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The study of fatty acids in Anchusa officinalis L. herb
of the Ukrainian flora

The presence of different groups of biologically active substances in the medicinal plant raw material determines
its wide use in medical practice. The study of the chemical composition and possible pharmacological effects of me-
dicinal plants are priorities in the process of their research.

Aim. To study the content and the composition of fatty acids in Anchusa officinalis L. herb of the Ukrainian flora
using the gas chromatography/mass spectrometry method (GC/MS).

Materials and methods. The samples of Anchusa officinalis L. herb were harvested in June 2017 in the Ivano-
Frankivsk region. The study was performed using the GC/MS method. To identify the components, the spectra obtained
were considered on the basis of general laws of fragmentation for molecules of organic compounds under the action of
the electron impact, as well as by comparing the results with data from NIST05 and WILEY 2007 mass spectrum libraries.
The data analysis was performed using Statistic 7.0, Excel 7.0 statistical program package for Microsoft Office for Windows.

Results and discussion. This study presents the results the fatty acids investigation in Anchusa officinalis L. herb
of the Ukrainian flora. For the first time, 8 fatty acids were identified. They were myristic acid (163.36 mg/kg), palmitic
acid (2324.39 mg/kg), linoleic acid (1498.33 mg/kg), linolenic acid (2696.36 mg/kg), stearic acid (410.16 mg/kg), ara-
chidic acid (240.43 mg/kg), behenic acid (409.23 mg/kg), lignoceric acid (498,38 mg/kg). The total mass of unsaturated
fatty acids (linoleic and linolenic acid) was 4045.95 mg/kg, while the total mass of saturated fatty acids (myristic, pal-
mitic, stearic, arachidic, behenic and lignoceric acid) was 4194.69 mg/kg. It indicates an insignificant predominance of
unsaturated acids in the plant raw material. The total content of fatty acids in Anchusa officinalis L. herb was 8240.64 mg/kg
(0.8 % by weight of the plant raw material).

Conclusions. The study of fatty acids in Anchusa officinalis L. herb of the Ukrainian flora has been conducted for
the first time. In the raw material, the following 8 fatty acids have been identified: unsaturated fatty acids (linoleic and
linolenic acid) and saturated fatty acids (myristic, palmitic, stearic, arachidic, behenic and lignoceric acid). The total
content of fatty acids in Anchusa officinalis L. herb is 0.8 % by weight of a dry raw material. The dominant compound
among fatty acids is linolenic acid (2696.36 mg/kg of a dry raw material). Taking into account the above the further
search for the method of obtaining the fatty acid complex from Anchusa officinalis L. herb is promising in order to de-
velop the effective and safe herbal medicines.
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C. IN. Ceipcbka

IBaHO-PpaHKIBCbKMI HaLLiOHANbHUIA MeAWUYHUIA YHIBEpCUTET, YKpaiHa

BuB4YeHHSA XUPHUX KUCNOT y TPpaBi BoNoBUKa nikapcbkoro (Anchusa officinalis L.)

c¢hrnopu YkpaiHm

HasBHicTb pi3HMX rpyn 6ionoriYyHO akTMBHMX PEYOBWH Y MiKapChKii POCINHHIN CUPOBWHI 3yMOBIIOE i LUMPOKE BU-
KOpPUCTaHHA B MEAMYHIN NpakTuLi. BuB4eHHSA XiMiYHOro cknagy ta MOXNMBKX hbapMakonoriyHux eekTiB fikapCbkux
POCIUNH € NPIOPUTETOM Y NpoLEeCi iX AOCNIMKEHHS.

MeTa. BvBunTM BMICT Ta cknaj XWpHUX KUCMOT y TpaBi Bonosuka nikapcbkoro (Anchusa officinalis L.) donopu
YkpaiHu 3 BUKOPUCTaHHSAM METOAY ra3oBoi xpomarorpadii / mac-cnektpometpii (FTX/MC).

Marepianu Ta meToam. 3pasku TpaBw BonoBmKa nikapcbkoro (Anchusa officinalis L.) 6yno 3arotoBneHo B IBaHO-PpaH-
KiBCbKiv obriacTi B yepsHi 2017 poky. [locnipkeHHsa nposeaeHo metogom MX/MC. [ns ineHTudikaLii KOMNOHEHTIB OTpUMaHi
CNEeKTPW PO3IMSHYTO LWOAO 3aranbHUX 3aKOHIB hparmeHTauii MoneKkyn opraHiyHWX CNonyk nig Gi€to BNvMBY €neKTpoHa,
a TaKOX LLINSIXOM MOPIBHSIHHSA pe3yrnkTartiB 3 AaHumMm Gibniotek mac-cnektpa NISTO5 ta WILEY 2007. AHanis aHux BUKOHaHO
i3 BUKOPUCTaHHSIM CTaTUCTUYHOrO NporpamHoro nakety Statistic 7.0, Excel 7.0 gns Microsoft Office ana Windows.

Pe3ynbrat Ta ix 06roBopeHHs. Y CTaTTi HaBe4eHO pe3ynbTaT BUBYEHHS XUPHUX KUCMOT Yy Tpasi BOMoOBYMKa
nikapcekoro (Anchusa officinalis L.) donopu Ykpainu. Ynepiue 6yno BUABNEHO 8 XXMPHUX KUCHOT, 3-NMOMDK SIKUX: MipUC-
TMHoBa (163,36 mr/kr), nanbmiTnHoBa (2324,39 mr/kr), niHonesa (1498,33 mr/kr), niHoneHoBa (2696,36 mr/kr), cTea-
puHoBa ( 410,16 mr/kr), apaxigoBa (240,43 wmr/kr), 6ereHoBa (409,23 mr/kr), nirHouepuHosa (498,38 Mr/Kr) KUCNOTW.
BaranbHa Maca HeHacuU4YeHUX XUPHUX KUCMOT (NiHoneBoi Ta niHoneHoBoi) ctaHoBuna 4045,95 mr/kr, 3aranbHa maca
HaCUYEHUX XUPHUX KUCNOT (MIpUCTMHOBOI, NanbMIiTUHOBOI, CTEApWMHOBOI, apaxifoBoi, 6ereHoBoI Ta NirHoLeprHOBOIT) —
4194,69 mr/kr. Lle cBigunTb Npo He3HayHe nepeBaXKaHHs HEHACUYEHUX KUCINOT Y 3a3HaveHin CUPOBUHI. 3aranbHum
BMICT XXUPHUX KUCIoT Yy Tpasi Anchusa officinalis L. ctaHoBuTb 8240,64 mr/kr (0,8 % Big Macu poCrMHHOT CUPOBUHN).
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BucHoBkU. [locnifxeHHs XUPHUX KUCINOT Yy TpaBi Borosumka nikapcbkoro (Anchusa officinalis L.) conopu Ykpainu
NpoBeAEeHO BriepLUe. Y CUPOBUHI BUSIBMIEHO 8 XMPHUX KUCIOT: HEHACWYEHi XXMPHI KACMOTK (NiHoneBy Ta NMiHONEHOBY)
Ta HaCWYeEHi XMUPHI KUCNOTU (MIPUCTMHOBY, NanbMITUHOBY, CTEAaPUHOBY, apaxifoBy, OereHoBy Ta nirHouepuHoBy). 3a-
ranbHUN BMICT XXUPHUX KMCNOT Yy TpaBi Anchusa officinalis L. ctaHoBuTb 0,8 % Big Macu cyxoi cupoBuHU. [loMiHaHTHOO
CrMOMYKO Cepen XUPHUX KUCIOT € NiHoneHoBa kucrnota (2696,36 Mr/kr cyxoi cupoBuHM). 3 ornsiay Ha BuLLe3asHayYeHe
nepcnekTVBHMM NOCTaEe NOLLYK CNOCOBY OTPMMaHHS KOMMIEKCY XUPHUX KUCIOT i3 TpaBu BOMOBMKA NiKapcbKoro 3 Me-
TOK po3pobrieHHss ehekTUBHMX Ta Be3nedHmx gitonpenaparTis.

Knrovoei cnoea: Anchusa officinalis L.; mpasa; T’X/MC; 6iono2idyHO akmueHi pe4o8UHU; XUPHI Kuciomu

C. IN. Ceupckas
VMBaHO-PpaHKOBCKMI HaLMOHaNbHbIA MEAULMHCKUIA YHUBEPCUTET, YKpanHa

M3y4yeHune XUPHbIX KACINOT B TpaBe BONOBUKA JIeKapCTBEHHOrO
(Anchusa officinalis L.) onopbl YKpanHbl

Hannune pasnuyHbIX rpynn G1onorM4ecky akTMBHbIX BELLECTB B NIEKapCTBEHHOM pacTUTENbHOM Chipbe npedonpene-
NSET ero LWMPOKOe UCMONb30BaHNe B MEANLMHCKOM NpaKTUKe. MIydeHne XumMmnyeckoro coctaBa U BO3MOXHbIX dhapma-
KONMornyecknx apeKToB NneKkapCTBEHHbIX pacTEHUI ABMAETCS NPUOPUTETOM B NPOLECCE UX UCCIIEA0BaHNS.

Lenb. M3yunTb cogepxaHune n coctas XMPHbIX KUCNOT B TpaBe BOMNOBMKa nekapcTBeHHoro (Anchusa officinalis L.)
dnopsbl YKkpaunHbl C NCMonb3oBaHNeM MeToAa ra3oBomn xpomartorpadumm / macc-cnekrpomeTtpum (MX/MC).

MaTepuansl u metoabl. O6pa3subl TpaBbl BONoBMKa fiekapcTBeHHoro (Anchusa officinalis L.) 6binu 3arotoBneHbl
B BaHO-®paHkoBckon obnactu B utoHe 2017 roga. Viccnenosanne nposegeHo metogom MX/MC. Onsa naeHtudmkauum
KOMMOHEHTOB NOMYyY€HHbIE CNEKTPbI PACCMOTPEHbI B OTHOLLEHUM OBLLIMX 3aKOHOB oparmeHTaLmm MONeKyrn OpraHnYeckmx
CcoeaVHEHVIN NOA BNNSHNEM 3MNEeKTPOHa, a Takke NyTemM CpaBHEHWS pe3ynsTaToB ¢ AaHHbIMU G1UbnnoTek Mmacc-cnekTpa
NISTO5 n WILEY 2007. AHanu3 gaHHbIX BbIMOSTHEH C UCMOMb30BaAHNEM CTAaTUCTUYECKOro NporpaMMHOro nakerta
Statistic 7.0, Excel 7.0 ansa Microsoft Office gnss Windows.

PesynksraThbl M nx obecyxaeHue. B naHHoM cTatbe NnpeacTaBneHbl pesynsTaTthl U3y4YeHNs XXUPHbIX KUCMOT B TpaBe
BOIoBMKa nekapctBeHHoro (Anchusa officinalis L.) donopbl YkpavHbl. Bnepsble 66110 BbISBNEHO 8 XMPHBIX KUCIIOT,
B 4aCTHOCTU: MUPUCTUHOBYIO (163,36 mr/kr), nanbmMmnTuHOBYIO (2324,39 mr/kr), nuHonesyto (1498,33 mr/kr), nuHone-
HOBYO (2696,36 mr/kr), cteapuHoByto (410,16 mr/kr), apaxvugoByto (240,43 wmr/kr), 6ereHoByto (409,23 mr/kr), NUrHO-
uepuHoByto (498,38 mr/kr) kncnotbl. ObLWaa Macca HEHAChILWEHHbIX XUPHbBIX KUCNOT (IMHONEBON M NIMHONEHOBOWN)
coctasnsana 4045,95 mr/kr, o6Laa Macca HacbILEHHBIX XMPHBIX KUCNOT (MUPUCTUHOBON, NaribMUTUHOBOW, CTEapUHO-
BOWN, apaxunaoBon, 6ereHoBour n nurHouepuHoBou) — 4194, 69 mr/kr. 3To CBMAETENLCTBYET O HE3HAYUTENBHOM MPeoh-
NnafaHuy HEHACbILWEHHbIX KUCMOT B AaHHOM cbipbe. ObLee coaepxkaHue XMpHbIX KUCNOT B Tpaee Anchusa officinalis L.
coctaBngeT 8240,64 mr/kr (0,8 % OT Macchl pacTUTENBHOTO ChIpbS).

BeiBoabl. ViccrniegoBaHne XMpHBIX KACIOT B TpaBe BOMOBMKA nekapcTtBeHHoro (Anchusa officinalis L.) donopbl
YKpaviHbl TpoBeaAeHo Bnepsble. B cbipbe BbIiBNEHbI 8 XMPHBIX KMCIOT: HEHACILLEHHbIE XXUPHbIE KMCNOThI (IMHONeBast
N NIMHONEHOBAS) N HaCbIWEHHbIE XXUPHbIE KMCNOTbl (MUPUCTUHOBAS, NanbMUTUHOBASA, CTeapnHOBas, apaxugosas,
GereHoBas u nurHouepuHoaas). ObLLee cogepkaHue XMpPHbIX KUCMOT B Tpaee Anchusa officinalis L. coctaensieT 0,8 %
OT Macchbl CyXoro Cbipbsi. JOMUHUPYIOLLEN B COCTaBE XMPHBIX KUCIOT SBASETCHA NIMHONEHoBas kucnora (2696,36 Mr/kr cyxoro
cbipbsi). C y4eToM BbiLLECKa3aHHOro NepPCrneKkTUBHbIM ABNSAETCA AaNbHENLNN NOUcK crnocoba nonyyeHns Komnnekca
XUPHBIX KUCIOT M3 TpaBbl BOMOBUKA JIEKAPCTBEHHOMO C Lierbio pa3paboTkn apdekTMBHbIX 1 Ge3onacHbix uTtonpe-
naparos.

Krnroyeenie cnoea: Anchusa officinalis L.; mpaea; [X/MC; 6uonoaudecku akmueHbIe 8eL4ecmea; XUpHbIe KUCIOMbI

Introduction. Despite significant advances in the study
of medicinal plants, all the possibilities associated with
their use in medicine have not yet been exhausted. Cur-
rently, the selection and study of individual biologically
active substances from plants are the main areas of re-
search when developing new drugs. Often, when using
medicinal plants, not just any substance, but a complex
of substances is active. At the same time, substances that
do not have a self-expressed pharmacological effect can
contribute to the therapeutic effect. The presence of dif-
ferent groups of biologically active substances in the me-
dicinal plant raw material determines its wide use in me-
dical practice. Biologically active substances of plants
are inorganic and organic compounds; their common cha-
racteristic is high activity in relatively small quantities.
The study of the chemical composition and possible
pharmacological effects of medicinal plants are priori-
ties in the process of their research.

Fatty acids are not synthesized by the human body.
Different types and concentrations of fatty acids are pre-
sented in many plant and animal sources. Unsaturated
fatty acids, in particular linoleic and linolenic, regulate

the lipid metabolism, provide the growth and develop-
ment of organisms and increase their resistance to harm-
ful environmental factors [1, 2].

Anchusa L. is one of the largest genera concentra-
ted in the Mediterranean. They grow mainly in Europe,
West Asia and Tropical Africa [3-5]. Anchusa L. species
are herbaceous, annual and perennial plants, mostly densely
covered with rough hairs. 11 species of Anchusa L. grow
in Ukraine. They are divided into 4 sections by morpho-
logical characteristics: Fuanchusa Griseb., Buglossum
(Gaertn.) Reichenb., Buglosellum Gusul. (pro subgen.)
and Cynoglottis Gusul. (pro subgen.) [6-9].

Anchusa L. species are a valuable source of natural
compounds with potential therapeutic effects. Due to the va-
riety of biologically active substances, Anchusa genus
species show diverse pharmacological actions [9].

Anchusa officinalis L. is the most common type and
it is widespread in muddy and sandy places and in fields
almost all over Ukraine [9].

There is limited number of reports in the world on
studying fatty acids in Anchusa genus species. Al-Salihi F.
et al. (2007) investigated fatty acids in Anshusa strigosa L.
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dry flowers. The highest content was recorded for n-hexa-
decanoic and octadecanoic acids — 3.6404 pgm and
4.6040 ugm /100 g of a dry raw material, respectively [2].
Kukukboyaci N. et al. (2013) determined the content of
fatty acids in the seed oils of Anchusa species of the Tur-
kish flora — Anchusa azurea Miller var. azurea, Anchusa
leptophylla Roemer & Schultes subsp. leptophylla, Anchusa
arvensis (L.) Bieb. subsp. orientalis (L.) Nordh. and Anchusa
undulata L. subsp. hybrida (Ten.) Coutinho. The com-
position of fatty acids for all species was the same, and
it was represented by oleic, palmitic, linolenic, y-lino-
lenic and a-linolenic acids [1]. Ozcan T. (2008) studied
the fatty acid composition in seeds of two informal groups
of Anchusa officinalis L. of the Turkish flora. It was found
that predominant acids were linoleic, oleic, and a- and
y-linolenic [10]. Thus, the study of fatty acids of Anchusa
officinalis L. herb of the Ukrainian flora is relevant and
is conducted for the first time.

The aim of this work was to study the content and
the composition of fatty acids in Anchusa officinalis L.
herb of the Ukrainian flora using the gas chromatogra-
phy/mass spectrometry method (GC/MS).
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Materials and methods. The samples of Anchusa of-
ficinalis L. herb were harvested in June 2017 in the Ivano-
Frankivsk region. The plant was identified at the Depart-
ment of Pharmacy, Ivano-Frankivsk National Medical
University, Ivano-Frankivsk, Ukraine, and the authenti-
cated voucher specimens were deposited there. All rea-
gents used were of the highest purity (Sigma-Aldrich,
St. Louise, USA). The study was performed by the GC/MS
method using an Agilent Technologies 6890 chromato-
graph with a 5973 mass spectrometric detector and a HP-5ms
capillary column (diameter — 0.25 mm, length — 30 m).
The speed of the carrier gas (helium) was 1.0 ml/min.
The temperature of the sample heater was 250 °C. The tem-
perature of the thermostat was programmed from 60 °C
to 320 °C with a speed of 7 °/min.

To obtain fatty acid methyl esters, 0.05 g of the crushed
herb was placed in 2 ml vials, adding n-tridecane as an in-
ternal standard and 2 ml of 2 % solution of acetyl chloride
in methanol. The vials were incubated for 2 h at 37 °C. Fatty
acid methyl esters were extracted with 500 pl of hexane.

To identify the components, the spectra obtained were
considered on the basis of general laws of fragmentation
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Fig. The scheme of chromatography of fatty acids in Anchusa officinalis L. herb
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Table
Fatty acids of Anchusa officinalis L. herb

n:rimatl)(er R.T. min Substance no(ri:]:r?gll;?lljre C;gt/igtl
1. 7.636 |Tetradecanoic acid (Myristic acid), methyl ester C14:.0 163.36
2. 12.095 |Hexadecanoic acid (Palmitic acid), methyl ester Cc16:0 2324.39
3. 15.844 |9,12-Octadecadienoic acid (Linoleic acid), methyl ester, (Z,2)- C18:2n6 1498.33
4, 15.987 |9,12,15-Octadecatrienoic acid (Linolenic acid), methyl ester, (Z,Z,7)- C18:3n6 2696.36
5. 16.589 |Octadecanoic acid (Stearic acid), methyl ester c18:.0 410.16
6. 18.750 |Nonadecanoic acid internal standard
7. 20.838 |Eicosanoic acid (Arachidic acid), methyl ester C20:0 240.43
8. 24.793 | Docosanoic acid (Behenic acid), methyl ester C22:0 409.23
9. 27.886 |Unidentified component (alkane) - 238.69
10. 28.466 |Tetracosanoic acid (Lignoceric acid), methyl ester C24:0 498.38
11. 31.528 |Unidentified component (alkane) - 1639.11
12. 34.773 |Unidentified component (alkane) - 3398.70
13. 35.291 |Unidentified component - 295.85
14. 37.545 |Unidentified component (alkane) - 982.02
15. 38.049 |Unidentified component - 748.84

Total 15543.85

The amount of saturated fatty acids 4045.95

The amount of unsaturated fatty acids 4194.69

for molecules of organic compounds under the action
of the electron impact, as well as by comparing the re-
sults with data from NISTO05 and WILEY 2007 mass
spectrum libraries with a total of more than 470000. The quan-
titative content of components (X, mg/kg) was determi-
ned relative to the internal standard by the formula:

X = (P, x 50) / (P, x m),

where: P, — is the peak area of the substance studied;
50 — is the mass of the internal standard introduced into
the sample, pg; P, — is the peak area of the standard;
m — is the weight of the raw material, g.

The data analysis was performed using Statistic 7.0,
Excel 7.0 statistical program package for Microsoft Office
for Windows.

Results and discussion. This study presents the re-
sults the fatty acids investigation in Anchusa officinalis
L. herb of the Ukrainian flora. For the first time, 8 fatty
acids were identified: 2 polyunsaturated — linoleic, y-lino-
lenic and 6 saturated — palmitic, stearic, myristic, ara-
chidonic, behenic, lignocerinic acids. However, 6 com-
pounds were not identified, but it was determined that 4
of them belonged to alkanes. The data obtained are pre-
sented in Fig.

The results of the analysis of fatty acids in Anchusa
officinalis L. herb are given in Table.

According to data of Tab. 1, 15 compounds were
determined in Anchusa officinalis L. herb; 8 of them
were identified as fatty acids. They were myristic acid
(163.36 mg/kg), palmitic acid (2324.39 mg/kg), linoleic

acid (1498.33 mg/kg), linolenic acid (2696,36 mg/kg),
stearic acid (410.16 mg/kg), arachidic acid (240.43 mg/kg),
behenic acid (409,23 mg/kg), lignoceric acid (498.38 mg/kg).
The total mass of unsaturated fatty acids (linoleic and
linolenic acid) was 4045.95 mg/kg, while the total mass
of saturated fatty acids (myristic, palmitic, stearic, ara-
chidic, behenic and lignoceric acid) was 4194.69 mg/kg.
It indicates an insignificant predominance of unsaturated
acids in the plant raw material. The total content of fatty
acids in Anchusa officinalis L. herb was 8240.64 mg/kg
(0.8 % by weight of the plant raw material).

Conclusions and prospects of further research

The study of fatty acids in Anchusa officinalis L. herb
of the Ukrainian flora has been conducted for the first
time.

In the raw material, the following 8 fatty acids have
been identified: unsaturated fatty acids (linoleic and lino-
lenic acid) and saturated fatty acids (myristic, palmitic,
stearic, arachidic, behenic and lignoceric acid).

It has been determined that unsaturated acids are pre-
dominant in the plant raw material. The dominant com-
pound among fatty acids is linolenic acid (2696.36 mg/kg
of a dry raw material). The total content of fatty acids
in Anchusa officinalis L. herb is 0.8 % by weight of
a dry raw material.

Taking into account the above the further search for
the method of obtaining the fatty acid complex from
Anchusa officinalis L. herb is promising in order to de-
velop the effective and safe herbal medicines.

Conflict of interest: the author has no conflict of
interests to declare.
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