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Carboxylic acids of phenolic complexes from Veronica
teucrium L.

Aim. To compare and study low molecular aliphatic, fatty and aromatic acids of phenolic complexes (PhC) ob-
tained from V. teucrium L. flowers, leaves and rhizomes using chromatography-mass spectrometry.

Materials and methods. Phenolic complexes from flowers, leaves and rhizomes were obtained by the exhaus-
tive circulating extraction method in a Soxhlet apparatus. The analysis of methyl esters of acids was performed on
a 5973N/6890N MSD/DS Agilent Technologies (USA) chromatograph using the chromatography-mass spectrometry
method. The sample injection in a HP-INNOWAX (0.25 mm x 30 m) chromatographic capillary column was performed
by a splitless mode. Identification of methyl esters of acids was performed based on the calculation of the equivalent
length of the aliphatic chain (ECL) using data from the mass spectra libraries NIST 05 and Willey 2007 in combination
with programs for identifying AMDIS and NIST; the retention time of esters was also compared with the retention time
of standard compounds (Sigma). The internal standard method was used for quantitative calculations.

Results and discussion. As the result of our study low molecular aliphatic, fatty and aromatic acids have been
identified in phenolic complexes of V. teucrium L. flowers, leaves and rhizomes for the first time, their quantitative
content is as follows: 2.34 % — in the complex from flowers, 2.78 % — in the complex from leaves, and 2.10 % — in
the complex from rhizomes. In the phenolic complex from flowers low molecular aliphatic acids (malonic, levulinic,
succinic, 3-hydroxy-2-methylglutaric); fatty acids (palmitic and linolenic); aromatic acids (vanillic, p-coumaric and p-
hydroxybenzoic) prevail. The dominant compounds in the phenolic complex from leaves are low molecular aliphatic
acids (malonic, levulinic, succinic, 3-hydroxy-2-methylglutaric, malic); fatty acids (palmitic, oleic, linoleic, linolenic); and
aromatic acid (ferulic). In the phenolic complex from rhizomes low molecular aliphatic acids (levulinic, succinic, malic);
fatty acids (palmitic, stearic, oleic, linoleic, linolenic); aromatic acids (veratric, vanillic, syringic, ferulic) dominate.

Conclusions. As the result of our study for the first time the following components have been identified in phenolic
complexes: 40 low molecular aliphatic, fatty and aromatic acids — from flowers, 39 — from leaves, 38 — from rhizomes.
The content of carboxylic acids in phenolic complexes is 2.34 % — from flowers, 2.78 % — from leaves, 2.10 % — from
rhizomes. It has been found that the herbal drug of V. feucrium L. is a source of valuable biologically active acids with
different pharmacological effect.

Key words: Veronica teucrium L.; low molecular aliphatic acids; fatty acids; aromatic acids; phenolic complex
from flowers; leaves and rhizomes

A. T1. Ocbmauko, A. M. KoeanboBsa, T. B. InbiHa, O. M. KoLiosui
Kap6oHoBi knucnotu coeHonbHMX komnnekciB Veronica teucrium L.

MeTta po60TH — NOpiBHAMNbHE XPOMAaTO-Mac-CreKTPOMeTPUYHE AOCHIAXEHHS HU3bKOMONEKYNSAPHUX anidpatnyHux,
APOMATUYHUX i XKUPHUX KUCMOT Y (DEHOMBHNX KOMMIEKCax, OTPUMaHMX 3 KBITOK, TUCTS | KOPEHEBULL, BEPOHIKN LLNPO-
konucrtoi (V. teucrium L.).

MaTepianu Ta metoan. PeHOMbHI KOMMNNEKCH 3 KBITOK, NIUCTSA | KOPEHEBULL, OTPMMYBaNN METOA0M BUYEPMHOT
LUMpKyNnSaUinHoi ekcTpakuii B anapati Cokcneta. AHania MeTUnoBux ecTepiB KMCMNOT NpOBOAUIN METOAOM XpoMaro-
mMac-crnekTpomeTpii Ha xpomatorpadi 5973N/6890N MSD/DS Agilent Technologies (USA). BBegeHHsi npobu B xpo-
matorpadivHy kaninsapHy konoHky HP-INNOWAX (0,25 mm x 30 m) npoBoaunu B pexumi splitless. lpeHTudikauio
METUMOBUX ECTEPIB KMCIOT NPOBOAMITM HA OCHOBI PO3paxyHKy eKBiBaNeHTHOT AOBXUHM anidaTtnyHoro naHutora (ECL)
3 BUKOPMCTaHHAM AaHux 6ibniotekn mac-crnektpie NIST 05 i Willey 2007 B noegHaHHi 3 nporpamamu Ans igeHTudikauii
AMDIS i NIST; Takox nopiBHOBanu 4ac yTpumaHHsa ectepiB 3 YHacoM YyTpUMaHHSA cTaH4apTHUX cnonyk (Sigma). Ans
KiNbKiCHMX po3paxyHKiB BUKOPMCTOBYBaNu MeTOA BHYTPILLHBLOIO CTaHAapTy.

Pe3ynbraTy Ta ix 06roBopeHHsA. B pesynbrati JocnigKeHHs1 BnepLue B (OEHOMbHMX KOMMMEKCax KBiTOK, MUCTS i
KOpEHEBMULL, BEPOHIKM LUMPOKONUCTOI Bynu ineHTUdiKoBaHi HU3bKOMONEKYNAPHI anidaTuyHi, XXUpHIi i apoMaTu4Hi Kuc-
NOTW | BCTAHOBIEHO iX KiNbKICHWI BMICT: Y KOMMNIEKCi KBITOK 2,34 %, y komnnekci nucta — 2,78 %, y KoMnneKci KopeHe-
BuL, — 2,10 %. Y heHONbHOMY KOMMIEKCi KBITOK MepeBaXKatoTb HN3LKOMOMEKYNAPHI anidaTtuyHi KCrnoTu (ManoHoBa,
nesyniHoBa, BypLUTMHOBA, 3-TiAPOKCU-2-METININYyTapoBa); XXUPHi KUCIOTK (NanbMiTUHOBA i NiHONEHOBa); apoOMaTUYHI
KMCnoTK (BaHiniHOBa, M-kymapoBa, r-rigpokcnbeHsoriHa). Y deHonbHOMY KOMMEKCH NUCTS JOMIHYHUYUMUY CrioryKa-
MU € HU3bKOMOIEKYNSAPHI anidaTnyHi KUCNoTn (ManoHoBa, NeByniHOBa, OypLUTMHOBA, 3-TiAPOKCU-2-MeTUNIIyTapoBa,
A6ny4Ha); XMPHI KUCNOTK (NanbMiTMHOBA, ONeiHoBa, fiHOMEBa, NiHONEHOBA); apomaTuMyHa kucroTa (depynosa). Y
heHONbHOMY KOMMIEKCI KOPEHEBMLL, AOMIHYHOUYMMM CNONYyKaMu € HU3bKOMONEKYNSAPHI anidaTtuyHi KucnoTtu (ne.yniHo-
Ba, OypLuTMHOBA, A06ny4YHa); XXUPHI KUCMOTK (NanbMiTUHOBA, CTeapynHOBa, ONeiHOBa, NiHOMNeBa, NiHoneHoBa); apoma-
TUYHI KUCNOTK (BepaTpoBa, BaHiniHoBa, by3koBa, dhepyrnosa).
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BucHoBku. B pesynbrati gocnigXeHHs BrnepLue igeHTUdiKoBaHi B peHOMbHMUX KOMMneKkcax: 3 KBiTok 40 HU3bKOMO-
NEKYNAPHUX anidpaTUyHmX, XXUPHUX i apoMaTUYHUX KUCNoT, 3 nucTa 39, 3 kopeHesuwy, 38. BmicT kapOoHOBMX KMCNOT Y
heHONbHNX KOMMIeKcax CTaHOBUTL: 3 KBITOK 2,34 %, 3 nucta 2,78 %, 3 kopeHesuw, 2,10 %. BctaHoBneHo, Wo cupo-
BMHA BEPOHIKM LUMPOKOSNUCTOI € [)KepPeroM BaxIMBMX BGionoriYHO akKTUBHUX KUCHOT 3 Pi3HO dhbapMaKomnoridyHo Aieto.

Knrovoei crnioea: BepoHika wupokonucma, HU3bKOMOMEKYNAPHI anichamuyHi KUCIomu; XUpHI Kucriomu;
apomamuyHi Kucriomu, ¢beHObHI KOMITIeKCU 3 K8IMOK; /IUCMS | KopeHesuw,

A. T1. Ocbmauko, A. M. Kosanesa, T. B. MinbuHa, O. H. Kowieson

Kap6oHoBble Kucnotbl peHonbHbIX KoMmnnekcoB Veronica teucrium L.

Llenb paboTbl — CpaBHUTENBHOE XPOMAaTO-MacC-CNeKTPOMETPUYECKOE NCCNegoBaHNe HU3KOMOIEKYAPHbIX anu-
daTn4ecKkmx, apoMaTU4ECKMX U XMPHBIX KUCITOT B DEHOSMBbHBIX KOMMIEKCax, MOMNyYeHHbIX U3 LIBETKOB, JIMCTLEB N KOP-
HeBULL, BePOHUKM wnpokonucton (V. teucrium L.).

MaTtepwuanbl n metogbl. PeHOMNbHbIE KOMMNIEKCHI U3 LIBETKOB, TMCTLEB M KOPHEBWLL, NMOyYany METOAOM UCHePbI-
BaloLLIEN LMPKYNALMOHHON 9KCTpakumm B annapare Cokcnera. AHanus METUNOBbIX 3PMPOB KUCMOT MPOBOAMIN METOAOM
XpomaTo-macc-cnektpometpun Ha xpomarorpade 5973N/6890N MSD/DS Agilent Technologies (USA). BeeaeHwne npo-
6bl B XxpomaTorpadmyeckyto kanunnsapHyto konoHky HP-INNOWAX (0,25 mm x 30 M) npoBoaunu B pexume splitless.
MaeHTudukaumio MeTunoBbIX 3MPOB KUCNOT NPOBOAMIN HA OCHOBE pacyeTa SKBUMBANEHTHOW ANNHbI anvdaTnyeckomn
uenu (ECL) ¢ ncnonbsoBaHvem AaHHbix 6ubnuotekn macc-cnektpos NIST 05 n Willey 2007 B coyeTaHum ¢ nporpam-
mamu ansa naeHtudpmkaummn AMDIS 1 NIST; Takke cpaBHMBanNu BpeMs yaepxaHus 3rpoB CO BPEMEHEM yAepXKaHNs
CTaHAapTHbIX coeanHeHun (Sigma). [ing KonM4ecTBEHHbIX Pac4eTOB UCMONb30Bany METOA BHYTPEHHErO cTaHaapTa.

Pesynbrathl 1 nx obeyxaeHue. B pesynsrate uccnegoBaHusi BnepBble B (DEHOMbHbBIX KOMMIEKCax LBETKOB,
TNINCTHEB U KOPHEBULL, BEPOHWKUN LLMPOKOMNMUCTHOW Bbinn naeHTnduumMpoBaHbl HU3KOMONEKYNApHble anudarmyeckue,
XVPHbIE N apOMaTUYECKUE KUCIOTbI N YCTAHOBIIEHO MX KONMYECTBEHHOE COAepXaHne: B KoMmnnekce LBeTkoB 2,34 %, B
Kommnnekce nucTeeB — 2,78 %, B komnnekce kopHesuL, — 2,10 %. B dpeHonbHOM koMMNekce LBETKOB NpeobnaaarT H13-
KOMOIneKynspHble anudatnyeckne KUCNoTbl (ManoHoBas, NeByNMHoOBas, sHTapHas, 3-rMapoKCU-2-MeTUnrnyTapoBas);
XWUPHbIE KNCNOTbI (NanbMUTUHOBAsS M NIMHOMEHOBAs); apoMaTnyeckMe KMCNoTbl (BAHUNMHOBAs, M-KymapoBas,
r-rngpokcnbeHsonHas). B dheHonbHOM KoMnnekce NMCTbEB AOMUHMPYIOWUMN COEANHEHVAMN SBNATCS HA3KOMOIe-
KynsipHble anudarnyeckmne KucnoTel (ManoHoBas, NeByNMHOBas, AHTapHasi, 3-rmapoKcn-2-MeTunryTaposas, a6moy-
Has); XMpHbIe KMCMNOTbI (NanbMUTMHOBAs, ONeUHOBAasi, NIMHONEeBas, NMMHONEHOBAas); apomartmyeckas kucrorta (de-
pynoBasi). B peHonbHOM KOMMneKkce KOpHEBULL, JOMUHUPYOLWUMN COEQUHEHNSIMN SBMASIOTCS HU3KOMOMNEKYNAPHbIE
anudaTnyeckme KMCnoThl (NeBYNMHOBAs, SHTapHas, A6noyHas); XMpHble KUCNoTbl (ManbMUTUHOBAasA, CTeapuHoOBas,
OnenHoBas, NMHONeBas, MMHOMNEHOBAst); apoMaTU4eCKne KUCMOThI (BepaTpoBasi, BaHUIMHOBas, CMpeHeBasi, epynosas).

BeiBogbl. B pesynsraTte nccnegoBaHvs BnepBble MASHTUMULMPOBaHbI B (hEHONbHbBIX KOMMIEKcax: 13 LBETKOB —
40 HM3KOMONEKYNAPHbIX anudaTnyecknx, XUPHbIX 1 apoMaTUYECKUX KUCMOT, U3 nuctbeB — 39, 13 kopHesuw, — 38.
CopepxaHne kapboHOBbIX KUCNOT B (DEHOMBHBIX KOMMMEKCax COCTaBnseT: n3 uBetkoB 2,34 %, n3 nuctbes — 2,78 %,
13 kopHeBuLy — 2,10 %. YCTaHOBMEHO, YTO Cbipbe BEPOHMKM LUMPOKOMNNCTON SABIAETCH UCTOYHUKOM BaXHbIX Gronoru-
YeCKUN aKTMBHbIX KUCINOT C pa3HbiM hapmMakonormyeckum AercTBUEM.

Knroueenie crnoga: BepoHuka wupoKonucmHasi; HU3KOMOEKYsAPHbIE anughamuyeckue KUCIOmbl; XUPHbIe
KUCiombl; apoOMamuy4ecKue KUcriomsl; (peHOMbHbIE KOMIIEKChI U3 U8emKO8; /IUCMbES U KOpHes8UL,
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The genus of Veronica L. belongs to Plantaginaceae
Juss. family and includes more than 350 species of the
world flora, which are common in the northern and north-
west areas of the forest-steppe (optimal zone) and sepa-
rate areas of the steppe zone. In the flora of Ukraine the
genus is represented by more than 50 species [1]. One
of the common species of Veronica L. on the Ukrainian
territory is unofficial species of V. teucrium L. (Veronica
broadleaf) — a herbaceous perennial plant growing on
meadows, edges of the forest, forest lawns, slopes, at
forests, in shrubs, at banks of rivers and streams, some-
times as weeds.

It should be noted that the chemical composition of
most wild species of Veronica genus of the Ukrainian
flora has not been completely studied. It is known that
V. teucrium L. herb contains phenylethanoid, phenolcar-
boxylic and hydroxycinnamic acids, hydroxycoumarins,
flavonoids, iridoids, saponins, but the chemical compo-
sition of thizomes has been studied poorly, only the pre-
sence of ascorbic acid is known [2, 3, 4, 5, 6].

Previously, the main groups of biologically active
substances (BAS) of V. feucrium L. herb and V. longifo-

lia L. herb were studied, and the extracts having a pro-
nounced antibacterial activity against Gram (-) bacteria
and a moderate activity in relation to Gram (+) bacte-
ria were obtained from them [4, 7]. It has been found
that polysaccharide complexes of V. feucrium L. leaves,
flowers and rhizomes reveal the immunomodulatory ac-
tivity [8].

V. teucrium L. is used only in folk medicine as an
anti-inflammatory, expectorant, antiseptic, hemostatic,
detoxification, choleretic remedy [9]. A wide range of
biological effects creates the preconditions for a comp-
lex phytochemical study of V. teucrium L. and the ext-
racts obtained from it.

The aim of the study was the chromatography-mass
spectrometric determination of the content of low mo-
lecular aliphatic, fatty and aromatic acids in phenolic
complexes (PhC) obtained from V. teucrium L. flowers,
leaves and rhizomes.

Materials and methods

The objects of the study were V. teucrium L. flowers,
leaves and rhizomes collected in the flowering stage in
the Kharkiv region in summer 2015.
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Fig. 1. The chromatogram of methyl esters of carboxylic acids of PhC from V. teucrium L. flowers (PhC-fl)

After obtaining the lipophilic complexes from flowers
and leaves with chloroform as an extractant, and the
complexes from rhizomes with hexane and chloroform
the extraction cakes in filter bags were dried in air be-
fore removing extractants from them and placed in fil-
ter bags in a Soxhlet apparatus, then ethyl acetate was
added and extracted while heating on a water bath (60 °C)
for 40 h. The completeness of the extraction was asses-
sed by the absence of the color of the extract in the drain
pipe and by the chromatographic method. The extracts
obtained were evaporated under vacuum to remove ext-
ractants.

The analysis of carboxylic acids of PhC was perfor-
med on a 6890N MSD/DS Agilent Technologies (USA)
chromatograph with a 5973N mass spectrometric detec-
tor using the chromatography-mass spectrometry method
[10, 11, 12]. To do this, their methylation was prelimi-
narily carried out: an internal standard (50 ug of tride-
cane in hexane) and 1.0 ml of a methylating agent — 14%
BCl, in methanol (Supelco 3-3033) were added in a vial
with 50 mg of PhC. The mixture was kept in a sealed
vial for 8 h at 65 °C, after that 0.2 ml of methylene
chloride was added with shaking for one hour, and then
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was chromatographed. The chromatographic parameters
were as follows: the sample injection — 2 pul by a splitless
mode; the flow rate — 1.2 ml/min; the period — 0.2 min;
the stationary phase — chromatographic capillary column
HP-INNOWAX (0.25 mm x 30 m); the mobile phase —
helium; the flow rate of a carrier gas — 1 ml/min; the tem-
perature of the sample injection evaporator — 250 °C.
Identification of methyl esters of acids was performed
based on the calculation of the equivalent length of the
aliphatic chain (ECL) using data from the mass spectra
libraries NIST 05 and Willey 2007 in combination with
programs for identifying AMDIS and NIST; the reten-
tion time of esters was also compared with the retention
time of standard compounds (Sigma) (Fig. 1, 2, 3).

The internal standard method was used for quantita-
tive calculations. The relative content of acids was also
calculated as a percentage of their amount (Table).

Results and discussion

The yields of PhC calculated with reference to the ab-
solutely dry raw material were: from flowers (PhC-fl) —
24.02 %, from leaves (PhC-1) — 19.77 %, from rhizomes
(PhC-rh) —8.71 %. PhC-fl is a dark brown viscous mass
with a fragrant balsamic odor; PhC-I is a dark green
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Fig. 2. The chromatogram of methyl esters of carboxylic acids of PhC from V. teucrium L. leaves (PhC-I)
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Fig. 3. The chromatogram of methyl esters of carboxylic acids of PhC from V. teucrium L. rhizomes (PhC-rh)

powder with a characteristic odor; PhC-rh is a dark brown
powder with a characteristic odor. The PhC obtained are
soluble in ethyl acetate, in 96°-50° ethanol, slightly so-
luble in water.

As the result of our study 40 carboxylic acids in
PhC-fl; 39 acids — in PhC-1; 38 acids — in PhC-rh have
been identified in phenolic complexes of V. teucrium L.
flowers, leaves and rhizomes for the first time and their
quantitative content has been determined.

In PhC-fl 10 low molecular aliphatic, 16 fatty and 14
aromatic acids have been identified; in PhC-1 — 10 low
molecular aliphatic, 17 fatty and 12 aromatic acids; in
PhC-rh — 10 low molecular aliphatic, 17 fatty and 11
aromatic acids.

In PhC-fl low molecular aliphatic acids (malonic, le-
vulinic, succinic, 3-hydroxy-2-methylglutaric); fatty acids
(palmitic and linolenic); aromatic acids (vanillic, p-cou-
maric and p-hydroxybenzoic) prevail. The dominant com-
pounds in PhC-1 are low molecular aliphatic acids (ma-
lonic, levulinic, succinic, 3-hydroxy-2-methylglutaric,
malic); fatty acids (palmitic, oleic, linoleic, linolenic);
and aromatic acid (ferulic). In PhC-rh low molecular ali-
phatic acids (levulinic, succinic, malic); fatty acids (pal-
mitic, stearic, oleic, linoleic, linolenic); aromatic acids
(veratric, vanillic, syringic, ferulic) dominate (Table).

The content of low molecular aliphatic acids in PhC-fl
is 1333.25 mg/%, the content of fatty acids —488.78 mg/%,
and the content of aromatic acids — 518.89 mg/%. In the
total amount of the components identified the content
of low molecular aliphatic acids is 56.95 %, fatty acids —
20.88 %, aromatic acids— 22.17 %.

The dominant low molecular aliphatic acids in PhC-fl
are (mg/%) malonic (110.10), levulinic (271.94), succinic
(105.32) and 3-hydroxy-2-methylglutaric (740.35); fatty
acids — palmitic (138.04) and linolenic (107.32); aro-
matic acids — vanillic (113.21), p-coumaric (95.29) and
p-hydroxybenzoic (98.19).

The content of low molecular aliphatic acids in PhC-1
is 840.49 mg/%, the content of fatty acids — 1439.49 mg/%,
and the content of aromatic acids — 499.81 mg/%. In

the total amount the content of low molecular aliphatic
acids is 30.24 %, fatty acids — 51.78 %, and aromatic
acids — 17.98 %.

In PhC-I the dominant acids are (mg/%) among low
molecular aliphatic acids — malonic (129.32), levulinic
(115.99), succinic (113.47), 3-hydroxy-2-methylglutaric
(312.28), malic (92.76); fatty acids — palmitic (421.65);
oleic (138.30), linoleic (208.31) and linolenic (369.76);
aromatic acid — ferulic.

The content of low molecular aliphatic acids in PhC-rh
is 478.49 mg/%, the content of fatty acids — 969.90 mg/%,
and the content of aromatic acids — 649.18 mg/%. In the
total amount of the components identified the content
of low molecular aliphatic acids is 22.81 %, fatty acids
—46.24 %, and aromatic acids — 30.95 %.

In PhC-rh the dominant acids are (mg/%) among low
molecular aliphatic acids — levulinic (167.55), succinic
(93.15), malic (131.50); fatty acids — palmitic (290.20),
stearic (90.84), oleic (106.85), linoleic (270.77), lino-
lenic (84.67); aromatic acids — veratric (156.76), vanil-
lic (186.51), syringic (70.81) and ferulic (67.18).

The total content of carboxylic acids identified in
PhC-fl is 2340.92 mg/% or 2.34 %; in PhC-1—2779.80 mg/%
or 2.78 %; in PhC-rh —2097.57 mg/% or 2.10 %.

Lactic and phenylpropanoic acids are inherent only
to PhC-l.

The results of the study show that the highest con-
tent of low molecular aliphatic acids of the total amount
of carboxylic acids identified (1333.25 mg/% or 56.95 %)
is found in PhC-fl.

Fatty acids are the largest part of the total amount of
carboxylic acids of PhC-1(13707.97 mg/kg or 51.78 %);
moreover, unsaturated fatty acids prevail (7774.70 mg/%
or 27.97 %).

It should be noted that in PhC-rh aromatic acids are
649.18 mg/%, i.e. they are 30.95% of the total content
of acids (Fig. 4).

Of the pharmacological value are acids that reveal
the following actions: antibacterial (ferulic, vanillic, p-
hydroxybenzoic, syringic and p-methoxybenzoic acid);
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Table
Carboxylic acids of phenolic complexes obtained from V. teucrium L. flowers, leaves and rhizomes
The content of acids in phenolic complexes
The name of acid PhC-l PhC-l PhC-rh
mg/kg* %** mg/kg* %** mg/kg* %**

Caproic (hexanoic) 31.05 0.13 29.91 0.11 31.51 0.15
Lactic (2-hydroxypropanoic) 79.00 0.34 - - - -
Internal standard 3676.47 - 6097.56 - 9.19 -
Caprylic (octanoic) - - 110.08 0.40 56.56 0.27
Oxalic (ethanedioic) 117.38 0.50 69.36 0.25 16.44 0.08
Malonic (propanedioic ) 1100.99 470 1293.15 4.65 195.95 0.93
Fumaric (trans-butenedioic) 198.24 0.85 107.12 0.39 31.43 0.15
Levulinic (4-oxopentanoic) 2719.37 11.62 1159.92 4.17 1675.54 7.99
Succinic (butanedioic) 1053.17 450 1134.73 4,08 931.48 444
Benzoic (benzoic) 612.33 2.62 385.21 1.39 145.93 0.70
Phenylacetic (a-toluic) 13.51 0.06 44.22 0.16 447 0.02
Salicylic (2-hydroxybenzoic) 57.9 0.25 102.13 0.37 13.2 0.06
Lauric (dodecanoic) 292.96 1.25 82.22 0.30 35.7 0.17
3-Hydroxy-2-methylglutaric (3-hydroxy-2- 740349 | 3163 | 312282 | 1123 | 43539 | 2.8
methylpentanedioic)
Malic (2-hydroxybutanedioic) 539.83 2.31 927.62 3.34 1314.99 6.27
Myristic (tetradecanoic) 78.53 0.34 301.49 1.08 169.2 0.81
p-Methoxybenzoic (4-methoxybenzoic) 50.12 0.21 501.72 1.80 - -
Pentadecanoic (pentadecanoic) 57.76 0.25 60.09 0.22 94.18 0.45
Azelaic (nonanedioic) 131.98 0.56 188.38 0.68 138.68 0.66
Palmitic (hexadecanoic) 1380.44 5.90 4216.45 15.17 2902.04 13.84
Palmitoleic (cis-9-hexadecanoic) 68.05 0.29 611.04 2.20 54.71 0.26
Phenylpropionic (hydroxyphenylpropionic) 267.86 1.14 - - - -
Margarinic (Heptadecanoic) 33.61 0.14 129.46 047 116.91 0.56
Citric (2-hydroxy-1,2,3-propanetricarboxylic) 90.01 0.38 450.23 1.62 95.63 0.46
Stearic (octadecanoic) 185.71 0.79 638.55 2.30 908.37 433
Veratric (3,4-dimethoxybenzyl alcohol) 103.65 0.44 548.4 1.97 1567.63 747
Oleic (cis-9-octadecenoic) 280.25 1.20 1383.04 4,98 1068.54 5.09
Linoleic (9,12-octadecadienoic) 749.91 3.20 2083.05 7.49 2707.7 12.91
Linolenic (cis,cis,cis-6,9,12-octadecatrienoic) 1073.15 4.58 3697.61 13.30 846.69 4.04
Vanillic (4-hydroxy-3-methoxybenzoic) 1132.11 4.84 215.78 0.78 1865.05 8.89
2-Hydroxypalmitic (2-hydroxyhexadecanoic) 27.93 0.12 340.12 1.22 122.36 0.58
Arachidic (eicosanoic) 54.82 0.23 95.96 0.35 125.67 0.60
Heneicosanoic (heneicosanoic) 25.86 0.11 68.69 0.25 15.51 0.07
p-Coumaric (3-(4-hydroxyphenyl)-propenoic) 952.89 4.07 623.67 2.24 276.16 1.32
Begenic (docosanoic) 149.77 0.64 268.34 0.97 120.18 0.57
p-Acetylsalicylic (2-(Acetyloxy)benzoic) 146.42 0.63 494.09 1.78 67.9 0.32
p-Hydroxybenzoic (4-hydroxybenzoic) 981.93 4.19 428.08 1.54 671.76 3.20
Tricosanoic (tricosanoic) 26.39 0.11 102.38 0.37 109.63 0.52
Syringic (4-hydroxy-3,5-dimethoxybenzoic) 151.34 0.65 163.8 0.59 708.14 3.38
Gentisic (2,5-dihydroxybenzoic) 167.74 0.72 465.36 1.67 167.05 0.80
Lignoceric (Tetracosanoic) 270.64 1.16 128.04 0.46 162.89 0.78
Ferulic (3-methoxy-4-hydroxycinnamic) 551.06 2.35 1025.68 3.69 1004.51 4.79

23409,15 100 27797.99 100 20975.68 100

Note: * - mg/kg in the complex; ** — % of the amount of components identified; “-* - the compound is not identified.
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Fig. 4. The content of carboxylic acids of phenolic complexes of
V. teucrium L.

antioxidant (ferulic, p-coumaric and syringic acid);
anti-inflammatory (benzoic, ferulic, vanillic, salicylic,
gentisic, veratric and p-acetylsalicylic acid); antipyretic
(salicylic, gentisic and p-acetylsalicylic acid); antitumor
(ferulic, p-coumaric and gentisic acid); hepatoprotective,

antiviral and antiarrhythmic (ferulic acid); hypoglyce-
mic (syringic acid) and analgesic (gentisic acid) [13, 14].

Therefore, the plant raw material of V. feucrium L.
is a source of pharmacologically valuable acids.

CONCLUSIONS

The comparative study of the acid composition of
phenolic complexes obtained from V. feucrium L. flowers,
leaves and rhizomes has been carried out by the chro-
matography-mass spectrometry method.

In phenolic complexes the content of 41 carboxylic
acids has been identified, among them there are 11 low
molecular aliphatic, 18 fatty and 12 aromatic acids. The
total content of carboxylic acids identified in PhC from
V. teucrium L. flowers is 2.34 %; in PhC from leaves —
2.78 %; and in PhC from rhizomes —2.10 %.

All phenolic complexes from flowers, leaves and rhi-
zomes contain the highest content (%) of the following
components: low molecular aliphatic acids (levulinic —11.62,
4.17,7.99; 3-hydroxy-2-methylglutaric — 31,.63, 11.23,
2.08); fatty acids (palmitic — 5.90, 15.17, 13.84; oleic —
1.20, 4.98, 5.09; linoleic — 3.20, 7.49, 12.91, linolenic —
4.58, 13.30, 4.04); aromatic acids (ferulic —2.35, 3.69,
4.79; p-coumaric — 4.07, 2.24, 1.32; p-hydroxybenzoic —
4.19, 1.54, 3.20, respectively). In phenolic complexes from
flowers and rhizomes vanillic acid is 4.84 % and 8.89 %.

The results obtained have shown the feasibility of
further pharmacological studies of these substances.

Conflict of Interests: authors have no conflict of
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