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ESSENTIAL OILS FROM PLANTS OF THE GENUS THYMUS L.
OF KAZAKHSTAN FLORA: CHEMICAL COMPOSITION
AND PROSPECTS OF APPLICATION

Abstract. The in-house data on chemical composition of essential oils from 14 plants pecies of Thymus L.
genus of the family Lamiaceae Lindl. in Kazakhstan flora have been generalized. The author conducted a compa-
rative analysis of the obtained results with the published materials on essential oils from 7Thymus L. species. The
article discusses biosynthetic pathways of the main components of 7/ymus L. species which have been confirmed by
the results of chemical analysis of essential oils undertaken by the author. The screening data of essential oils from
thymes for the biological activity are provided.

Keywords: Thymus L., essential oils, mono- and sesquiterpenoids, gas chromatography-mass spectrometry,
biosynthesis.

Introduction. Nowadays, the arsenal of a pharmaceutical market has considerably expanded with
highly effective natural medicines. Over 1000 species of essential oil-bearing plantsgrow in the flora of
Kazakhstan. Some species from the families Lamiaceae, Apiaceae and Asteraceaeare of great interest,
they used to be overlooked earlier, or else there are only minor data on their chemical composition and
biological properties. From this viewpoint, the family Lamiaceae L. is worth mentioningas it is one of the
leaders in Kazakhstan flora. Thus, this family incorporates 233 species combined in 45 genera in the
territory of Kazakhstan [1].

Plants of the genus ThymusL. are the most popular among them because they are a rich source of
essential oils which is very widespread. The genusThymus L.ranks first on a species diversitywith27
species growing in Kazakhstan [1]. The contemporary studies have shown that essential oil from thymes
is active against many poly-resistant pathogens due to the presence ofa monoterpenic phenol thymol in
their composition [2]. Taking into account a high antimicrobial, antioxidant, and antiviral activity of
essential oils from thymes [2-5], plants of this genus can be considered as a prospective source of herbal
raw materials for the medicines with a wide range of pharmacological activity, low toxicity, and high
efficiency against strains, viruses, and microbes resistant to the main classes of antibiotics.

The aim of the research is to study the chemical composition of essential oils from Thymus
L.species growing in Kazakhstan.

Objects of research aretheessential oils from Thymus crebrifolius Klok., Thymus Dmitrivae
Gamajun., Thymus karatavicus A. Dm., Thymus Lavrenkoanus Klok., Thymus Marschallianus Willd.,
Thymus minussinensis Serg., Thymus mugodzharicus Klok. et Schost., Thymus petracus Serg., Thymus
rasitatus Klok., Thymus roseus Schipz., Thymus serpyllum L., Thymus stepposus Klok. et Schost., Thymus
sibiricus (Serg.) Klok. et Schost., andThymus vulgaris L.

Research methods. Plant material was collected in 2011-2017 in the East Kazakhstan, South
Kazakhstan regions, and in Central Kazakhstan.

Essential oils were extracted by a hydrodistillation method on Klevendzher’s apparatus from the air-
dry mass of plant raw materials [6]. The weight of dry plant material varied from 20 to 100 g depending
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on a sample. The hydrodistillation of each sample was carried out within 3 hours with hexane used as a
solvent to collect essential oil. The quantitative content of essential oils was calculated in volume-weight
percentage per the air-dry mass of plant material. The obtained essential oil was placed in amber glass
bottles, hermetically sealed and stored at a temperature of +1-4 °C. The research was done on the
organoleptic and physico-chemical properties of the extracted essential oils.

The chemical composition was investigated by the gas chromatography-mass spectrometry method
on the Gas Chromatograph with Mass Selective Detector Agilent 7890/5975C (Table 1). HP-5SMS 5%
Phenyl Methyl Silox (30 m X 0,25 mm) column with a speed of helium carrier gas of 1ml/min was used.
Evaporator temperature was 2300°C. The gas chromatography column was maintained at a temperature of
40 °C within 10 min. with the temperature programmed up to 240 "C,and a temperature change speed of
2 °C/min, then it was sustained in the isothermal mode for 20 min. The sample input mode wasstream
division 100:1. Sample volume was 0,2 pL. Conditions of mass spectrarecordwere 70 eV, the massrange
was 10-350m/z. The quantitative content of constituents was calculated automatically based on the
peakareas of the general ion chromatogram. The quantitative analysis was carried out by means of the
internal normalization method on the peakareas without the correcting coefficients. The components were
identified as per the mass spectra and the retention time using Wiley GC/MS library.

Research results. The genus Thymus L. (a thyme) is one of the largest and taxonomically complex in
the family Lamiaceae Lindl. All studied species of Thymus L. grow in Kazakhstan [1].

Thymus crebrifolius Klok. isa semi-bush up to 4 cm high with a pleasant lemon scent. It is found on
the precipices of temporary water way currents and rocks in regions of the Western Kazakh Uplands
(Melkosopochnik) and Ulytau. It is an endemic plant. The raw material reserves of this species are noticed
in the territory of Karaganda region [7]. The chemical composition of its essential oil has not been
studied. The essential oil that we investigated for the first time represents the mobile liquid of a light
yellow color with a pleasant lemon fragrance. Among the identified 74 components, the main are (in %)
in Thymus crebrifolius Klok essential oil:linalool 31.9 (1), borneol — 9.6 (2).

Thymus Dmitrivae Gamajun. represents a dwarf semishrub up to 14 cm high, the distinctive features
of this plant are thickish curved ligneous stipes sometimes with additional roots and also reddish leaves. It
is encountered on the open stony slopes, on rockslides, andgravelfrom the mountains forest belt to the
Alpine highlands of Zailiysky Alatau, the Kyrgyz Alatau, and the Western Tien Shan. We have studied
the essential oil of this plant for the first time, the main component of which is 4-methyl-4-
isopropylphenol 57.7% (3) among 17 identified.

Thymus karatavicus A. Dmitr. ex Gamajun. is an endemic plant. It grows on stony slopes and taluses
of low mountains. It is found in Karatau and the Talas Alatau [1]. The are no data on the chemical
composition of its essential oil. The investigated essential oil represents the yellowliquid with a pleasant
scent andyield of 1.49%. We have identified 19 constituents, the main of them in7Thymus karatavicus
essential oil are (in %): thymol - 39.5 (4), p-cymene — 18.5 (5), thymol acetate— 13.0 (6) [8].

Thymus Lavrenkoanus Klok. represents a dwarf subshrub with a height of 3-12 c¢cm and short
corollasof pink-violet color. It grows on stony and steppe tall-grass slopes, and on the hill tops. It is found
in Karaganda and the East Kazakhstan regions. It is an endemic plant. In the composition of7hymus
lavrenkoanus Klok essential oil 100 components have been identified, the main of which are (in %): p-
cymene - 32.2 (5), y-terpinene - 7.5 (7), thymol - 26.0 (4).

OH OH
@ \\\\\OH
OH OAc
1 2 3 4 5 6 7

Thymus Marschallianus Willd. is the most widespread species of thyme in the territory of Kazakh-
stan. The analysis of morphological features of Thymus Marschallianus Willd. has allowed us to define
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the following characteristic signs: the oblong sessile elliptic leaves pubescent with rare cilia, more sel-
dom - glabrous; the inflorescences are extended, short-verticillate; the corolla is pale violet with a short
tube. It grows in steppes, edges, and ravineslopes. This species can be a substitute for Thymus serpyllum
L. and Thymus vulgaris L. Besides, Thymus Marschallianus Willd. is widespread in the conditions of
Central Kazakhstan. It also grows in steppes, on hillslopes, in the river floodplains in the European part of
Russia, in the Caucasus, in Western and Middle Siberia, and in Central Asia. According to the perfor-
meddistribution and raw material stocks analysis of Thymus Marschallianus Willd.herb in the territory of
Karaganda region, the overallarea of its thickets is estimated as 85,8 hectares withtheexploitable
reservesof 40,6 tons, andthe volume of potential annual harvestingof raw materials of 17,52 tons. It is
pertinent to collect plant materials once in 3 years in onearea [21].

There are numerous data on the chemical composition of Thymus Marschallianus Willd. essential oil
in literature (table 1) which confirm its complex constituent structure [9-19].

Table 1 — Major components of Thymus Marschallianus Willd. essential oil.

Place of growth Essential oil components Reference
China v -terpinene (18.0% to 22.4%), thymol (28.0% to 32.9%), 9
p-cymene (7.7% to 25.4%)
Hungary thymol - 32.9% 10
Kazakhstan p-cymene, thymol,y-terpinene 11
Caucasus geraniol — 30.3% 12
_ 0, - 3 _ 0 _ 0,
China thymol — 32.9%, y-terpinene — 22.4%, carvacrol — 8.0%, 13
p-cymene — 7.7%
Germany caryophyllene, cadinene, nerolidol 14
Russia, Saratovregion p-cymene -20.9%,thymol - 54.6% 15-16
Russia borneol — 30.0%, a-pinene — 10.7%, sabinene —9.9%, 17
thymol — 5.5%
Russia, Voronezh region thymol — 16,5%, p-cymene 9.6% 18
Russia, Altai territory, Burlinregion a-terpinenol acetate, p-cymene 19
Russia, Altai territory, Loktevsky region, 220 | p-cymene, limonene, y-terpinene 19
m above the sea level
Russia, Altai territory, Ust-Koksin region p-cymene, y-terpinene, thymol 19
Russia, Altai territory, Ust-Pristan region y-terpinene , p-cymene, thymol 19
Russia, Altai territory, Loktevsky region, geraniol, geranyl acetate
19
430 m above the sea level
East-Kazakhstan region, Zyryanovsk region | y-terpinene, p-cymene, thymol 19

As is seen from table 1, the chemical composition of Thymus Marschallianus Willd. essential oil can
be divided into 3 groups. The majority of the studied essential oils had a high content of the sum of
thymol and carvacrol up to 80% and a noticeable content of borneol up to 13%, at the same time a high
content of monoterpene hydrocarbons was also observed up to 45%. The second group of essential oils
contained a rather low content of phenols (7.0-38.8%) in their structure, and a-terpineol (14.1-45.9%) and
monoterpene hydrocarbons were identified as the major components. The third group of essential oil
samples were marked by a high content of geraniol (33.7-70.2%) and geranyl acetate (5.5-13.3%), a small
content ofneral (0.7-6.4%) and geranial (1.7-10.1%), as well as a low content of monoterpene hydro-
carbons [20]. In the investigated essential oil we identified 111 components, the major ones are thymol
19.3 (4) and p-cymene 18.2 (5).

Thymus minussinensis Serg. is a plant with floriferous sprouts of 1(2)-6 cm high, with reddish, short,
down-directed hairs, and a pink corolla5-6 mm long. It grows on dry-steppehillslopes and granite rocks. It
is encountered in Akmola region, in the East Kazakh Uplands and Bektau-Ata Mountains. We have
studied the chemical composition of Thymus minussinensis Serg. essential oil by the GC-MS method for
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the first time. Twenty-three components have been found, the main of them are (%): p-cymene 22.5 (5),
thymol 19.3 (4), y-terpinene 18.0 (7).

Thymus mugodzharicus Klok. et Schost. is anundershrub growing on stony slopes, steppe hills, and
dry slopes of river valleys. We collected Thymus mugodzharicus Klok. et Schost in the Mugodzhar Hills
during blossoming period in 2014. Thymus mugodzharicus essential oil contains 25 components of which
the following prevail (in %): thymol - 37.6 (4), borneol 8.3 (2), y-terpinene 7.5 (7) [22].

Thymus petraeus Serg. is a mountain-steppe plant representing a prone vegetatively motionless
subshrub of stlanictype. It is found in steppes of Altai and Krasnoyarsk regions, the Tyva Republic and a
North-West part of China, with huge populations marked in the Republic of Khakassia [23]. In
Kazakhstan it grows in mountain steppes and on the crushed rock slopes. It is seen in the Tarbagatai and
Dzungarian Alatau. It is an endemic plant. There are scarce data in literature on the essential oil com-
position,of which the main components are linalyl acetate, y-terpinene, p-cymene, thymol, andmyrcene
[19,24]. In the researched oil we have found 59 components, the major of them are (in %)o-cymene
46.3 (8) andthymol 13.2 (4).

Thymus rasitatus Klok. is an endemic plant which grows on stony and steppe slopes, low mountains
peaks, on granite taluses, and in the rockcracks of the Dzungarian Alatau, in Karkaraly, in the Irtysh and
Balkhash-Alakulsk floristic regions, the East Kazakh Uplands [23]. We have studied the chemical
composition of its essential oil for the first time, the main constituents are (in %): thymol 23.6 (4),
p-cymene 21.2 (5), y-terpinene 11.1 (7).

Thymus roseus Schipz. is a tinydwarf semishrub withviolet-rose or white floretshavinga pleasant
fragrance. It grows on stony tops and slopes of mountainsand low-mountains, on granite rocks and
rockslides. It is common in Western Siberia, Kazakhstan, and Mongolia. The data on its essential oil are
sporadic. A.V. Tkachev investigated theessential oil from Thymus roseus Schipz growing in the Altai
Republic (Russia) where the major constituents arethymol, p-cymene, y-terpinene [19]. In the investigated
essential oil we have defined 66 compounds, the major ones are (in %) o-cymene 14.1 (8), linalool
12.7 (1).

Thymus sibiricus (Serg.) Klok. et Schost. is a plant with floriferous branches 1,5-10 cm high, densely
pubescent under the inflorescence with long and short downward hairs. It grows on the southern stony
slopes, dry meadows, in pine woods on the sand. It is spread in Western Siberia, the Tarbagatai, and the
Dzungarian Alatau. The main components of oil from7Thymus sibiricus (Serg.) Klok. et Schost harvested
in Buryatia are thymol (20.9%), y-terpinene (14.0%), o-cymene (42.3%) [26]. The major components of
the researchedessential oil from Thymus sibiricus(Serg.) Klok. et Schost (in %) are linalool 25.2 (1)
andgeranyl acetate 18.0 (9).

Thymus serpyllum L. is a dwarf subshrub up to 13 cm high usually with petiolate,elliptic leaves
pubescent with long cilia on the edge; the inflorescences are of a densecephalanthium form; thecorolla is
bright pink with a long tube. It is widespread in the whole territory of the CIS countries including Arme-
nia, Kazakhstan, the Russian Federation, Ukraine,it is also found in the foothills of Tibet, in the north of
India, and in North America. The aerial parts of Thymus serpyllum L. are widely used both in traditional
and folk medicine of many countries of the world as a valuable herb. The plant therapeutic effects are due
to the presence of various biologically active agents (flavonoids, tannins, macro- and minor constituents,
essential oil)in its raw material. It is included as a medicinal raw material in the State Pharmacopoeia of
Kazakhstan [8]. Thymus serpyllum L. is an extremely polymorphic genus related to the Siberian and
Central Asian thymes which is split to a number of minorspeciesthat are geographically isolated or pecu-
liar for certain localities. In this regard, the chemical composition of essential oils is also very diverse. For
instance, as is seen from Table 2 thymol (4) and carvacrol (10) are the main components of essential oil
from Thymus serpyllum L. growing in Albania, Armenia, Hungary, India, China, Pakistan, and Ukraine.
Thymol (4) is the main component of the essential oil fromThymus serpyllum L. growing in Egypt, Japan,
Iran, and Serbia, whereascarvacrol (10) is commonfor the essential oil from Italy, Poland, and Russia.
Thymol (4) and carvacrol (10) are absent in the essential oils of Thymus serpyllum L. chemotypes gro-
wing in Belarus, Estonia, Finland (7. serpyllum L. ssp. serpyllum and T. serpyllum L. ssp. tanaensis (Hyl.)
Jalas), Lithuania (7. serpyllum L. ssp. Serpyllum and T. serpyllum L. ssp. serpyllum var. serpyllum),
Turkey, Sweden, and Poland (the Central part) (table 2).
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Table 2 — Major constituents of Thymus serpyllum L. essential oil and its subspecies

Place Constituents Reference
of growth
1 2 3
Albania phenols (47-74%), p-cymene (8.5-36.5%) [27, 28]
Armenia (1) thymol (81.5/76.1%), p-cymene, carvacrol, f-caryophyllene, a-terpineol, [27,29]
(2) carvacrol (49.0-62.0%), thymol (21.5-29.7%), p-cymene, B-caryophyllene, a-terpineol ’
y-terpinene (21.4%), p-cymene (19.0%), thymol [27, 30]
Belorussia | camphene (1.75-12.62%), B-myrcene (2.26-14.61%), 1,8-cineole (up to 23.12%), camphor
(4.24-27.59%), B-caryophyllene (1.12-22.64%), (-)-borneol (2.02-33.39%), caryophyllene oxide [31]
(3.79-28.7%), thymol (3.59%), carvacrol (up to 3.69%)
T. serpyllum L. var. mongolicus Ronn. [27, 33-34]
Chi p-cymene (30.3%), thymol+carvacrol (20.0%), B-phellandrene (14.0%); ?
ina
T. serpyllum L. var. mongolicus Ronn. [27,34]
thymol (23.9%), 2,4,5-trimethyl benzyl alcohol (16.9%), p-cymene (16.3%), carvacrol (10.6%) ’
Croatia thymol (30.0%), carvacrol (49.4%), y-terpinene (5.3%), [35]
Egypt thymol (62.02%), B-phellandrene (13.50%) [36]
(E)-nerolidol (70.1%), caryophyllene oxide (45.0%), myrcene (20.2%), (E)-B-caryophyllene [37]
Estoni (13.3%), germacrene D (12.4%)
stonia
geranyl acetate (up to 46.4%), linalyl acetate (up to 31.4%), geraniol (up to 30.3%), myrcene (up
[37]
t0 20.2%)
T. serpyllum L. ssp. serpyllum
(1) monoterpene hydrocarbons (33%), 1,8-cineole (12.5-15.0%), germacra-1(10),5-dien-4-ol (3- [2738]

12%), germacrene D (10.0-12.0%)
(2) monoterpene hydrocarbons (30%), 1,8-cineole (26%)

T. serpyllum L. ssp. tanaensis (Hyl.) Jalas
Finland (1) linalool (21.9-43.8%), linalyl acetate (8.9-17.6%), [27,39-40]
(2) 1,8-cineole (17.2-27.6%), myrcene (15.4-22.4%), B-caryophyllene (6.8-19.1%)

T. serpyllum L. ssp. tanaensis (Hyl.) Jalas
(1) linalool (52.2%), monoterpene hydrocarbons (13%)

(2) linalyl acetate (58.3%), monoterpene hydrocarbons (15%) [27.38]
(3) monoterpene hydrocarbons (33%), 1,8-cineole (12.5-15.0%)
Hungary | carvacrol (39.5/45.9%), thymol, p-cymene (25.0%), linalool, nerol [27, 41]
carvacrol (49.4%), p-cymene, thymol, zingiberene [27, 42]
Indi thymol (57.6%), p-cymene (20.0%) [27, 43]
ndia
Uttarakhand Hills thymol (19.4-60.1%), y-terpinene (0.3-13.8%), p-cymene (3.5-10.4%) [44]
Uttarakhand Himalaya thymol (37.27-55.56%), thymyl methyl ether (3.26—12.93%) [45]
| carvacrol (48.8%), thymol (13.8%), p-cymene (12.3%) [46]
ran
y-terpinene (22.7%), p-cymene (20.7%), thymol (18.7%), germacrene D (5.1%) [47]
Italy North East Italy carvacrol + carvacrol methyl ether (44.9%) [48]
T. serpyllum L. s. 1.: 1,8-cineole (16.3-19.0%), B-caryophyllene (9.6-11.3%), myrcene [27, 49]
(9.7-10.7%) ?
T. serpyllum L.: a-pinene (6.3-25.6%), camphene (23.6-48.9%), B- myrcene (1.6-51.5%), 50]
Lithuania | 1.8-cineole (6.3-33.3%)
T. serpyllum L. ssp. Serpyllum 1,8-cineole, germacrene B, (E)-B-ocimene, a-cadinol [51]
T. serpyllum L. ssp. serpyllum var. serpyllum [52]
1,8-cineole (8.9-13.9%), caryophyllene oxide (6.5-12.5%), borneol (7.4-10.5%)
thymol (42.6%), p-cymene, carvacrol, borneol, [27, 53]
carvacrol (44.4%), o-cymene (14.0%), a-terpineol (6.47%), a-pinene (6.06%), B-caryophyllene
(5.25%) [34]
Pakistan
thymol (53.3%), carvacrol (10.4%), p-cymene (8.8%) [55]
Muzaffarabad, the State of Jammu and Kashmir thymol (16.5-18.8%), borneol (1.6-3.1%), ledol [56]

(0.2-7.3%), safrole (1.1%), 1,8-cineole (14.0-18.0%),
—— 49 ——
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Continuation of table 2
1 2 3
Central Poland: camphene (8.07-13.91%), B-myrcene (6.53-17.97%), cyneole (1.41-11.64%),
B-caryophyllene (1.06-9.02%), borneol (0.15-16.91%)
the North-Western Poland: carvacrol (30.90-46.16%), y-terpinene (5.72-9.09%), p-cymene
(4.51-13.46%)
T. serpyllum L. s. 1. village Kolyvan’ (Kurijnski area, 150 m above sea-level) B-myrcene
(4.0%), p-cymene (3.8%), 1,8-cineole (14.0%), cis-B-terpineol (8.2%), camphor (4.0%), trans- [59]
Russia nerolidol (29.8%)
T. serpyllum L. s. 1. village Mendur-Sokkon (Ust-Kanski area, 500-750 m above sea-level)

[57]
Poland

[58]

p-cymene (14.5%), 1,8-cineole (5.6%), y-terpinene (17.2%), carvacrol (29.6%) [59]

trar.zs-nerolidol (24.2%), germacrene D (16.0%), thymol (7.3%), 6-cadinene (3.7%), [60. 61]
Serbia B-bisabolene (3.3%) >

trans-caryophyllene (27.7%), y-murolene (10.5%), a-humulene (7.5%), a-pinene (6.9%), 61, 62]

3-octanon (6.6%), thymol (5.6%), camphor (3.6%)
Turkey 2.,4,6-trimethylanisol (73.41%), 3,5-dimethyl benzoic acid (5.38%), B- bisabolene (3.67%) [63]

(1) thymol (50.0/35.1%), y-terpinene (12.7/18.0%), p-cymene (8.6/14.1%),
(2) carvacrol (48.4/55.2%), y-terpinene (10.1/27.1%), p-cymene (8.0/7.1%)

Ukraine [64]

We have investigated in detail the composition of Thymus serpyllum L. essential oil., collected in
8 various regionsof Kazakhstan. The composition is mainly presentedbythymol (5.1-58.2%) and carvacrol
(1.2-55.2%) and depends on the place of growth [64]. It is known that in the wild there are populations
and even certain plants which essential oil has a distinctive composition very unlikethe typical one for this
species.

For example, the so-called lemon Thymus serpyllum L. form belongs to such a group, which oil has a
peculiar fragrance different from other samples dueto the present of a considerable amount of geraniol (to
60-70%). We can assume that a sample collected in the neighborhood ofAkmola region belongs to the le-
mon form. Trans-geraniol (55.9%) and lavandulyl acetate (28.5%) are biosynthesized in this essential oil.

Thymus stepposus Klok. et Schost. generally has linear leaves on very short leafstalks; the in
florescence is elongated, verticillate; the corolla is violet with a longer tube. A.V. Tkachev considers that
Thymus stepposus Klokov & Des. - Shost. is a synonym of Thymus Marschallianus Willd [19]; however,
in the Flora of Kazakhstan it is included as a separate specieswith a number of distinctive morphological
features [1]. The main components ofthe essential oil from this plant harvestedin Buryatia are thymol
(20.9%), y-terpinene (14.0%), p-cymene (42.3%) [26]. In the plant essential oil from the north of
Kazakhstan, the main constituents are trans-nerolidol (21.5%), 1,8-cineole (16.0%), camphor (10.3%),
trans-f-ocimene (6.1%), camphene (4.2%), and borneol (2.9%) [66].

According to our data, the main components of Thymus stepposus Klok. et Schost. are (in %): thymol
57.7 (4), a—terpineol 25.2 (11), 1,8-cineole (12) — 8.9.

2 ¢ o C

8 9 10 11 12

Thymus vulgaris L. is a typical representative of the vegetatively-fixed subshurbs remaining the main
root system during the whole life cycle. It is widespread in the Western part the Mediterranean: on the
Iberian Peninsula, in Southern France, in the North-West of Italy. The main commercial product is the
essential oil produced from Thymus vulgaris L. cultivars. The oil composition is rather well studied and is
subjectto a variability. Literature data confirm that the genus 7hymus L. features a considerable intra-
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species and cultivarpolymorphism both in regards to the morphological characteristics and the mass
fraction of essential oil and its compositional structure which serves as a basis when determining
the chemotype. The existence of several chemotypes within its world geographic rangehas been
revealed.

Over 20 various chemotypes of Thymus vulgaris L. are described in the literature. [26]. Usually it
contains more phenols: up to 60% of thymol and 2-10% of carvacrol; p-cymene (up to 20%), y-terpinene
(12%), and caryophyllene (2-10%), etc. are also present[67-73]. The essential oil that we have extracted
from Thymus vulgaris L. contains 100 components, the main of them are (in %): thymol 58.6 (4),
o-cymene 11.2 (8).

The majorityof terpenoid volatiles that we have found in the essential oils from the genus Thymus L.
belongs to the monoterpene group. The essential oils from thymes usually contain over 90% of
monoterpenes with aminor content of sesquiterpenes. About 300 mono- and sesquiterpenes are observed
in Thymus L.essential oils., of which 34 were chosen as the most significant volatile components [27,74].
Thymol (4) is found in the essential oils of 77 taxons of Thymus L. Over a half of thyme taxons (89 taxons
or 55%) belong to the phenolic and 73 (45%) - to the non-phenolic group [27]. As a matter of fact, thymol
(4) and carvacrol (10) are also found in other plants but in a meagre amount. That is what makes the genus
Thymus L. the most rich source of monoterpenoid phenols interesting for the search of thymol (4) and
carvacrol (10).

Plants of the genus Thymus of Kazakhstan flora also accumulatethe aromatic alcohols of thymol (4)
and carvacrol (10). The essential oils of the studied 10 speciescontainthymol (4) from 0.09% to 50.1%.
Thymol (4) has been found in small amounts in the essential oilsfrom Thymus Dmitrivae Gamajun.,
Thymus stepposus Klok. et Schost., Thymus crebrifolius Klok. and in rather high amounts in Thymus
petraeus Serg., Thymus minussinensis Serg., Thymus Marschallianus Willd., Thymus rasitatus Klok.,
Thymus karatavicus A. Dm., Thymus mugodzharicus Klok. et Schost.

A high content of monoterpene hydrocarbons p-cymene (5) in 56 taxons and y-terpinene (7) in 38
taxons of Thymus L. has also been noted irrespective of the presence of thymol (4) and carvacrol (10). All
four monoterpenes are closely related by the biogenetic processes.

A number of researchers [26, 74-77] offered biogenetic schemes according to which the components
of essential oils are formed by successive transformations, starting from geranyl pyrophosphate (figure 1)
where the conversion of one terpene component to another is controlled by one gene coding the synthesis
of the corresponding enzyme. If the required enzyme is absent, the sequence of the biosynthetic chain
stops and the precursor accumulates. The primary accumulation of a precursor in the essential oil of
thyme species determines the diversity of the biochemical composition of various representatives of the
genus Thymus L., which is confirmed by the results of our studies of the chemical compositions of the
extracted essential oils.

Among the monoterpene compounds, the dominant components are linalool, borneol, y-terpinene,
a-terpineol, 1,8-cineole.

The sesquiterpene fraction is represented by caryophyllene, y-murrolene, germacrene D, B-bisa-
bolene, y-cadinene, c-cadinene, a-bisabolene, caryophyllene oxide, but their content is minor. Moreover,
all studied essential oils samples from 14 species contain caryophyllene (0.49-3.07%) and caryophyllene
oxide (0.74-2.1%). All the actual data indicate the interrelation of these components in the biosynthetic
process which proceeds according to the known scheme of geranyl diphosphate with the predominant
formation of p-menthaneand pinane types. The predominant biosynthetic pathway of sesquiterpenes is the
cyclization of farnesyl diphosphate with the subsequent formation of a germacryl cation followed by
branching to caryophyllanes, humulans, etc.

Despite the fact that in general the oil composition of all samples is similar, some samples containt
components in significant amounts that are absent in other samples. For instance, 1,8-cineole (12) is
present only in the essential oilsamples from Thymus stepposus Klok. et Schost, Thymus minussinensis
Serg, Thymus mugodzharicus Klok. et Schost., linalool is found in the essential oils of Thymus
Marschallianus Willd, Thymus roseus Schipz., Thymus crebrifolius Klok., etc.
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Figure 1 — The alleged scheme of biogenesis of the essential oils components in thymes

Thymus Lavrenkoanus Klok., Thymus crebrifolius Klok, Thymus karatavicus A. Dm. Thymus
rasitatus Klok., and Thymus petraeus Serg. are the endemic species. Thymus sibiricus (Serg.) Klok.et
Schost. is a plant that is difficult to identify by botanical features, as there are its hybrids with Thymus
Marschallianus Willd. and other species. In the essential oil of Thymus sibiricus (Serg.) Klok. et Schost.
monoterpenoids linalool (1) and geranyl acetate (9) have beendetermined. These monoterpenoids can be
proposed as chemotaxonomic markers for Thymus sibiricus (Serg.) Klok. et Schost. The major component
of essential oil from Thymus Marschallianus Willd., growing in different locations, is thymol (4),
therefore, the species can be differentiatedby chemical composition of their essential oils, i.e. based on the
chemotaxonomic markers.

Promising for isolation of new compounds are the essential oils of Thymus crebrifolius Klok.,
Thymus Dmitrivae Gamajun., Thymus Lavrenkoanus Klok., Thymus petraeus Serg., and Thymus ser-
pyllum L. Based on the results of gas chromatography-mass spectrometry, in all thyme species were
detected compounds witha functional hydroxyl group (borneol, terpineol-4, etc.) in their structure,
molecules that have double bonds, and a system of conjugated bonds (thymol, cymene, etc.) in their
structure which are responsible for the antioxidant activity. For the targeted search of new biologically
active compounds, we have screened the essential oils extracted from 7hymus species for analgesic,
antioxidant, antimicrobial, antifungal, antiviral, and cytotoxic activities.
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When screening samples of essential oils from plants of this species, it was revealed that they all
exhibita weak and moderate antimicrobial activity against gram-positive and gram-negative strains [3,78].
The study of antimicrobial activity was carried out on the strains of gram-positive bacteria Staphylococcus
aureus, Bacillus subtilis, gram-negative strain of Escherichia coli, and yeast fungus Candida albicans by
the agar diffusion method (wells). Comparator drugsare Cefazolin for bacteria and Nystatin for yeast
Candida albicans.

The results that we have obtained are in alignment with data on the antimicrobial activity of essential
oil in the research of S.V. Kushnarenko [79], in which the intrinsic antimicrobial activity of the essential
oil from Thymus Marschallianus Willd. is due to the high content of monoterpene phenols such as thymol
and carvacrol. In theinvestigated sample of Thymus Marschallianus Willd., harvested in the Southern
Altai, the content of thymol was 37.1%, carvacrol - 2.2% of the total essential oil mass.

We have studied the effect of essential oils on the larvae of marine crustaceans Artemia salina
(Leach) under in vitroculture conditions to determine the cytotoxic activity potential. The cytotoxic acti-
vity range based on the median lethal doseLDs, expressed in pg/ml, is as follows:all essential oilsamples
subjectedto the research of cytotoxic activity revealedtheir activity against the larvae of marine crusta-
ceans Artemia salina.

Essential oils of Thymus petracus Serg, Thymus rasitatus Klok., Thymus serpyllum L. were screened
for the analgesic activity. The investigated essential oils were studied at a dose of 50 mg/kg with intra-
gastric injection. The comparator drug Metamizole sodium (Diclofenac) was tested at a dose of 50 mg/kg.
The researched objects and the comparator were introduced 30 minutes prior to the injection of 0.75%
solution of acetic acid. As a result of the study it was found that Thymus rasitatus Klok.E. sample has an
analgesic effect, besides the changes are reliable compared to the control. The remaining samples did not
reveal an analgesic activity.

The antioxidant properties of thymol, essential oils from Thymus Marschallianus Willd. and Thymus
petraeus Serg. were evaluated byin vitro experiments on rat liver microsomes. The research results
showed that all samples have pronounced antioxidant properties.

When comparing the antioxidant properties of the tested samples with the antioxidant effect of a-
tocopherol, it was shown that thymol, essential oils of Thymus Marschallianus Willd. and Thymus
petraeus Serg. have a more pronounced antioxidant activity which exceeds the action of vitamin E by
almost 90% [4]. The conducted experiments show that all investigated objects had a dose-dependent
antioxidant effect on the processes of peroxidation, with the highestantioxidant effect observed in thymol
which inhibited LPO processes by 83% at a protein concentration of 2 pug/mg.

The screening of essential oils for the antiviral activity was carried out on the model of influenza
virus (strain A/Almaty/8/98 (H3N2). In the research, a comparative study of the virus-inhibiting and
virucidal activities of the investigated drugs with the commercial preparations Amizon and Geviran was
made. It was shown that Amizon and Geviran cannot inhibit the replication of the virus A/Almaty/8/98
(H3N2) in a dose range up to 3.2 mg/kg. When studying the ability to suppress the infectious activity of
the virus A/FPV/Rostock/34 (H7N1), it was found that essential oils from Thymus rasitatus Klok. And
Thymus petraeus Serg. exceed the activity of commercial drugs Amizon and Geviran by over 1.0 Ig [5].

The most interesting for further research and isolation of individual components with an
antimicrobial effect are the essential oils from Thymus vulgaris L., Thymus Dmitrivae Gamajun., Thymus
sibiricus (Serg.) Klok. et Schost., Thymus crebrifolius Klok., Thymus roseus Schipz.exhibiting the pro-
nounced antibacterial action against gram-positive strains (St. aureus, Ba. subtilis). Whereas, samples of
essential oils from Thymus lavrenkoanus Klok., Thymus vulgaris L., and Thymus sibiricus (Serg.) Klok. et
Schost. showed a pronounced antibacterial activity against gram-negative bacteria (£. coli).

In addition, the essential oils from Thymus vulgaris L., Thymus Dmitrivae Gamajun., and Thymus
crebrifolius Klok. have a pronounced cytotoxicity and are promising substances for these archof
compoundswith potential antitumor activity. As a result of conducted research it was confirmed that a
sample of essential oil from Thymus rasitatus Klok. has an analgesic effectwith thereliable changes as
compared to the control.

Conclusions. The majoressential oilcomponents of the studied 14 species of Thymus L. are thymol
(4), carvacrol (10), p-cymene (5), y-terpinene (7), linalool (1), geraniol and its acetate (9), and other com-
ponents that can be viewed as a renewable material for the synthesis of new compounds.
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Thymol (4), carvacrol (10), p-cymene (5), and y-terpinene (7) are the main ones in 12 studied
essential oils. This fact evidences the interrelation of these components in the biosyntheticprocess. As is
shown in Figure 2, y-terpinene (7) is a precursor of p-cymene (5), and with further addition of the OH
group, either thymol (4) or carvacrol (10) is formed depending on the position. The study of chemical
composition of Thymus L. essential oils has also a theoretical value since it gives opportunity toinves-
tigate the biosynthesis of mono- and sesquiterpenoids in nature.

The obtained results significantly expand the knowledge of chemical composition and biological
activity of the extracted essential oils from plants of the genus Thymus L.,updateinformation on the
dynamics of mono- and sesquiterpenoids accumulation and show the dependence of their content on the
growth conditions. Essential oils from the following species are considered prospective for isolation of
new compounds: Thymus crebrifolius Klok., Thymus Dmitrivae Gamajun., Thymus lavrenkoanus Klok.,
Thymus petraeus Serg., and Thymus serpyllum L.

Thus, the essential oils fromThymus L. plants of the family Lamiaceaeof the flora of Kazakhstan,
which contain a complex of biologically active substances and exhibit a wide spectrum of pharmaco-
logical action, are undoubtedlyof interest for further study and creation of new effective drugs on their
basis.
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I'. A. ATaxxanoBa

AO «MexayHapOoIHBI HAYIHO-TTPON3BOICTBEHHBIN XOIIUHT « DUTOXUMUS,
TOO «Phytoperfume», Kaparanna, Kazaxcran

3®UPHBIE MACJIA PACTEHUMPOJA THYMUS L.
®JIOPHI KABAXCTAHA: XUMHUYECKHAW COCTAB U TEPCIIEKTUBBI UCITIOJIb30BAHUSA

AnHotanusi. O000IICHBI COOCTBEHHBIC AHHBIC [0 XUMHYCCKOMY COCTaBy 3(HUpPHBIX Maced 14 BUIOB pacte-
Huid BunoB Thymus L. cemeiictBa Lamiaceae Lindl. ¢pnopsl Kazaxcrana. [IpoBeneH CpaBHUTENIBHBIM aHAIN3 TOIY-
YEHHBIX aBTOPOM PE3YJIBTaTOB C OIyOJIMKOBAaHHBIMU MaTepHaiaMu 1o 3upHbIM MaciaM BUIOB Thymus. B cratbe
00CyXJaroTcsi IyTH OMOCHHTE3a OCHOBHBIX KOMIIOHEHTOB B BHJax 1hymus L, KOTOpbIe IOATBEP)KIECHBI PE3yiib-
TaTaMM HCCIEJOBAHUS aBTOPOM KOMIIOHEHTHBIX COCTaBOB (GHpPHBIX Maceln. [IpuBeneHbl NaHHBIE IO CKPHHHUHTY
9(UPHBIX Macel THMbSHOB HAa OHOJIOTHYECKYI0 aKTUBHOCTb.

KnioueBble cji0Ba: THMbsH, 3QUpHbIE Macia, MOHO- U CECKBUTEPIEHOUJIBI, XPOMAaTO-MaCC-CIIEKTPOMETPH,
6uocuHTe3.
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