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The article presents the data of the pharmacognostic study of the aerial part of black horehound (Ballota
nigra L.). The aim of the work is to determine the qualitative composition and the quantitative content
of the volatile components from vegetative and generative organs of black horehound. Leaves, flowers
and stems of black horehound were harvested at the flowering phase in the Kharkiv region. For the
first time volatile compounds of black horehound aerial parts have been investigated by GC/MS. The
component composition of volatile substances in horehound herb has been studied using an Agilent
Technologies 6890N chromatograph with a mass spectrometry detector 5973N. The components have
been identified according to mass spectra NIST 05 and WILEY 2007 libraries together with the programmes
for identifying AMDIS and NIST. In vegetative and generative organs of horehound 48 components
have been identified. Germacrene D (40.2 mg/kg), hexahydrofarnesylacetone (167.42 mg/kg), 2,6-tri-
methyl-4-methylene-2H-pyran (172.3 mg/kg), myristic (271 3 mg/kg), pentadecanoic (182.1 mg/kg),
palmitoleic (306.4 mg/kg) and palmitic (1620.6 mg/kg) acids prevail in vegetative organs. Farnesyl-
acetone (68.8 mg/kg), verbenone (35.7 mg/kg), myristic (187.5 mg/kg), palmitic acid (656.5 mg/kg)
and palmitoleic (196.9 mg/kg) acids are the major components in generative organs. Therefore, hexa-
hydrofarnesylacetone, palmitic and palmitoleic acids, and 2,6-trimethyl-4-methylene-2H-pyran are pre-
dominant components in the raw material studied.

Black horehound (Ballota nigra, Lamiaceae family)
is a perennial herb, widely spread in Russia, Ukraine, in
the countries of Western Europe, North Africa and the
Caucasus [2]. The plant is not officinal, but is used in
folk medicine as a sedative. In the aerial part of black
horehound such diterpenoids as marrubin, ballonigrin,
ballotinone, ballotenol, 7-acetoxymarrubin have been
studied. The glycoside forms of phenylpropanoids —
verbascoside, phorsitoside, arenarioside, ballotetroside,
allisonoside, lavandulifolioside, angoroside and the non-
glycoside forms — (+)-(E)-coffeyl-L-malic acid have
been found [3, 7, 9, 10]. Recent studies have determi-
ned that biologically active substances (BAS) of black
horehound possess nootropic, anti-oxidant, anti-arrhyth-
mic, anti-microbial and antihypoxia activities [2, 4-6,
8]. Therefore, expedience of the comprehensive study
of BAS of black horehound is an urgent question for
pharmacy.

Earlier studies have shown the presence of flavo-
noids, tannins, iridoids, essential oil, hydroxycinnamic
acid and phenol carboxylic acids in flowers (calyx, co-
rollas), stems and leaves of black horehound [1].

The aim of this work was to study the components of
essential oil of Ballota nigra by chromato-mass spect-
rometry.

The object of the study was samples of air-dried
herb: leaves, flowers and stems of black horehound har-
vested at the flowering stage in the summer of 2013 in
the neighbourhood of Kharkov.

Materials and Methods

The analysis of the essential oil of black horehound
leaves and flowers was performed using a chromato-
mass spectrometer Agilent Technology HP6890 GC with
a mass spectrometric detector 5973N.

A weighed portion of the crushed raw material (1.0 g)
was placed in a 20 ml “Agilent” vial, to which the in-
ternal standard (50 pg of tridecane) and 10 ml of water
were added. Volatile components of the sample were
steamed for 2 hours using a reflux condenser with air
cooling. Substances adsorbed on the inner surface of
the reflux after cooling of the system were washed into
a dry 10 ml vial by slow adding of 3 ml of ultrapure
pentane. The washes were concentrated by blowing
(100 ml/min) with ultrapure nitrogen until the residual
volume of the extract was 10 pl, then it was completely
withdrawn by a chromatographic syringe. The further
concentration of the sample to the volume of 2 ml was
carried out in the syringe. The injection of the sample
was performed in a splitless mode; it allowed to intro-
duce the sample without division loss and significantly
(10-20 fold) increase sensitivity of the chromatographic
process. The input sample rate was 1.2 ml/min for 0.2 mi-
nutes. The chromatographic conditions were as follows:
capillary chromatographic column DB-5 (30 mx0.25 mm);
the carrier gas — helium, the carrier gas speed — 1.2 ml/min;
the thermostat temperature — from 50 to 320°C at the
rate of 4 °/min; the heater temperature of the sample
introduction — 250°C. From the aqueous extract vola-



60 BICHUK ®APMALIIT 2(78)2014 ISSN 1562-7241
Table
The component composition of vegetative and generative organs of black horehound

Retentiqn Compound Corollas, Calyx, Leaves, Stems,

time, min mqg/kg ma/kg mqg/kg ma/kg
5.31 Benzaldehyde 3.9 - - 5.1
6.26 1-Octen-3-ol 3.5 - - 10.4
6.54 2,3,5-Trimethylpyrazine - - - 7.9
6.68 Octanal - 10.9 - -

7.4 Phenylacetaldehyde 9.3 - 313 -

7.49 Benzyl alcohol - - 9.8
7.79 Limonene - 10.3 - -
9.01 Tetramethylpyrazine - - - 26.5
9.17 2,5-Dimethyl-3-acetylfurane 5.1 - - -
9.69 Nonanal - 21.5 - -
9.74 Linalool 4.9 - - -
10.04 2,2,6-Trimethyl-4-methylene-2H-pyran 172.3 - 14.9 425
11.07 Verbenol - - - 7.1
12.34 Methylsalicilate 4.6 - - 313
12.49 a-Terpineol 4 - - 6.2
12.64 Verbenone - - 35.7 3.2
12.99 Decanal 8.9 71 27.1 -
14.59 Isopiperitenone - 8.7 - -
14.84 Ethylsalicilate - - - 7.6
16.17 4-Vinyl-2-methoxyphenol - - - 36.1
16.31 Dodecanal - 519 - -
17.58 Eugenol 26.3 - 12.2 18.9
18.76 Caprinic acid 39 - - -
18.98 Methyleugenol 26.3 39.6 12.8 -
20.04 B-Caryophyllene 26.8 - - 2
20.75 Geranylacetone 8.6 10.9 12.5 3.8
21.03 Gumulene 11.3 - - 2.2
21.53 B-lonone-epoxyside - - 36.4 54
21.63 B-lonone - - - 33
21.83 Germacrene D 40.2 - - 8.2
21.89 Tetradecane - 6.8 - -
22.09 Dihydroactinidiolide - - 43.8 -
22.94 Pentadecane - 53.9 - -
23.47 Elemicin - 14 - -
23.66 Elemol 18.5 - - -
24.39 Spatulenol 15.4 - - -
24.48 Caryophyllene oxyde 57.1 - - 6.8
24.56 Lauric acid - 67.1 - -
25.19 Benzophenone - 11.7 - -
26.07 Trans-isoelemicin - 67.1 - -
28.6 11-Tetradecenic acid - - - 4.9
29.05 Miristic acid 100.6 271.3 187.5 41.9
29.97 Farnesole - - 32.2 -
30.27 Hexahydrofarnesylacetone 167.4 60.3 - -
30.62 Pentadecanoic acid 50.7 182.1 121.8
31.19 Farnesylacetone - - 68.8 -
31.71 Palmitoleic acid 445 306.4 196.9 347
32.2 Palmitic acid 573.9 1620.6 656.5 130.9
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tile compounds were extracted with methylene chloride
and further analyzed as described above.

Substances were identified by comparison of the
mass spectra obtained with the data from mass spectra li-
braries NIST05 and WILEY 2007 in combination with
the programmes for identification AMDIS and NIST.
The content of components in the herbal drug (mg/kg)
is given in Table.

Results and Discussion

Qualitative and quantitative compositions of essen-
tial oils of various organs of horehound are given in mg/
kg (Table). As the result of the research 48 components
of essential oil have been identified and quantified in
generative and vegetative organs. Quantitatively ses-
quiterpenoids and substances of different origin (alde-
hydes, hydrocarbons, and fatty acids) are predominant,
in smaller concentration monoterpenoids and aromatic
compounds have been found. Germacrene D (40.2 mg/kg),

hexahydrofarnesylacetone (167.42 mg/kg), 2,6-trime-
thyl-4-methylene-2H-pyran (172.3 mg/kg), myristic
(271.3 mg/kg), pentadecanoic (182.1 mg/kg), palmito-
leic (306.4 mg/kg) and palmitic (1620.6 mg/kg) acids pre-
vail in vegetative organs. Farnesylacetone (68.8 mg/kg),
verbenone (35.7 mg/kg), myristic (187.5 mg/kg), pal-
mitic acid (656.5 mg/kg) and palmitoleic (196.9 mg/kg)
acids are the major components in generative organs.

CONCLUSIONS

1. The Chromato-mass spectrometric research of vo-
latile substances of vegetative and generative organs of
black horehound has been carried out; 48 components
have been identified and quantified.

2. The predominant components in the raw material
studied are hexahydrofaresylacetone, palmitic acid, pal-
mitoleic acid and 2,6-trimethyl-4-methylene-2H-pyran.

3. The results obtained will be used for further phy-
tochemical research of these herbal drugs.
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OOCNIMKEHHA CKNALQY E®IPHOI ONii BEFTETATUBHUX | FEHEPATUBHUX OPTAHIB

BALLOTA NIGRA L.
A1.C.KonicHuk, A.M.Kosasnboega, O.B.lopsiva

Knrouoei cnoea: M’ssmoyHuk YopHul; Ballota nigra L.; xpomamo-mac-criekmpomempisi;

KoMroHeHmMHuU ckiad egipHoi onif

HaeedeHi OaHi hapmMako2HOCMUYHO20 8UBHEHHST HA03EeMHOI YaCmuHU M’SIMOYHUKa 4YopHo20 (Ballota
nigra L.). Memoto pobomu € gu3HayeHHs1 SIKICHO20 ckrnady ma KiflbKiCHO20 8Micmy f1emKux KOMIIo-
HeHmie eezemamueHUX ma 2eHepamusHUX opaaHie M’sImoYHUKa YOpHO20. B sskocmi cuposuHuU 8u-
Kopucmosysaru nucmsi, Keimku i cmebna, 3azomoerneHi 8 ¢hasy usimiHHs 8 Xapkiechkil obracmi.
Bniepwe memodom xpomamo-mac-criekmpomempii iposedeHo OOCTIOXEHHS IeMKUX Pe408UH Ha03eM-
HOI' YaCmUuHU M’SIMOYHUKa YOPHO20. Y 8eeemamueHUX ma 2eHepamueHUX opaaHax M’SImoYHUKa iOeH-
mucabikogaHo 48 KOMIMOHeHMI8. Y eeezemamueHUX op2aHax rnepeesaxaroms 2epmakpeH D (40,2 me/ke),
2ekcaeziopopapHesunauemoH (167,42 me/ke), 2,6-mpumemun-4-memurneH-2H-nipaH (172,3 me/ke),
mipucmuHosa (271,3 me/ke), neHmadekaHosa (182,1 ma/ke), nanbmimoreiHosa (306,4 ma/ke) i nane-
mimuHosa kucriomu (1620,6 ma/ke). Y eeHepamugHUX opaaHax POC/UHU repesaxarmb apHesur-
auemoH (68,8 me/ke), sepbeHoH (35,7 ma/ke), mipucmurosa (187,5 me/ke), nansmimu+Hosa (656,5 me/ka)
i nanbmimoneiHosa (196,9 ma/ke2) kucnomu. JOMiHyrO4UMU KOMIOHEHMaMu y Q0CiOXyeaHil cu-
POBUHI € 2eKkcaeiOpoghapHe3unayemoH, najabMimuHo8a ma rnasbMimosieiHo8a KUciomu, a makox

2,6-mpumemun-4-memursneH-2H-nipaH.
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UCCNEOOBAHUE COCTABA 3®UPHOIO MACIIA BETETATUBHbIX U TEHEPATUBHbIX
OPIrAHOB BALLOTA NIGRA L.

A.C.KonecHuk, A.M.Koeaneega, O.B.lopsivas

Knroyeenie cnoega: bernokydpeHHuK Y4epHbili; Ballota nigra L.; xpomamo-macc-criekmpoMempusi;
KOMIMOHEeHMHbIU cocmas a¢ghupHO20 mMacria

lpusedeHbl OaHHble hapMakKo2HOCMUYECKO20 U3yHeHUsT Had3eMHoU Yacmu 6erloKyOpeHHUKa Yep-
Hoeo (Ballota nigra L.). Llenibto pabombi 66110 orpederieHue Ka4eCcimeeHHOo20 cocmasa U KOflu4ecmeeH-
HO20 codepxaHUsi lemydux KOMIMOHEHMO8 ee2emamueHbIX U 2eHepamueHbIX op2aHo8 besioKyOpeH-
HUKa 4YepHOoeo. B kayecmee cbipbs UCMONb308anu IUCMbS, Ue8emku U cmebru, 3a2o0moerieHHbIe 8
a3y usemeHusi 8 Xapbkosckol obnacmu. Briepesie memodom xpomamo-macc-criekmpomMmempuu
rposedeHo uccredosaHue 1emy4yux seuecme Had3eMHoU Yacmu 6eslokyOpeHHUKa YepHoeo. Kom-
MOHEeHMHbIU cocmaes fiemy4ux geujecme mpasbl 6er10KyOpeHHUKa uccredosasiu Ha xpomMamoapa-
¢pe Agilent Technologies 6890N ¢ macc-crekmpomempuydeckum 0emexkmopom 5973N. KomrnoHeHmbI
udeHmucghuyuposanu ¢ nomowbro bubnuomeku macc-criekmpos NIST 05 u WILEY 2007 coemecmHo
¢ npoepammamu 0ns udeHmugpuxkavyuu AMDIS u NIST. B eecemamusHbix U 2eHepamusHbIX opea-
Hax 6erokyOpeHHuUKa udeHmuguyuposaHo 48 komrnoHeHmMos. B eezemamueHbIx opaaHax rpeobra-
Oarom eepmakpeH D (40,2 me/ke), eekcazudpoghapHesunayemoH (167,42 me/ke), 2,6-mpumemurni-
4-memuneH-2H-nupaH (172,3 me/ke), mupucmuHosas (271,3 ma/ke), neHmadekaHosasi (182,1 me/ke),
nanbmumorneuHosas (306,4 ma/ke) u nanbmumuHogasi kucriomsl (1620,6 me/ke). B 2eHepamugHbIx
OopeaHax pacmeHusi npeobnadarom chapHe3unayemoH (68,8 me/ke), eepbeHoH (35,7 me/ke), mupu-
cmuHosas (187,5 me/ke), nanbsmumuHosas (656,5 me/k2) u nanbmumoneuHosasi (196,9 me/ke) Kuc-
Jniomsl. JJoOMUHUPYOWUMU KOMITOHEHMaMU 8 UCC/1e0yeMOM Chipbe S6ISIIomcs 2ekcasudpoghapHe3surs-
auemoH, naabMuUmuHosasi U nasabMUmosieuHos8ast KUCIombl, a makxe 2,6-mpumemur-4-MmemurneH-
2H-nupaH.



