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Study of the phenolic compounds of the dry extract of Thymus crebrifolius
using a combined HPLC-UV and HPLC-ESI-MS/MS method

In world practice interest in herbal medicines is noticeably increasing every year. From this point of view,
plants of the Thymus L. genus of the Lamiaceae family are of undoubted interest. Previously we have obtained
a dry extract from the aerial part of an endemic plant of the flora of Kazakhstan Thymus crebrifolius Klokov for
the first time by double extraction of raw plant materials with 70% ethanol using ultrasound.. Dry extract of
Thymus crebrifolius has a wide spectrum of antimicrobial activity, including against Helicobacter pylori, while
it is not toxic, and can be used as an antimicrobial agent. The article presents the results of a study of the
composition of phenolic compounds of dry extract of Thymus crebrifolius using a combined HPLC-UV and
HPLC-MS/MS method. 12 phenolic compounds have been identified and quantified inthe dry extract of Thy-
mus crebrifolius. Four of them are phenolic acids, and eight are flavonoids. The dominant phenolic compounds
are luteolin-7-O-glucoside (109.00 mg g'), rosmarinic acid (30.98 mg g™!), naringenin (24.84 mg g™'), epicat-
echin (9.98 mg g!), myricetin (6.15 mg g') and gallic acid (3.41 mg g ™). The results of chromatographic
analysis will be used to standardize drugs based on dry extract of Thymus crebrifolius.

Keywords: Thymus crebrifolius Klokov, dry extract, HPLC-UV, HPLC-ESI-MS/MS, phenolic acids, flavo-
noids, luteolin-7-O-glucoside, rosmarinic acid.

Introduction

In world practice, interest in herbal medicines is noticeably increasing every year. At the same time,
special importance is attached to the study of wild-growing plants and their use both in the form of medicinal
raw plant materials and for the production of new drugs.

From this point of view, plants of the Thymus L. genus of the Lamiaceae family are of undoubted interest.
The attention of researchers has long been attracted by plants of the genus Thymus L., whose representatives
are a source of medicinal plant materials with a wide spectrum of action.

The State Pharmacopoeia of the Republic of Kazakhstan includes the herb Thymus serpyllum L. and the
herb Thymus vulgaris L. as medicinal plants [1]. In official medicine these herbs are used as a medicinal plant
material with antibacterial, astringent, anti-inflammatory, sedative, anticonvulsant, expectorant, antispas-
modic, choleretic, analgesic, diuretic, wound healing and anthelmintic effect. It is used in the form of decoc-
tions and infusions [1].

At the same time, a possible reduction in stocks of medicinal raw plant materials leads to the need to
expand the raw material base of official medicinal plants at the expense of additional plant sources and their
complex use. Theresults of study of the distribution of the genus Thymus L. showed that 15 species grow on
the territory of Central Kazakhstan, 5 of them are endemic, including Thymus crebrifolius Klokov. It should
be noted that Thymus vulgaris L. does not grow in the Karaganda region. In Central Kazakhstan, the most
common Thymus serpyllum L. Thymus crebrifolius form large thickets in certain geographical areas, for ex-
ample, in the Ulytau mountains [2]. According to the results of a survey of raw materials on the territory of
the Karaganda region, Thymus crebrifolius has sufficient general operational reserves and possible volumes of
annual procurements for use in pharmacy and medicine. However, the composition and biological properties
of Thymus crebrifolius remain largely unexplored.

Previously we have obtained a dry extract from the aerial part of Thymus crebrifolius Klokov for the first
time by double extraction of plant raw materials with 70% ethanol using ultrasound. Dry extract of Thymus
crebrifolius has a wide spectrum of antimicrobial action, including against Helicobacter pylori. It is non-toxic,
and can be used as an antimicrobial agent both individually and in complex therapy [3].

Therefore, the purpose of our work is to study the phenolic compounds of the dry extract of Thymus
crebrifolius using the HPLC-UV and ESI-MS/MS combined method.
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Experimental

For study the aerial part of Thymus crebrifolius Klok. was collected in the population of the Karaganda
region of the Republic of Kazakhstan, in the vicinity of the city of Zhezkazgan in the Ulytau mountains
(N 48°4213'; E 66°5910") in June 2020 in the full flowering phase. Raw plant materials were dried, crushed
and stored in accordance with the requirements of the State Pharmacopoeia of the Republic of Kazakhstan for
medicinal plants [1]. Botanical identification was confirmed at the Institute of Botany and Phytointroduction
of the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan (conclusion
on the species belonging of plant samples No. 01-04/261).

Dry extract of Thymus crebrifolius was obtained by double extraction of air-dry raw materials (leaves,
flower baskets and thin stems) with 70% ethanol, without soaking. The ratio of raw material mass and extract-
ant volume was 1:20. This was carried out in an Ultrasonic Cleaner at an ultrasonic frequency of40 kHz at
room temperature (20-22 °C) for 30 minutes. After ultrasonic treatment, the liquid extracts were filtered and
the extractant was evaporated on a rotary evaporator to dryness at a temperature of 50.°C [3]. Dry:extract of
Thymus crebrifolius is a dark green mass with a specific odor, which is easily soluble in.70% ethanol, dime-
thylsulfoxide, partially soluble in purified water, chloroform, ethyl acetate. The yield of dry extract of Thymus
crebrifolius was 5.76+0.07 %, in terms of air-dry raw materials. The quality indicators-of the obtained dry
extract of Thymus crebrifolius met all the requirements of the analytical regulatory document.

High-performance liquid chromatography (HPLC) combined with an ultraviolet detector (UV) and real-
time tandem mass spectrometry (ESI-MS/MS) were used to analyze the polyphenolic. compounds of ultrasonic
extract. The following reagents were used in the study: acetonitrile (ACN) for HPLC (>99.9%, Sigma-Aldrich,
France), formic acid (99-100 %, AnalaR NORMAPUR®, VWR Chemicals; France), highly purified water
was prepared using a Milli-Q water purification system (Millipore;.France). The 17 selected phenolic com-
pounds, standards (gallic acid, caffeic acid, chlorogenic acid, ferulic acid, rosmarinic acid, catechin, epicate-
chin, naringin, rutin, luteolin-7-O-glucoside, luteolin, quercetin, apigenin, kaempferol, dihydroquercetin, my-
ricetin, naringenin) were purchased from Sigma-Aldrich (USA).

The analysis was performed on an “Agilent 1260 Infinity HPLC system” liquid chromatograph (Agilent
Technologies, USA), equipped by G1311C 1260 Pump VL, autosampler G1329B 1260 ALS, thermostatted
column compartment G1316A 1260 TCC; variable wavelength detector G1314C 1260 VWD VL+ and mass-
spectrometer G6130A Quadrupole LC-MS/MS. Operated by Windows NT based ChemStation software was
used.

Chromatographic separations were carried.out on a column with a “Zorbax Eclipse Plus C18” reversed-
phase sorbent (150 mm x 4.6 mm, 3.5 um, Agilent Technologies, USA). For the separations a gradient of
mobile phase A (2.5 % (v/v) formic acid in water) and mobile phase B (2.5 % (v/v) formic acid in acetonitrile)
was used. The gradient profile was set as-follows: 0.00 min 3 % B eluent, 5.00 min 10 % B eluent, 10.00 min
20 % B eluent, 15.00 min 30.% B-eluent; 45.00 min 40 % B eluent, 50.00 min 30 % B eluent, 55.00 min 20 %
B eluent and 60.00 min 3 % B eluent. The flow rate was 0.4 mL/min, the column temperature was 30 °C. The
ultrasonic extracts.and standards. were dissolved in a mixture of solvents acetonitrile : water = 1:1 (v/v). The
injection volume was 20 pL for ultrasound extracts and for standards. The column effluent passed through a
UV detector before arriving in the MS interface. UV detection wavelengths were 280 nm and 360 nm. The
electrospray ionization-mass spectrometry detection was performed in negative mode with the following opti-
mized parameters; capillary temperature 350 °C; drying gas N, 8 L/min; nebulizer pressure 45 psi. Data gain-
ing was performed using multiple reactions monitoring (MRM) method that only monitors specific mass tran-
sitions during preset retention times.

The identification of each compound was performed by comparing their retention times with authentic
standards and also confirmed by an Agilent G6130A LC-MS/MS spectrometer equipped with an electrospray
ionization source. The quantitative content of phenolic compounds in the ultrasonic extract was calculated by
the method of an external standard [4].

Results and Discussion

The composition of phenolic compounds of dry extract of Thymus crebrifolius was studied for the first
time using HPLC-UV and ESI-MS/MS combined method. The composition of the phenolic substances of the
dry extract of Thymus crebrifolius and the mass spectra for the identified compounds in the negative ionization
mode are listed in Table 1. The HPLC-UV and HPLC-ESI-MS/MS chromatograms of the test extract and the
identified phenolic compounds are shown in Figure 1.
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Figure 1. HPLC-UV and HPLC-ESI-MS/MS chromatograms, the total ion chromatogram (TIC)
and of the identified phenolic compounds of dry extract Thymus crebrifolius (SIM)

20 Bulletin of the Karaganda University



Study of the phenolic compounds ...

Table 1

Identification and content of phenolic compounds of dry extract of Thymus crebrifolius

Retention time M-H~ . . Quantification
Peak (min) (mi2) Compound identity (mg g~! dry extract)
1 4.932 169 Gallic acid 3.4120.16
2 13.466 353 Chlorogenic acid 0.82+0.08
3 15.588 289 Catechin 1.2740.09
4 17.187 289 Epicatechin 9.98+0.12
5 19.166 609 Rutin 3.434+0.18
6 19.880 447 Luteolin-7-O-glucoside 109.00+1.18
7 21.926 193 Ferulic acid 0.04+0.01
8 22.699 359 Rosmarinic acid 30.98+0.24
9 23.327 317 Myricetin 6.15+0.37
10 33.723 271 Naringenin 24.84+32
11 37.057 285 Luteolin 0.10£0.01
12 38.924 285 Kaempferol 0.60+0.05

The use of a “Zorbax Eclipse Plus C18” column with a particle size of 3.5 um and a gradient elution
mode made it possible to achieve a satisfactory separation of o > 1. Identification and assignment of each
compound was performed by comparing their HPLC-UV retention times and HPLC-ESI-MS/MS mass-spectra
with data from authentic phenolic standards and by the addition of witness taps. Phenolic compounds were
quantified by the integration peaks on HPLC-UV chromatograms using an external standard method.

The dry extract of Thymus crebrifolius contains such phenolic acids, as gallic acid, chlorogenic acid,
ferulic acid and rosmarinic acid. The flavonoids identified in the studied extract belong to the groups flavanols
(catechin, epicatechin), flavones (luteolin-7-O-glucoside, luteolin), flavonols (rutin, myricetin, kaempferol),
flavanone (naringenin). The dominant phenolic compounds are luteolin-7-O-glucoside (109.00 mg g '), ros-
marinic acid (30.98 mg g '), naringenin (24.84 mg g'), epicatechin (9.98 mg g '), myricetin (6.15mg g™') and
gallic acid (3.41 mg g ).

The literature reports that the qualitative composition‘and quantitative content of phenolic compounds in
plants of the genus Thymus L. vary depending on the species, geographical region, climatic conditions, grow-
ing environment and growing season. Rosmarinic acid is the most common phenolic acid in extracts of the
genus Thymus L. It has a wide spectrum of biological activity: anti-inflammatory, antitumor, antiproliferative,
antiviral and others. Rosmarinic.acid is one of the most effective natural antioxidants. Luteolin-7-O-glucoside
is the most common flavonoid in extracts.of the genus Thymus L. It has a wide spectrum of biological effects,
including suppressing oxidative stress.[5—7].

Luteolin-7-O-glucoside and rosmarinic acid are identified as the main components not only in dry extract
of Thymus crebrifolius Klok., but also in dry extracts of two chemotypes Thymus serpyllum L. and two endemic
species Thymus rasitatus Klok., Thymus eremita Klok. Therefore, luteolin-7-O-glucoside and rosmarinic acid
can be considered.as chemical markers of plants of the genus Thymus L. growing on the territory of Central
Kazakhstan.

Conclusions

As a‘result of the study, the composition of the phenolic compounds of the dry extract of the endemic
plant of the flora of Kazakhstan Thymus crebrifolius Klokov was studied for the first time using the HPLC-
UV and ESI-MS/MS combined method. In the dry extract of Thymus crebrifolius 12 phenolic compounds have
been identified and quantified, four of them are phenolic acids, and eight are flavonoids. The dominant phe-
nolic compounds are luteolin-7-O-glucoside, rosmarinic acid, naringenin, epicatechin, myricetin, and gallic
acid. The results of chromatographic analysis will be used to standardize drugs based on dry extract of Thymus
crebrifolius.

The study was carried out with the financial support of the Science Committee of the Ministry of Educa-
tion and Science of the Republic of Kazakhstan, within the framework of grant funding project
No. AP08956260 “Development of the composition and technology of original herbal medicines for the treat-
ment and prevention of Helicobacter pylori-associated diseases”.
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C.A. UBacenko, K K. Illakapumona, A.b. bokaesa, A.b. Mapuenko,
A.B. JlaBpunenko, C.1. KonecHnaeHKO

KTCX-YK xone ZKTCX-MC/MC apaiiac 9aiciH KOJIaHYbIMEH
Thymus crebrifolius KypFak cbIFBIHABICHIHBIH ()€ HOABIK KOCHLIBICTAPBIH 3ePTTEY

OneMIiK TaxKiprbe e KbUT CaifbIH ©CIMIIK TEKTeC TOPUIiK IpemnapaTTapra JereH KbI3bIFYIIBUIBIK alTapIIbIKTai
aprhin kenexni. Ochl TyprbIIaH anFanaa, Lamiaceae tyKeiMaacsiHbie Thymus L. TyKeIMaac eciMIikTepi co3cis
KBI3BIFYIIBUIBIK TYJBIPajbl. ByFaH NeiliH yIbTpaAbIOBICTHI KOJJAHA OTHIPHIN, OCIMIIK mukizaTeiH 70 %
STAHOJMEH €Ki peT SKCTpakuumsuiay apkbuibl Thymus crebrifolius Klokov Ka3zakcTaHHBIH SHIEMHKAIIBIK,
(GIIopackIHBIH Kep YCTi OciMIiriHeH KYpFaK CBHIFBIHIBI anblHFaH Gonarsin. Thymus crebrifolius kyprak
CBIFBIH/IBICHI MUKPOOKaKapChI dCepAiH KeH crekTpine ue, consly iminae Helicobacter pylori-re kateicTsi, yibt
eMec JKOHE OHBI MHKPOOKAKapcChl Ipemapar peTiHae maiganmanyra Oomanpl. Makamaga JKTCX-VK xone
JKTCX-MC/MC apanac oficis niaiaanana oTeipsin, Kazakcran (opachlHBIH SHIEMHUKAJIBIK ociMairi Thymus
crebrifolius Klokov Kyprak ChIEBIHABICHIHBIH (DEHOJ/IBIK KOCHUIBICTAPBIHBIH KYPaMBIH 3€pPTTEY HOTHXeIepi
ycoiapuFad. Thymus crebrifolius kyprak ceirbiHabICEIHIA 12 (HEHONABIK KOCBUIBICTAP COMKECTEH TP JKoHEe
CaHJIBIK TYPJE aHBIKTAI/Ibl; OJIap/bIH TOpTeyi (eHO KhIIKbULAAphI, cerizi — duaBoHouaTap. JJOMHHAHTTHI
(deronmpIK KOChUIBICTAP JroTeonuH-7-O-rmoko3un (109,00 mr/r), posmapun Kprmksuiel (30,98 mr/r),
HapuHTeHuH (24,84 mr/r), smukarexus (9,98 mr/r), mupunerus (6,15 mr/r) xoHe ramn Kpimksuist (3,41 mr/t)
6ol TabbLTAABL.  XpoMatorpadusuislk Tangay HoTmkexepi Thymus crebrifolius kyprak ChIFBIHIBICHIHA
HETI3[IeNTeH Jopi-IopMeKTepli CTaHIapTTay YIIiH KOJITaHBUIA b

Kinm < co30ep: Thymus crebrifolius Klokov, xyprak ceirbiaas, JXTCX-YK, XTCX-MC/MC, denon
KBILIKBUTAAPHL, (hITaBOHOMITAD, JIIOTEOINH- 7 -O-TIII0K03H I, PO3MapHH KBIIIKBUIBI.

C.A. UBacenxko, K K. Illakapumona, A.b. bokaeBa, A.b. MapueHnko,
A.B. JIaBpunenko, C.1. Konecanuenko

N3yuenne peHOJBLHBIX COeTMHEHHNH CyXoro skcTpakTa Thymus crebrifolius
C UCMOJIb30BaHNEeM KOMOMHUPOBAHHOTO MeToAa BIKX-YD u BIKX-MC/MC

B MHpOBO#1 MPaKTHKE ¢ KaXIbIM TOJOM 3aMETHO BO3PACTaeT MHTEPEC K JICKAPCTBEHHBIM IIperapaTaM pacTH-
TeTBHOTO NpoucxoxaeHus. C 3TON TOYKH 3peHust 0co00e BHUMAHKE MPUBJICKAIOT pacTeHus poaa Thymus L.
cemeiictBa Lamiaceae. Hamu paHee BrepBbIe MMOIYyUYCH CYXOM SKCTPAKT M3 HAJ3eMHOM YacTH SHIEMHYHOTO
pacrenus ¢uopsl Kasaxcrana Thymus crebrifolius Klokov aBykparHoii sxcTpakiueii pacTHTEIBHOTO ChIPS
70 %-HbBIM 3TAHOJIOM C HCIIOJIb30BaHKeM yibTpasByka. Cyxoit akctpakT Thymus crebrifolius o6iamaet mupo-
KHM CIIEKTPOM aHTUMUKPOOHOTO JeicTBHs, B ToM uucie B otHomenun Helicobacter pylori, mpu sTom ou e
TOKCHYEH W MOXET ObITh HCIIOJb30BaH B Ka4ECTBE aHTHMHKPOOHOrO CpelcTBa. ABTOpaMH IPE/ICTaBJICHEI
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Ppe3yJIbTaThl HCCIICIOBAHMS COCTaBa (PEHOBHBIX COSIMHEHHI CyX0oro skcTpakra Thymus crebrifolius ¢ ucmosns-
30BaHHEM KOMOMHHpOBaHHOTO MeTona BIXKX-Y® u BOXX-MC/MC. B cyxom skcrpakre Thymus crebrifo-
lius uaeHTHGUIHPOBAHO U KOJIMYECTBEHHO Onpe/esieHo 12 (eHOMBHBIX COSANHEHHI, U3 HUX 4 — (DeHONIbHBIC
KUCIOTHI, 8 — draBoHOUABI. JIOMUHUPYOMUMH (hEHOIBHBIMU COCAHHEHHSAMH SBIISIFOTCS JTFOTCONHH- 7 -O-TI1t0-
ko3uzx (109,00 mr/r), posmapuHoBas kuciora (30,98 mr/r), Hapunrenu (24,84 mr/r), snukarexus (9,98 mMr/r),
mupunetus (6,15 Mr/r) u ramwiosas kuciora (3,41 mr/t). Pesynbrarsl XxpomaTorpaguueckoro aHanmsa OyayT
HCHOJIb30BaHbI ISl CTaHAaPTU3aLMHU JICKAPCTBEHHBIX CPEACTB Ha OCHOBE CyXOro skcrpakra Thymus crebrifo-
lius.

Knroueswie crnosa: Thymus crebrifolius Klokov, cyxoii skcrpakr, BOXX-Y®, BOXX-MC/MC, denonbHbie
KHUCIIOTHI, (pJIAaBOHOMIBL, JIFOTEOIUH-7-O-TIII0KO3U, PO3MApUHOBAsE KUCIIOTA.
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