com-
ponents of different chemical nature were identified
using GC-MS technique (Figure 3). The results of
the analysis allow us to describe compounds whose
content exceeded 0.5 mg %.
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Figure 3 — Chromatogram of GC-MS analysis of R. rosea ethanol extract

Table 1 — The results of chromatographic analysis of the extract

Percent- . Litera-
No.| RT Compound Formula age, % Activity ture
B-pinene ..
. ) . anti-inflammatory,
1| gq1 | beta-pinene; 6,6-dimethyl-2- C H 0.98 antiviral [32]
methylenebicyclo 107716 o . o
antimicrobial activities
[3.1.1]-heptane
> | 1072 1,3-cyclopentadiene, CH 1.99 flavoring spirits, (33]
) 5,5-dimethyl-2-ethyl o4 ) used to extract oils and fats
benzene-1-methyl-3-(1- antiinflammatory,
3| 1197 methyl-1) Ciotlis 0.70 used in perfumery for its citrus effect (34]
ethanone, 2-hydroxy-1- antiseptic, used as a disinfecting and
4] 1222 phenyl CH,0, 1.01 drying agent and antiseptic [35]
2-propanone, L
5 | 12.93 1-hydroxy CH,,0 2.20 antiseptic [36]
antiseptic and antiinflammatory, used in
perfumery for its citrus effect,
citral (lemarome (CH),C= used as a flavor and for fortifying lemon
6 | 14.68 3 7-dimethvl-2 6-0cta(iienal) CHCH,CH,C(CH3) 2.38 oil, has strong antimicrobial qualities, [37]
’ yiee =CHCHO and pheromonal effects in insects, used
in the synthesis of vitamin A,
ionone and methylionone
7 | 16.72 2.6-dimethyl-1,3,5,7- C, H O 4.03 antiseptic, used as bactericidal agent [38]
octatetraene 107716
8 | 16.86 acetic acid CH.COOH 225 antiseptic, used as a fungicide and [39]
3 bactericidal agent
propanoic acid, 2-oxo-, antioxidant, has propionic acid, inhibits
o | 1714 methyl ester CHO, 2.01 the growth of mold and some bacteria [40]
used to dissolve nitrocellulose, GOST
10 | 22.04 2-furanmethanol CHO, 0.96 28960-91 Furfuryl Alcohol [40]
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Continuation of table 1

Percent- . Litera-
No.| RT Compound Formula age, % Activity ture
antiseptic and
11 | 23.70 |2.6-octadienal, 3,7-dimethyl- CcH,.O0 1.81 antiinflammatory, used in perfumery [41]
for its citrus effect
used for making perfume compositions,
12 | 26.21 geraniol C H.O0 1.53 flavoring soap and detergent, used in [42]
synthesis of other fragrant substances
flavoring, psychostimulant, appetite
regulator, used for disinfection of oil
13 | 26.90 benzyl-alcohol CHO 1,45 . . [43]
8 solutions of drugs for intramuscular
injection in pharmacology
hypoglycemic agent, EC 4.3.1.24
14 | 30.33 cinnamaldehyde C,HO 6,26 inhibitor (phenylalanine ammoniales), [44]
vasodilator agent, antifungal agent
1,3-diaxol -2-one, . ..
15 | 31.75 4.5-dimethyl- 1,81 antiviral activity [45]
2-hydroxy-gamma- EC 4.3.1.24 inhibitor, flavoring agent,
16| 3288 butyrolactone CHO, 113 plant metabolite and sensitizer (461
compound with flavonoid fraction,
17 | 34.64 4h—pyrap—4—one, 2,3-dihydro- 154 1mportant blO’fle[lve cl.len.n(.:al, exhibits [47]
3.5-dihydroxy-6methyl- antifungal activity to inhibit growth or
spore germination
18 | 3492 | 2-Propen-l-ol.3-phenyl- CH 24.07 antioxidant, antiinflammato [48]
' (hydroxytyrosol) o710 ' ’ y
. antimicrobial activity,
19 | 35,06 tricosane C,,H, 1,50 radical scavenging effect [49]
20 | 36.86 benzofuran CHO 1.48 antioxidants, used in preparation of | g,
86 rubber, as medicines
2-butonic acid, 2-methyl-, .
21| 37.78 3-methylbutil ester C,H,0, 14.71 flavoring agents [50]
anti-inflammatory, antioxidant,
22 | 44.89 n-hexadecanoic acid C,H,,0, 2.37 hypocholesterolemic, antibacterial, [50]
activities
saturated fatty alcohol antiviral agent,
used traditionally as an emollient,
23| 4504 | I-docosanol, acetate CH,0 1.5y | cmulsifier, and thickener in cosmetics, | )
227746 and nutritional supplement (as an
individual entity and also as a constituent
of policosanol)
. antiviral agent, in humans causes an
24 | 46,08 behenic alcohol C,H,O0 1,04 increase in blood cholesterol [52]
phenolic antioxidant,
used as a pharmaceutical intermediate
25 | 46.45 | 4-hydroxy-benzeneethanol CH, 0, 12.45 to produce metoprolol, betaxolol and [52]
salidroside, etc.
antihypoxant, intermediate in the
biological synthesis of steroids, including
26 | 4721 squalene Caotls 1.53 cholesterol (through lanosterol), (53]
participates in metabolism
27 | 48.15 tetracosyl acetate C,H,,0, 2.30 used as a component of fruit essences [54]
28 | 46.97 n-tetracosanal-1 C,H,0O 2.97 not fully explored [54]

Int. j. biol. chem. (Online) International Journal of Biology and Chemistry 12, Ne 1, 103 (2019)



108 GC-MS analysis of the lipophilic compounds of medicinal plant Rhodiola rosea L.

According to the results presented in the Table
1, 28 compounds were identified using GC-MS anal-
ysis: of which B-pinene was found in the greatest
amount (0.98%), 1,3-cyclopentadiene, 5,5-dimethyl-
2-ethyl benzenel-methyl-3-(1-methyll), ethanone,
2-hydroxy-1-phenyl-, 2-propanone, 1-hydroxy-,
citral, 2.6-dimethyl-1,3,5,7-octatetraene,e,e-, acetic
acid, propanoic acid, 2-oxo-, methyl ester, 2-furan-
methanol, 2.6-octadienal, 3,7-dimethyl-, geraniol,
benzyl-alcohol, cinnamaldehyde, 1,3-diaxol-2-one,
4.5-dimethyl-, 2-hydroxy-gamma-butyrolactone,
4h-pyran-4-one, 2,3 dihydro-3.5-dihidroxy-6-meth-
yl-, 2-propen-1-ol, 3-phenyl-, tricosane, benzofu-
ran, 2-butonic acid, 2-methyl-3-methylbutill ester,
n-hexadecanoic acid, 1-docosanol, acetate, behenic
alcohol, benzeneethano 1,4-hydroxy-, squalene, tetra-
cosyl acetate, n-tetracosanal-1.

It should be noted that 2-(4-hydroxyphenyl)
ethanol serves as a pharmaceutical intermediate for
metoprolol, betaxolol and salidroside. Metoprolol is
a beta-adrenergic blocking agent and is used to treat
high blood pressure. Betaxolol is a cardioselective
I-adrenergic blocker, whereas salidrozide can en-
hance immunity, slow down aging, resist radiation
and tumors and protect the cardiovascular system,
etc. [34].

Lipophilic compounds exhibit a wide range of
biological activities, e.g., cinnamaldehyde, contained
in the quantity of 6.26%, may serve as a hypoglyce-
mic agent, EC 4.3.1.24 (phenylalanine ammonia-ly-
ase) inhibitor, vasodilator, antifungal agent, flavoring
agent, plant metabolite and sensitizer [44].

Hydroxytyrosol — one of the main phenolic com-
ponents of the roots (24.07%), is also beneficial for
health, its protective action has been shown in pre-
clinical studies against several diseases.

Numerous studies have demonstrated the impor-
tance of natural dietary polyphenols in supporting car-
diovascular health. Reactive oxygen species (ROS)
are critically involved in the endothelial dysfunction
that contributes to atherosclerosis development. Oxi-
dative stress-induced endothelial dysfunction prob-
ably represents one of the first stages in the develop-
ment of atherosclerotic lesions. Accordingly, walls
of atherosclerotic vessels contain increased levels of
ROS, which affect several redox-sensitive pathways
in vascular cells, resulting in a markedly altered cel-
lular composition of the tissue. Migration and prolif-
eration of vascular smooth muscle cells in the area is
induced, as well as expression of adhesion molecules
and chemotactic factors by the endothelium. Direct
reduction of ROS levels and/or stimulation of anti-
oxidant defense at these levels could possibly help
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to avoid the development of atherosclerosis. Mecha-
nisms of action include potent antioxidant and antiin-
flammatory effects, among others [48].

P-tyrosol, contained in the quantity of 12.45%,
is recognized as a good antioxidant, which counter-
act the damaging effects of oxidation in animal tis-
sues. Anti-arrhythmia agents are often divided into
four main groups according to their mechanisms of
action: sodium channel blockade, beta-adrenergic
blockade, repolarization prolongation, or calcium
channel blockade [49]. Agents used for the treatment
or prevention of cardiac arrhythmias may affect the
polarization-repolarization phase of the action poten-
tial, its excitability or refractoriness, impulse conduc-
tion or membrane responsiveness within cardiac fi-
bers. Another important compound is squalene [53].

By chemical composition, the essential oil, ob-
tained from the rhizomes of R. rosea differs in com-
position. The composition of the oil is affected by
the place of plant growth. As known from the litera-
ture data, main components of the essential oil of R.
rosea grown in Bulgaria are geraniol and myrtenol
[55], in China — geraniol and octanol [56], and in
India — phenylethyl alcohol [57], in Kazakhstan —
for the first-time cinnamon alcohol was found, and
earlier cinnamon alcohol was found only in samples
from Bulgaria [55]. Based on the our results, it can
be concluded that, as representatives of a succulent
species, R. rosea contains in plant roots not only a set
of vitamin groups, but also biologically active com-
pounds that, according to conducted research and lit-
erature review, can favorably affect the human body.

Conclusion

Rhodiola rosea L. is a plant with a whole spec-
trum of biological activities (increases mental activi-
ty in healthy people; reduces anxiety and fear with fa-
tigue syndrome; significantly increases the amount of
dynamic and static work; normalizes metabolic pro-
cesses). According to the literature data, plant roots
contain essential oil, tannins, more than 20 valuable
trace elements, like iron, phosphorus, magnesium,
manganese, etc., ascorbic and nicotinic acids.

As mentioned, before GC-MS (Agilent
6890N/5973N, USA) analysis was used for identifi-
cation and quantitative estimation of compounds in
the plant. Data obtained in this work includes the
general chemical profile of the essential oil, percent-
age content and retention could be useful in estimat-
ing its chemical characteristics. Such components as
B-pinene (0.98%), benzene 1-methyl-3-(1-methyl 1)
(0.70%), 2-furanmethanol (0.96%) were identified
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in small amounts, largest amount was revealed for
2-propen-1-ol,3-phenyl (24.07%), 2-butonic acid,
2-methyl-3-methylbutill ester, (14.71%) and ben-
zeneethano 1,4-hydroxy (12.45%). By the profile of
their biological activity, proven compounds show
high antioxidant potential.
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