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The method of determination of the qualitative composition and the quantitative content of the main
components of essential oil of the active pharmaceutical ingredients of “Apised” capsules with the
sedative action, namely the medicinal plant raw material (the herb of garden balm, the cones of hop,
inflorescences of spike lavender) and the standardized substance of natural powdered honey has
been developed by gas chromatography. As essential oils are the complex natural matrix, which contains
substances with a diverse chemical structure substantially differing by their physical and chemical
properties, the method of tandem chromatography-mass spectrometry in the variant of the equilibrium
vapour phase analysis has been applied for identification and quantitative determination of terpenoids
in the medicinal plant raw material and in the medicine developed; it allows to divide additionally the
substances to be analyzed depending on their polarity and lipophilic and hydrophilic properties. The
chromatographing was carried out using a Saturn 2000 gas-liquid chromatograph (Varian Corp., USA)
equipped with a mass-detector by the type of ion trap. Identification of components was performed
by comparing the complete mass-spectra of the samples under research with the appropriate information
of the NIST mass-spectrometric data library (150000 mass-spectra), as well as by the linear retention
indexes calculated separately for each component using the AMDIS programme. For quantitative deter-
mination of the terpenoid composition of essential oils the internal normalization method was applied to
the chromatograms obtained and the content for each component was determined in percents. Six main
components have been detected in essential oil of the apiphytomedicine developed, among them four
compounds identified — myrcene (54.17%), 1,8-cineole (14.94%), linalool (9.16%) and borneol (9.05%) —
are prevalent. The percentage of the compounds identified is 87.32%. The percentage of the main terpenoid
compounds in the apiphytomedicine “Apised” developed correlates with its composition well. The dominant
essential oil component of the apiphytomedicine developed is myrcene, which presence stipulates a high
general tonic and sedative action, clarifies consciousness, assists in attention concentration, increases
and restores nerves. With using the tandem chromatography-mass spectrometry the method developed
gives the possibility to identify the components of essential oil regardless of the way of medicinal plant raw
material obtaining and its origin, as well as to determine their quantitative content in percents with the help
of the internal normalization method; it allows to carry out standardization of the terpenoid composition of

essential oils of the medicine developed — “Apised” capsules by the method suggested.

Currently, medicines of the natural origin, which show
the wide range of pharmacological action and are more
accessible and safer for public health, become increas-
ingly topical [10, 11, 20, 27]. In recent years scientific
investigations related to the study of the chemical com-
position and pharmacological activity of the medicinal
plant raw material (MPRM) have achieved considerable
successes, and it, in its turn, made possible to expand
the assortment of multicomponent phytomedicines at
the pharmaceutical market of Ukraine [6].

When creating the herbal medicines (HM) and me-
dicines developed on the basis of natural compounds with
the standard content of active substances and the expected
pharmacological action one of the crucial issues is the
study of correlation between the chemical composition
and the biological activity. One of the groups of bio-
logically active substances (BAS), which positively in-
fluence on the mental and emotional state and neutrali-
ze nervous hyperalertness of the CNS, is essential oils,

which are in the composition of the essential oil plant
raw material and HM and are successfully used in medi-
cine, pharmacy and cosmetology [1, 14, 16, 21, 23].

The essential oils of medicinal plants of families La-
miaceae — garden balm (Melissa officinalis L.), spike
lavender (Lavandula angustifolia Mill.) — and Canna-
baceae — hop (Humulus lupulus L.) [1, 7, 8, 15, 16, 18,
19, 23], which are the main active pharmaceutical ingredi-
ents (APhI) of the complex apiphytomedicine “Apised”
in the form of capsules developed by us for treatment
of the mental and emotional disorders and depressions
states in sports medicine [13], are characterized by the
wide range of the pharmacological action, particularly
general tonic, sedative, tonic, anxiolytic ones.

When researching the essential oil MPRM the exact
identification of the essential oil component composi-
tion is important for standardization of both the phar-
macopeial raw material and the HM investigated. In ad-
dition, it is necessary to take into account that the quali-
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tative and quantitative composition of essential oils de-
pends on such factors as differences in chemotypes and
conditions of medicinal plants growing, technology of
MPRM production, its drying and storage, etc. [24, 25].
Therefore, development of modern and effective express-
methods of determination of the qualitative composi-
tion and the quantitative content of essential oils both
in MPRM and in phytomedicines created on its basis
becomes topical.

Under modern conditions the methods of gas chro-
matography (GC) and high-performance liquid (HPLC)
chromatography are used for identification of essential
oils — by relative values of individual components reten-
tion times or by comparing of chromatographic profiles
with the standard chromatogram. It is possible to iden-
tify essential oils also by the method of thin layer chro-
matography (TLC), and, if required, by the combination
of GC and mass spectrometry or by other spectroscopic
methods (UV-, IR-, NMR-spectroscopy, etc.) [9, 12].

The investigation by the method of gas chromato-
graphy, which is considered one of the effective express-
methods allowed to obtain characteristic chromatograms
with the maximal division of individual compounds, is
the generally accepted approach to the quality assessment
and quantitative determination of terpenoids, which are
mainly volatile compounds and are in the composition
of essential oils both of MPRM and herbal medicines
[3, 4]. The identity and naturalness of essential oils are
also confirmed by this method.

The monographs, in which the procedures of de-
termination of the essential oil composition in MPRM,
particularly in the herb of garden balm and in the inflo-
rescences of spike lavender, are included to the Europe-
an Pharmacopoeia (EPh) 7.0 and to the State Pharma-
copoeia of Ukraine (SPhU) I [4, 17]. The SPhU I does
not offer to apply GC procedures for determination and
control of the qualitative composition and the quantita-
tive content of essential oil in the cones of hop [5]. The
methods of GC analysis, which allow to control the es-
sential oil composition in the medicine developed con-
taining simultaneously some components with the ter-
penoid content, are not also developed. It is particularly
concerned the essential oil MPRM described above.

Therefore, the aim of this work was to develop the
method for determination of the qualitative composition
and the quantitative content of the main components of
essential oil of the active pharmaceutical ingredients of
“Apised” capsules with the sedative action — the herb of
garden balm, the cones of hop, inflorescences of spike
lavender —in the presence of the standardized substance
of natural powdered honey (NPH) by GC.

Materials and Methods

The objects of our investigations were the follow-
ing samples of the APhI of “Apised” capsules: the herb
of garden balm — Herba Melissa officinalis L. (the regi-
stration certificate No.UA/8919/01/01, batch 60612) ma-
nufactured by “Liktravy” PJSC (Zhytomyr, Ukraine);
the cones of hop — Strobuli Humuli lupuli L. (the regi-
stration certificate No.UA/11477/01/01, batch 003) manu-
factured by “Liktravy” PJSC (Zhytomyr, Ukraine); the

inflorescences of spike lavender — Flores Lavandulae

angustifolia Mill. cultivated in the territory of Nikitsky

Botanical Garden of UAAS; NPH (the changes No.1:2013

to the Ukrainian specification 01.2-02010936-001:2007)

obtained by freeze drying under conditions of “Biolik” JSC

(Kharkiv) using “Virtis” production equipment (USA);

and also “Apised” capsules [13].

The standard samples of terpenoid compounds such as
linalool (Linalool-Aldrich, batch L2602), myrcene 92.0%
(Myrcene-Aldrich, batch M100005), 1,8-cineole (1,8-Ci-
neole-Aldrich, batch S80601) and borneol (Borneol-Aldrich,
batch 15598) produced by the Sigma-Aldrich Chemie
GmbH company (Germany) were used in our work.

As essential oils are the complex natural matrix, which
contains substances with a diverse chemical structure
substantially differing by their physical and chemical pro-
perties, the method of tandem chromatography-mass
spectrometry (GC-MS-MS) in the variant of the equilib-
rium vapour phase analysis has been applied for iden-
tification and quantitative determination of terpenoids
in the MPRM and in the medicine developed; it allows
to divide additionally the substances to be analyzed de-
pending on their polarity and lipophilic and hydrophilic
properties.

The chromatographing was carried out using a Sa-
turn 2000 gas-liquid chromatograph (Varian Corp., USA).

The chromatographing conditions were:

* the column was capillary quartz CP-SIL8 (Chrom-
pack, USA) with the size of &J0.25 mm x 30 m; the
stationary phase was the mixture of 5% phenyl poly-
siloxane R and 95% dimethylpolysiloxane R;

» the temperature of the column thermostat was 40°C
(5 min.), increase of the temperature with the flow
rate of 10°C/min to 250°C (keeping for 10 min);

» the evaporator temperature was 200°C, without stream
separation;

» the mass-detector (by the type of ion trap): the range
of masses scanning was 40 — 650 with hold-up time
of 1 min; the ionization mode was the electron im-
pact (70 eV);

» the volume rate of a carrier gas (helium) was 2.0 ml/min.
The sample preparation was carried out in the fol-

lowing way: 0.5 g of the test sample was placed in a 20 ml

vial and hermetically covered. The vial was kept in ther-

mostat under the temperature of 90°C for 45 min. Each

1.0 ml of the gas phase over the test sample was selected

and alternately chromatographed under the conditions men-

tioned above; not less than 5 chromatograms were obtained.

Identification of components was performed by com-
paring the complete mass-spectra of the samples under
research with the appropriate information of the NIST
mass-spectrometric data library (150000 mass-spectra),
as well as by the linear retention indexes calculated
separately for each component using the AMDIS pro-
gramme. When comparing the mass-spectra the identi-
fication was considered to be valid if the ratio m/z co-
incidence for the main ions and linear retention indexes
was not less than 95%.

For quantitative determination of the terpenoids com-
position of essential oils the internal normalization me-
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Table

The research results of terpenoid composition
of the apiphytomedicine “Apised” developed
and essential oil of MPRM in its composition

Compound
Terpenoid Retention Peak area, contentin
compounds | time, min Ccu the vapour
phase, %
Herb of garden balm
Linalool | 11303 | 9066 | 100.00
Cones of hop
Unspecified 10.436 6905 20.64
Myrcene 10.523 26542 79.36
Inflorescences of spike lavender
1,8-Cineole 11.499 11607 55.51
Borneol 11.808 9303 44.49
Natural powdered honey
Myrcene 10.510 21651 59.19
Linalool 11.361 14929 40.81
“Apised” capsules
Unspecified 10.336 9282 8.07
Myrcene 10.412 62315 54.17
Unspecified 11.132 5307 461
Linalool 11.320 10536 9.16
1,8-Cineole 11.555 17182 14.94
Borneol 11.825 10413 9.05

thod was applied to the chromatograms obtained and the
content for each component was determined in percents.

Results and Discussion

The retention times (min.) and the quantitative con-
tent (%) of the main terpenoid compounds of MPRM
essential oil identified and the apiphytomedicine deve-
loped are given in Table.

The chromatogram of the terpenoid compounds ob-
tained by the example of the apiphytomedicine “Api-
sed” developed is given in Figure.

To increase the reliability of identification for the
composition of essential oils we used the standard sam-
ples of terpenoid compounds, namely myrcene, linalo-
ol, 1,8-cineole and borneol added to the samples studied
after carrying out primary identification and conducted
the repeated research.

Increase of the peak area of the corresponding com-
pounds and the absence of peaks split in this case con-
firm the supposition concerning the structure of the com-
pounds identified made during the primary analysis.

The analysis of experimental data presented in Ta-
ble testifies that the vapour phase obtained for “Apised”
capsules contains six main components, among them
four compounds identified — myrcene, 1,8-cineole, lina-
lool and borneol (by increasing of the content). The
percentage of the compounds identified is 87.32%, i.e.
their content is prevalent in the medicine developed.

It should be noted the percentage of the main ter-
penoid compounds in the apiphytomedicine “Apised”
correlates with the composition of the medicine deve-
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Fig. The typical chromatogram of terpenoid compounds (by the
example of “Apised” capsules) obtained by the GC-MS-MS method
under the conditions mentioned above.

loped [13] and the literary data about the essential oil
composition of the MPRM under research well [1].

The dominant essential oil component of the apiphy-
tomedicine “Apised” developed is myrcene (54.17%),
which presence is thanks for hop cones and NPH in the
drug composition, and it stipulates a high general tonic
and sedative action, clarifies consciousness, assists in at-
tention concentration, increases and restores nerves [1].

Thus, the complex of experimental research conduct-
ed has allowed to develop the reliable and reproducible
method, which gives the possibility to carry out stan-
dardization of the terpenoid composition of essential oils
of the apiphytomedicine “Apised” developed.

CONCLUSIONS

1. The method of determination of the qualitative
composition and the quantitative content of the main
components of MPRM essential oil (the herb of garden
balm, the cones of hop, inflorescences of spike laven-
der) in the composition of “Apised” capsules with the
sedative action in the presence of the NPH standardized
substance has been developed by GC.

2. Six main components have been detected in essen-
tial oil of the apiphytomedicine developed, among them
four compounds identified — myrcene (54.17%), 1,8-ci-
neole (14.94%), linalool (9.16%) and borneol (9.05%) —
are prevalent.

3. With using the tandem chromatography-mass spect-
rometry the method developed gives the possibility to
identify the components of essential oil regardless of the
way of medicinal plant raw material obtaining and its
origin, as well as to determine their quantitative content
in percents with the help of the internal normalization
method; it allows to carry out standardization of the ter-
penoid composition of essential oils of the medicine de-
veloped — “Apised” capsules by the method suggested.
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PO3POBKA METOAWKM BU3HAYEHHA TEPNEHOIOQHOIO CKNALY E®IPHUX ONIA B
AKTUBHUX ®APMALIEBTUYHUX IHFTPEQIEHTIB KANCYN «AMICEA» METOOOM rA30BOI
XPOMATOIPA®II

O.C.lWnuyak, O.l.TuxoHoe, B.A.XaHiH

Knroyoei cnnoea: meprieHoiOu; eqhipHi onii; 2a308a xpomamoepadpisi; kancynu «Amniced»
Po3pobrieHo MemoOuKy 8u3Ha4YeHHs SIKICHO20 cKkrnady ma KirbKiCHO20 eMicmy meprieHoidie eghipHUX
oniti akmugHUX hapmauesmuyHUX iHzpedieHmis, w0 8xo0simb 0o cknady anighimonpenapamy «Arni-
ced» cedamusgHoi Oii' y hopmi Karcyr, a came 1iKapCbKOi pOCIUHHOI CUPOBUHU (mpasu mMersticu fikap-
CbKOI, LUUWOK XMEJTH0 38UYaliHO20, cyusimb nasaHOU 8y3bK0/IUCMOI) i cmaHOapmu30eaHoi cybcmaH-
uii medy HamyparnbHO20 MopowKonodibHo2o, Memodom 2a3080i xpomamozpaii. OcKinbku eipHi
onii aenstomp coboto cknadHy NPUPOOHY Mampuyto, SKka Micmums pedyo8UHU PI3HOI XiMiYHOT Bydosu,
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W0 Cymmeeo 8i0Pi3HAMbBCS 3a C80IMU (hi3UKO-XiMIYHHUMU enacmuesocmsamu, 0ns ideHmuaikayii ma
KifIbKiCHO20 8U3Ha4YeHHS1 meprieHoidig y nikapcbKili POCUHHIU CUPOBUHI ma y po3pobrieHoMy rperna-
pami Hamu 6ysio sukopucmaHo Memod maHOeMHOI XpoMamo-mac-criekmpomempii y eapiaHmi aHa-
N3y pieHoBaXKHOI Mapoeoi ghasu, wo doseornsse dodamkoeo po3dinumu aHarni3oeaHi Pe4o8UHU 8 3a-
JniexxHocmi 8id ix nonsspHocmi ma ninoghinbHo-2idpogbinsHUX enacmusocmel. XpomamozpaghysaHHs
rpoeoodurnu Ha 2a3o-piduHHoMy xpomamoepacdpi Saturn 2000 (Varian Corp., CLLUA), ocHaweHomy mac-
demeKmopoM 3a murioM ioHHOI nacmku. I0eHmuabikauito KOMOHeHMI8 rPo8ooOUSIU WIISIXOM ropie-
HSIHHST MOBHUX Mac-criekmpie 00cridXysaHuXx 3pa3kie 3 8i0rnosiOHUMU OaHuMu bibrliomeku mac-criekm-
pomempuyHux daHux NIST (150000 mac-criekmpig), a makox 3a JliHIUHUMU iHOeKcaMmu ympuMy8aHHS,
5IKi po3paxosysanu 3a doriomoeoro rpoepamu AMDIS okpemo Orsi KOXHO20 KoMnoHeHma. [ns Kinb-
KiCHO20 8U3Ha4YeHHs mepreHoiOHo20 cknady eghipHuUX oniti 0 ompumaHUX XxpoMmamozpam 3acmo-
cosysarsu Memo0 8HYMpIiWHb020 HOPMYBaHHS Mma 8uU3Haqasnu 8Micm KOXHO020 KOMIOHeHMa y 8io0co-
mkax. B eqbipHili onii anighimonpernapamy «Aniced» 8usienieHo Wicmb OCHOBHUX KOMIOHEeHMmig8, ceped
AKUX nepesaxkaromp Yomupu ideHmudgbikogaHi — mipueH (54,17%), 1,8-uuHeon (14,94%), niHanoon
(9,16%), 6opHeon (9,05%). Yacmka ideHmucdbikosaHux crionyk cmaHosums 87,32%. Bidcomkosuli
8micm OCHOBHUX mepreHOoIOHUX crionyK y po3pobneHomy anighimonpenapami obpe Kopenoems-
¢4 3 tioeo cknadom. [JomiHyrouum egbipoonitiHuM KOMIoHeHmMom po3pobrieHoz20 arigimonpenapamy
«Aniced» € MipueH, sikuli 06yMoerntoe 8UCOKY 3a2alibHO3MIiUHIoYYy ma cedamueHy 0ito, MPOSICHIE
csidomicmb, cripusie KoHUeHmpauil yeaau, 3MiyHe Hepgosy cucmemy. Po3pobrnieHa memoduka 3 8u-
KopucmaHHSIM maHOeMHOI XxpoMamo-mMac-crieKmpomempii 0ae MOXIugiCmbe He3arnexHo 8id criocoby
OmMpUMaHHSI ma roxo0XeHHs1 JliKkapCbKOI POCITUHHOI CUpOBUHU ideHmuiKysamu KOMIOHeHMU egip-
HOI onii, @ mako, 8UKOPUCMOBYHHYU MeMOO 8HYMPIlWHbL020 HOPMYBaHHS, 8U3Ha4Yamu ix KifbKicHUl
emicm y eidcomkax, ujo 00380s1s€ npogecmu cmaHOapmu3auito meprieHoiOHo20 ckady egipHUX ol
po3pobrieHo20 rnipenapamy Karcyn «Amniced» 3a 3arpornoHO8aHO MeMmMOOUKOF.

PA3PABOTKA METOOUKW ONPEQENEHNA TEPNMEHOUOHOIO COCTABA 3®UPHbIX
MACEJ AKTUBHbIX ®APMALEEBTUYECKUX MHITPEOUEHTOB KANCYIN «ANMUCEO»
METOOOM rA30BOU XPOMATOIPA®UIU

O.C.lWnuyak, A.N.TuxoHoe, B.A.XaHUH

Knrodeesnie crioea: meprieHoudbl; 3QhUpHbIE Macsia; 2a3o8asi XpoMamoepadhbusi; Karcyrbl «Anuced»
Paspabomara memoduka orpedesieHusi Ka4eCmeeHHO20 cocmasa U Kou4ecmeeHH020 codepxxaHus
mepreHoud08 3¢hupHbIX Macesi akmueHbIX ghapMayuesmuyecKux uHepedueHmos, 8xo0sWux 8 co-
cmae anughumonpenapama «Anuced» cedamusHoeo delicmeusi 8 hopme Karicys, a UMEeHHO fieKap-
CMBEHHO020 pacmumeribHO20 Chipbs (Mpasbl MenUCChl 1eKapCmMeeHHOU, WUWEK XMesisi 0BbIKHOBEH-
HOe0, usemkoe siagaHdbl y3KonucmHoU) u cmaHdapmu3o8aHHOU cybcmaHuuu meda HamyparibHO20
rnopowkoobpasHo2o, Mmemodom 2a3o8ol xpomamozpachuu. [ockonbKy 3¢hupHbIe Macna rnpedcmas-
J1510m cobol CrOXHYH0 NPUPOOHY0 Mampuuy, codepxawyro eeujecmea pasiudHo20 XUMUYEeCKo20
CMpOoeHUsi, Komopble Cyu,ecCmeeHHO OmIuUYaomcs rno ceoUM OU3UKO-XUMUYeCKUM ceolicmeam, Orist
udeHmugbuKayuu U KorudecmeeHHo20 onpedesieHusi mepreHoudo8 8 fiekapCmeeHHOM pacmumesibHOM
cbipbe U 8 paspabomaHHOM ripenapame Hamu 6bi UCronb308aH Memo0d maHOeMHOU XpomMamo-macc-
criekmpomMempuu 8 eapuaHme aHasnusa pasHo8ecHoU rnaposoli ¢hasbl, 4mMo 1038ossiem OOMoNHU-
meribHO pasdeniume aHanu3upyeMble geuiecmsa 8 3agUcCUMOCMU 0m UX MOSISIPHOCMU U [UNOGUITbHO-
2udpocgburnbHbIX ceoticme. XpoMmamozpaghuposaHue rnpo8odusnu Ha 2a30-XKUOKOCMHOM Xpomamozpa-
¢e Saturn 2000 (Varian Corp., CLLIA), ocHawieHHOM mMacc-0emeKmopoM o murly UOHHOU f08YWKU.
HNdeHmubukayuro KOMIOHEHMO8 MPOBOOUSIU MymeM CPasHEeHUS! MOMHbIX Macc-criekmpos uccredy-
eMbix 06pa3yoe c coomeememesyrowuMu 0aHHbIMU 6UBTUOMEKU Macc-CreEKMpoMempuUYecKux 0aH-
Hbix NIST (150000 macc-cniekmpos), a makxxe o f1uUHelHbIM UHOeKcam yOepXKugaHUsl, KOmopble
paccyumbiganu ¢ nomouwbro npoepammbel AMDIS 0ns kaxdo20 komMrnoHeHma omdesnbHo. [nsa Ko-
JsiudyecmeeHHo20 ornpederieHusi meprneHouUdHO20 cocmasa 3hUPHbIX Maces K fnosy4YeHHbIM Xpoma-
moepaMmam npuMeHs/Iu Memod 8HympeHHe20 HOPMUPOBaHUS U orpedensnu codepxxaHue Kaxoo-
20 KOMIMoHeHma 8 npoueHmax. B achupHom macne anugpumonpenapama «Anuced» obHapyXeHb!
wiecmps OCHOBHbIX KOMITOHEHMO8, cpedu Komopbix npeobnadarom udeHmMupUUUpPOBaHHbIE Yembipe —
mupueH (54,17%), 1,8-yuHeon (14,94%), nuHanoon (9,16%), 6opHeon (9,05%). CodepxaHue udeH-
mugbuyuposaHHbIx coeduHeHul cocmaensiem 87,32%. NpoueHmHoe codep)kaHUe OCHOBHbIX mep-
reHoudHbIx coeduHeHul 8 paspabomaHHOM anughumonpenapame Xopowo Koppenupyem ¢ e2o cocma-
8oM. [JoMuHUpyrowuM 3¢hupoMacsiud4HbIM KOMITOHEHMOM paspabomaHHo20 anucgumonpenapama
«Anuced» s18r15emcsi MUPUEH, Hannuyue Komopozo obycriossiueaem 8bICOKoe obuieykpensiowee u
cedamusHoe delicmeue, NPosiCHsiem Co3HaHue, criocobcmeyem KoHUeHmpayuu 8HUMaHUS, yKpe-
nnsiem HepsHyto cucmemy. PaspabomarHHas Memoduka C UCMo/Ib308aHUeM maHOeMHOU Xpomamo-
Mmacc-criekmpomMempuu aem 803MOXHOCMb HE3a8UCUMO 0m criocoba rosyYeHUst U npoUCXoX0eHust
JleKkapcmeeHHO020 pacmumeribHO20 Chipbsi UOeHMuUUUUPO8ambs KOMIOHEHMbI 3¢hUPHO20 Macra,
a makxe, UCrornb3ysi Memod 8HYMpPEeHHe20 HOPMUPO8aHUs, ONpedesisimb UX KOIU4YecmeeHHoe Co-
OepxxaHue 8 NpoyeHmax, 4mo no3sossiem nposecmu cmaHOapmu3sayuro mepreHoudHo20 cocmasa
3pUpPHbIX Macesn pa3pabomarHHo20 npenapama Kancysn «Anuced» rno npedrnoxeHHOU MemooukKe.



