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Abstract
Aim. The research is aimed at determining the qualitative and quantitative content of essential oils in the aerial part of two
species of the genus Pycnanthemum Michx. (Lamiaceae) — P. virginianum (L.) T. Durand & B.D. Jacks. ex B.L. Rob & Fernald
and P. californicum Norr. exDurand. The plants were introduced in the M. M. Gryshko National Botanical Garden of National
Academy of Sciences of Ukraine (Forest-Steppe zone). These are representatives of the flora of North America, and they are
little known in Ukraine. Plants have useful medicinal and nutritional properties, but the biochemical composition of their
essential oils has not been sufficiently studied in the world.
Materials and methods. In the experiment, the aerial herbal part of plants collected during the flowering phase was used.
The quantitative content of the essential oil was determined by the hydrodistillation method, and its qualitative characteristics
were found by the GC-MS analysis. The chromatographic profile was obtained on an Agilent Technologies 7890. The compo-
nent composition of the essential oil was determined on a gas chromatograph with a HP 6890 mass spectrometric detector
with a mass spectrometric detector 5973. We used a mass spectrometric detector 1.6 — 800 a.o.m., El ionization, SIM & Scan
mode, “Hewlett Packard”, USA. Identification of essential oil components was performed using the NIST mass spectrum
library in combination with AMDIS content-time identification programs.
Results and discussion. P, virginianum was found to produce 1.96 + 0.17 % of essential oil, in which 12 compounds out of 13 were
identified; P. californicum had 2.66 + 0.13 % of essential oil, 13 compounds out of 15 were identified. The essential oil sam-
ples obtained have pulegone as the dominant component: P. virginianum — 44.65 %, P. californicum — 86.07 %. In addition to
it, they also contain thymol, myrcene, 1.8-cineole, menthone, limonene and other compounds.
Conclusions. For the first time, the qualitative and quantitative composition of the essential oils of plants of P. virginianum
and P. californicum species introduced in Ukraine has been determined. The results obtained indicate that when introduced
plants have a high biosynthesizing ability to produce essential oil. Pulegone has been found to be the dominant component;
therefore, the essential oil can be classified as a pulegone-type essential oil. We believe that the raw material of P. virginianum
and P. californicum are potentially suitable for use in perfumery, cosmetics, aromatherapy, personal care products, dentistry,
and in the pharmaceutical and food industries.
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XimiuHi KomnoHeHTH edipHUX ONill i3 HAA3EeMHUX YaCcTUH pocauH Pycnanthemum virginianum
i P. californicum (Lamiaceae)
AHoTauinA
Merta. B1U3HauMTK AKICHMI cKnag Ta KifbKiCHUMI BMICT edipHMX 0Nl y HaA3eMHiN YacTuHI ABoX BUAiB poay Pycnanthemum
Michx. (Lamiaceae) — P. virginianum (L.) T. Durand & B.D. Jacks. ex B.L. Rob & Fernald ta P. californicum Norr. ex Durand.
PocnuHu iHTpoaykoBaHo B HauioHanbHomy 6o0TaHiyHOMY cagy imeHi M. M. lpuwka HAH YkpaiHu (nicoctenosa 30Ha).
Lle npeactaBHMKKM dpnopu MisHiYHOT AMepurKM, a B YKpaiHi BOHM ManoBigomi. POCAMHM MatoTb KOPUCHI liKyBa/ibHi Ta Xap4oBi
B/1ACTUBOCTI, ane 6ioxiMiuHWUI cknag, ixHix edipHUX 0Nl y CBIiTi BUBYEHO HEAOCTATHbLO.
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Martepianu Ta metogu. B ekcnepmmeHTi BUKOPUCTAHO HaA3eMHy TPaB’sHy YacTMHY POCAMH, 3ibpaHy y ¢as3y KBiTyBaHHSA.
KinbkicHMiA BmicT edipHOi onii BM3Ha4Yanu MeTogom rigpoaucTunauii, a i AKicHi xapaktepuctukm — metogom X-MC.
XpomartorpadiuHuii npodinb oTpumysanu Ha xpomatorpacdi Agilent Technologies 7890. KomnoHeHTHWUI cknag, edipHoi onil
BM3Ha4aM Ha rasoBomy xpomatorpaci HP 6890 3 mac-CNeKTpOMeTPUYHUM AeTeKTopom 5973. Mac-cnekTpoMeTpUYHNiA ae-
TekTop 1,6 — 800 a.0.m., El ioHizauis, SIM & Scan mode, «Hewlett Packard», CLUA. |aeHTM®iKaLilo KOMNOHEHTIB edipHOT onil
BMKOHYBaNM 3a gonomoroto 6ibniotekn mac-cnekTpis NIST y noeaHaHHi 3 nporpamamu igeHTudikauii Bmicty AMDIS.
Pe3ynbraty Ta ix o6roBopeHHs. BuasneHo, wo P. virginianum npoaykye 1,96 + 0.17 % edipHoi onii, y akii ineHTUdiKoBaHO
12 cnonyk i3 13 susienenux; P. californicum — 2,66 + 0,13 %, ineHTndikosaHo 13 cnonyk i3 15. OTpumaHi 3pa3ku edipHoi onii
33 AOMIHAHTHMI KOMMOHEHT MatoTb NyeroH: P. virginianum — 44,65 %, P. californicum — 86,07 %. OKpiMm HbOT0, 3pa3KuM TaKOX
MICTATb TUMOA, MipLeH, 1,8-LMHEON, MEHTOH, NIMOHEH Ta iHLi CNONYKU.

BUCHOBKMU. Yneplue BU3HAYEHO AKICHWUI Ta KinbKicHWI cknag edipHMX onit pocnuH Buais P. virginianum Ta P. californicum,
iHTpOAYyKOBaHMX B yMOBW YKpaiHu. OTpuMaHi pe3ynbTaTi cBig4aTh, WO 3a iHTPOAYKLii POC/IMHN MatoTb BUCOKY BioCUHTe-
3yBa/IbHY 34aTHICTb NPOAYKyBaTK edipHy onito. BuABNEHO, WO AOMIHAHTHMM KOMMNOHEHTOM € MyAeroH, Tomy edipHy onito
MOMKHa KBanidikyBaTu siK edipHy 0/1it0 NyNeroHHOro Tuny. BBarKaemo, Lo cupoBuHa P. virginianum Ta P. californicum noteHuin-
HO NpuAaTHa A/19 BUKOPUCTaHHA B Napdymepii, KocMeTuLi, apomaTepanii, 3acobax ocobuCToi ririeHn, ctomatonorii, y papma-

LEeBTUYHIN Ta XapyoBiih MPOMMUCIOBOCTI.

Knrouoei cnoea: iHTpoayKoBaHi pocanHu; Pycnanthemum; KomnoHeHTH edipHoi onii; FX-MC

Citation: Kovtun-Vodyanytska, S. M.; Levchuk, I. V.; Rakhmetoy, D. B.; Golubets, O. V. Chemical components of essential oils from aerial
parts of Pycnanthemum virginianum and P. californicum (Lamiaceae) plants. Journal of Organic and Pharmaceutical Chemistry 2023,

21 (1), 39-45.
https://doi.org/10.24959/0phc;j.23.273810

Received: 3 February 2023; Revised: 15 March 2023; Accepted: 25 March 2023
Copyright© 2023, S. M. Kovtun-Vodyanytska, I. V. Levchuk, D. B. Rakhmetov, O. V. Golubets. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0).
Funding: The authors received no specific funding for this work.

Conflict of interests: The authors have no conflict of interests to declare.

B Introduction

There was a need for a wider study of the che-
mical composition of the essential oils of plants
of the genus Pycnanthemum (Lamiaceae), as evi-
denced by the analysis of literary sources. In gene-
ral, a comprehensive assessment of the essential
oils of plants of the genus Pycnanthemum has
not yet been carried out. However, to fully un-
derstand the application and benefits of Pyc-
nanthemum sp. a deeper understanding of the
chemical composition of plants is needed [1].

To date, it is known that the quantitative con-
tent of essential oil and especially its qualitative
composition in different types of Pycnanthemum
is different, but the main components are pule-
gone (medicinal mint), menthone (fresh mint),
isomenthone (cereal mint), limonene (citrus), pi-
peritone (mint and camphor). The essential oil of
Pycnanthemum floridanum E. Grant & Epling has
been most fully evaluated and it contains 40 vola-
tile components [2—5].

The consequence of the different composition
of the essential oil is the difference in aroma.
Differences in aromas are observed not only at
the species level. There are reports of different
plant aromas among populations of P. virginia-
num — some have a distinct citrus scent similar
to Melissa officinalis L. or Monarda citriodora

Cerv ex Lag. Similar information regarding va-
riability in essential oil composition and aroma
is available for Pycnanthemum loomisii Nutt.
Thus, different chemotypes may exist within one
species [1, 6].

Considering a wide spectrum of the biologi-
cal activity of related genera due to the essential
oil content, it can be assumed that Pycnanthe-
mum sp. has similar properties, in particular,
antioxidant, antitumor, antiviral, antifungal and
antibacterial properties. Due to their high con-
tent of terpenes, Pycnanthemum plants have a
wide potential for application in pharmaceuticals,
cosmetics, culinary and food flavoring [1, 7].

According to the latest taxonomy, the genus
Pycnanthemum includes 22 taxa, 20 species and
2 varieties [8]. The natural range covers certain
areas of North America, administratively sub-
ordinate to the United States (mainly the states
of the eastern part of the country) and Canada
(2 southern provinces). The mountains of North
Carolina (USA) are considered to be the center
of species diversity [9].

Plants of the genus Pycnanthemum are her-
baceous perennials up to 80 cm high. The aerial
part of the plants contains secondary metaboli-
tes — essential oils. On the American continent
there is a long tradition of using Pycnanthemum sp.
by the aboriginal population for medicinal purposes
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(in indigestion, colitis, dyspepsia, colds, head-
aches), in cooking and in ritual ceremonies [10, 11].
An interesting historical reference about the use
of Pycnanthemum is a book of the 19" century.
The 1898 edition of the “Royal American Dispen-
sary” mentions the genus Pycnanthemum and its
medicinal properties: “Pycnanthemum is diapho-
retic, stimulant, antispasmodic, carminative and
tonic. A warm infusion is very useful for postpar-
tum, remitting and other forms of fever, cough,
cold, catarrh, etc., and it is very useful for spas-
modic diseases, especially colic, stomach spasms,
spasms in babies.” [12].

Pycnanthemum sp. are also used as good ho-
ney plants and ornamental plants [13].

In Ukraine, the Pycnanthemum genus is prac-
tically not found either in scientific or private
collections and is little known. However, taking
into account the useful properties of plants of this
genus and the possibility of their complex use,
they are promising for research. In particular,
insufficient study of the biochemical composition
prompted us to conduct a series of experimental
studies. The results of one of them are present-
ed in this work.

B Materials and methods

Plant source

The studies used plants of two species, P. vir-
gintanum and P. californicum. These plants were
introduced into the Department of Cultural Flo-
ra of M. M. Gryshko National Botanical Garden
of the National Academy of Sciences of Ukraine
(NBG) in 2014 and 2017, respectively.

The plants were grown from seed material
obtained from scientific botanical institutions in

the Czech Republic within the framework of the
“Index Seminum” exchange system. The growth
conditions were as follows: open soil, Forest-Steppe
zone of Ukraine. Generatively adult plants are
shown in Figure 1 (a, b).

In 2021, the raw material was harvested and
analyzed. Harvesting of the raw material was
carried out during the phase of mass flowering of
plants. Under the raw material of these species,
we mean the above-ground herbal leafy part — a
mixture of leaves, inflorescences and stems.

Isolation of the essential oils

The fresh above-ground part of plants was
collected on a sunny day, during lunch hours.
Then they were crushed into fragments of 1-1.5 cm
and left to wither for 24 hours. Next, the raw
material was dried to an air-dry state using an
Eridri ULTRA FD1000 dryer. Weighing sam-
ples of the raw material was carried out on the
VLKT-500 g—M scales. The essential oil was ob-
tained by hydrodistillation using an apparatus
with a Clevenger-type nozzle. The sample weight
was 35 g. The multiplicity of the experiment was
3-fold. The exposure time was 1.5 hours (from the
moment the water boils).

The Gas chromatography — Mass spec-
trometry analysis (GC-MS)

The chromatographic profile was obtained on
an Agilent Technologies 7890 gas chromatograph
using a vi-bms (5%-phenyl)-methylpolysiloxane)
capillary column, 25 m long, with an internal dia-
meter of 0.25 mm and a stationary phase thickness
of 0.33 um under the following conditions: gas ve-
locity — carrier — 1.0 mL min™!; flow split ratio —
1:20; evaporator temperature — 250 °C; detector
temperature (DEP) — 280 °C; column temperatu-
re regime — gradual heating from 60 °C to 185 °C.

b

Figure 1. Pycnanthemum virginianum (a) and P. californicum (b) introduced in the M. M. Gryshko National Botanical Garden

of the NAS of Ukraine (Kyiv, Ukraine)
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The component composition of the essential
oil was determined on a gas chromatograph with
a HP 6890 mass spectrometric detector with a
mass spectrometric detector 5973. We used a mass
spectrometric detector 1.6 — 800 a.o.m., Kl ioniza-
tion, SIM & Scan mode, “Hewlett Packard”, USA.
The chromatographic conditions were as follows:
chromatographic column — capillary HP-5ms
(5%-phenyl)-methylpolysiloxane), outer diame-
ter — 0.25 mm, length — 30 m; carrier gas — he-
lium; carrier gas velocity — 1.2 mL min™!; sample
injection heater temperature — 180 °C.

The oven temperature was programmable from
62 to 165 °C at a rate of 5 deg min~'. The sample
injection (1 pL) was without flow split. For the
identification of essential oil components, the
NIST mass spectrum library was used in combi-
nation with AMDIS content-time identification
programs.

B Results and discussions

Under the conditions of the NBG, the intro-
duced species P. virginianum and P. californi-
cum have a high content of essential oil in the
raw material. It has been experimentally deter-
mined that in the aerial part of P. virginianum
the content of essential oil is 1.96 + 0.17%, in
P. californicum — 2.66 + 0.13%. They differ in
color — in P. virginianum, the essential oil is
transparent with a barely noticeable yellowish

tinge, and it is colorless transparent in P. cali-
fornicum. There were 13 components found in
the essential oil of P. virginianum, 12 of them
were identified. As can be seen from Table 1, the
main odorants include pulegone (44.65%), thymol
(20.16%), menthone (6.61%), isomenthone (5.75%),
limonene (2.73%), caryophyllene (2.72%), p-cymene
(2.36%), myrcene (1.91%). The chromatogram of
the P. virginianum essential oil is shown in Fi-
gure 2.

The presence of the chemical characteristics
of P. virginianum essential oil in the literature
made it possible to compare it with our sample
shown in Table 2.

The publication covering the results of stud-
ying the essential oil of 4 varieties of P. virgi-
nianum (Alabama A&M University Research Sta-
tion, North Alabama, USA) was used [7]. In the
samples from North Alabama, the chemical pro-
files of 4 samples were taken into account, which
harvesting was in October 2020 on the 155% day
after planting the plants from the greenhouse
into the open ground. We analyzed the entire
flowering aerial herbal part, and colleagues pre-
sented the results of screening the essential oil
extracted from leaves of the plants. Despite the
differences in the experimental material and the
lack of other information, we nevertheless used
this material and made a comparison.

Obviously, according to the concentration of pu-
legone, thymol, and caryophylene in the essential
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Figure 2. Chromatogram of the Pycnanthemum virginianum essential oil
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Table 1. Chemical constituents of the essential oil
of Pycnanthemum virginianum

Table 2. The content of major components in the essential oil
of Pycnanthemum virginianum, in the samples of NBG
(our own analysis) and North Alabama (Setzer et al., 2021)

No Compounds RetTime, min iiggier; :
4 Content of dominant compounds, %
1 |1-Octen-3-ol 12.911 0.88 Compounds
2 | Myrcene 13.588 1.91 NBG North Alabama
3 |p-Cymene 16.509 2.36 1-Octen-3-ol 0.88 1.8-2.0
4 |Limonene 16.833 2.73 Myrcene 1.91 0.4-2.6
5 |Menthone 19.003 6.61 p-Cymene 2.36 7.1-8.7
6 |Isomenthone 25.508 5.75 Limonene 2.73 1.3-5.5
7 |trans-lsopulegone 26.000 1.09 Menthone 6.61 3.8-9.9
8 |Pulegone 28.682 44.65 Isomenthone 5.75 0.4-54.7
9 |Unidentified 29.058 9.93 trans-lsopulegone 1.09 1.1-41
10 | Thymol 30.827 20.16 Pulegone 44.65 10.8-29.8
11 |Carvacrol 32.051 0.48 Thymol 20.16 0.2-22.1
12 |Caryophyllene 33.060 2.72 Carvacrol 0.48 14
13 |Germacrene D 34.373 0.71 Caryophyllene 2.72 0.2-1.0
Total 99.98 Germacrene D 0.71 0.7-1.5

oil, the P. virginianum sample from NBG occu-
pies a leading position. This is despite the fact
that the whole herbaceous aboveground part of
the plants was subject to analysis, i.e., the sam-
ple included not only leaves and inflorescences
as organs of the highest encountering frequency
of essential oil glands, but also stems, which had
a low indicator them.

15 components were found in the essential
oil of P. californicum, 13 of them were identified.
The key odorants were pulegone (86.07%), iso-
menthone (8.77%), trans-isopulegone (1.85%),

1,8-cineole (1.14%), 1-octen-3-ol (0.33%), myrce-
ne (0.2%), neryl acetate (0.21%) and limonene
(0.11%) as evidenced by the data in Table 3.
The chromatogram of P. californicum essential
oil is shown in Figure 3.

In both species, the dominant component of
the essential oil is pulegone (P. californicum —
86%, P. virginianum — 45%) although the quali-
tative set of components that form the aroma
and pharmacological properties of the essential
oil by the quantitative content differ in these
two introduced species.
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Figure 3. Chromatogram of the Pycnanthemum californicum essential oil
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Table 3. Chemical constituents of the essential oil
of Pycnanthemum californicum

. . Content

No Compounds RetTime, min index, %
1 |Sabinen 12.182 0.09
2 | 1-Octen-3-ol 12.651 0.33
3 [ Myrcene 13.641 0.20
4 | 1.8-Cineol 16.959 1.14
5 |Limonene 17.148 0.11
6 |cis-Sabinene hydrate 18.187 0.03
7 |Isomenthone 25.407 8.77
8 |trans-lsopulegone 26.148 1.85
9 |Pulegone 29.598 86.07
10 | Neryl acetate 30.579 0.21
11 | Thymol 30.862 0.07
12 | Carvacrol 32.121 0.09
13 | Unidentified 34.416 0.27
14 | Unidentified 36.078 0.44
15 | Caryophyllene oxide 36.441 0.08
Total 99.74

Pulegone belongs to the group of monoterpe-
ne ketones, has a sweetish pleasant aftertaste and
a refreshing aroma reminiscent of mint. In this,
it is similar to other “minty” terpenes — camphor
and isopulegon, which also have a cool minty
aroma.

Six genera of Lamiaceae (Acinos, Calamintha,
Cyclotrichium, Mentha, Micromeria and Zizipho-
ra) have been found to contain pulegone as the
main component of their oils. Pulegone was first
obtained from Mentha pulegium L., hence the
name. Taking into account the dominant role of
pulegone in the composition of P. virginianum
and P. californicum essential oils, the raw ma-
terial of these species is promising for practical
use, for example, as a substitute for M. pulegium,
in particular the well-known spice “ombalo” —
a mixture of dry leaves and inflorescences from
M. pulegium [14]. According to published data,
the content of pulegone in the essential oil of
M. pulegium varies within 40-45% depending
on the origin of the raw material — 43.5% (Egypt)
[15], 40.98% (Morocco) [16], 48.7% (Iran) [17],
65.0—-83.1% (India) [18], 28.9% (Turkey) [19].
At the same time, it is known that the commer-
cial essential oil of M. pulegium contains about
84% pulegone (Center for Aromatic Plant Re-
search, Lehi, Utah, USA) [7].

Pulegone is used in perfumery, cosmetics, aro-
matherapy, personal care products, dentistry,

and as a source of menthol. In medicine, it is
applied as a remedy for colds and coughs, and in
the food industry — as a flavoring of foods and
alcoholic beverages. Taking into account all the
positive characteristics, you should still adhere
to certain rules for using pulegone. To date, there
are no toxicokinetic studies in humans regard-
ing the effects of pulegone, but there are some
studies done in other mammals. When pulegone
1s ingested, it is broken down in the liver and
reacts to form numerous toxic metabolites that
can cause harm to the body, in particular a ne-
crotic effect on the liver. Some metabolites iden-
tified are mentofuran, piperitenon, piperitone and
menthone. If there are no restrictions on the use
of pulegone in perfumery and cosmetics, they do
exist in the food industry. In particular, for food
products, the rate of use of pure pulegone is
25 mg kg, soft drinks, sweets — 100—350 mg kg!
[20]. Due to the high concentration of pulegone
in the essential oil of P. californicum and P. vir-
ginianum introduced, their raw material can also
be offered as an alternative to synthetic pesti-
cides and as a natural repellent.

B Conclusions

In the M. M. Gryshko National Botanical Gar-
den of the NAS of Ukraine (Forest-Steppe zone),
plant species of the North American flora —
P. virginianum and P. californicum family La-
miaceae, which are new to Ukraine, have been
introduced. According to the results of labora-
tory studies, it has been found that plants of
these species during the flowering period have
a high content of essential oil in the aerial part:
in P. virginianum, the content of essential oil is
1.96 £ 0.17%, P. californicum it is 2.66 + 0.13%.
The qualitative and quantitative content of the
essential oil in these plant species show that
they contain the essential oil of a pulegone type
since this substance is the prevailing component
in their oil. This fact has an impact on the prac-
tical use of essential oils, as well as the aerial
herbal part of plants of these species. We believe
that the raw material of P. virginianum and
P. californicum are potentially suitable for use
in perfumery, cosmetics, aromatherapy, personal
care products, dentistry, and in the pharmaceu-
tical and food industries.
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