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This article presents results of the chemical composition study of the seeds oils lipid complex of Nigella Sativa L. grown under various geo-
graphic conditions. The task of the comprehensive study of the chemical composition of the plant and its individual parts remains relevant
due to the wide spectrum of its pharmacological activity.

The aim of this work is a comparative study of the fatty acid composition, a non-saponifiable fraction and the composition of essential oils
of Nigella Sativa L. seeds grown in different regions of the world.

Materials and methods. The combination of chromatography-mass spectrometry and 1H-NMR spectroscopy methods made it possible to
study the qualitative and quantitative composition of Nigella Sativa L. lipid complex seeds. All the experiments were carried out in accor-
dance with the requirements of the State Pharmacopoeia, 14th Ed, given in the corresponding general pharmacopeial monographs.
Results. Profiles have been established and the content of fatty acids, sterines, triterpene alcohols, essential oils and thymoquinone found
out in the lipid complex, has been estimated. The saponifiable portion of the complex is represented by triglycerides (81.7-95.3%), di-
(3.9-15.2%) and monoglycerides (0.7-4.1%). They mainly contain linoleic (55.8—60.6%), oleic (21.8—-24.6%), palmitic (10.0-12.8%), stearic
(2.4-3.2 %) and cis-11.14-eicosadiene (2.3-2.6%) acids. In the lipid complex, the contents of sterines and triterpene alcohols were 0.4-0.7%;
up to 70% of the fraction was represented by B-sitosterol (22.5-29.2%), cycloartenol (20.1-36.6%) and 24 methylenecycloartanol (9.5-19.9%).
In the trace amounts (up to 1.0%), cholesterol has been detected in all the samples. In the lipid complexes, the content of thymoquinone ranged
from 0.7 to 2.6%.

Conclusion. A comparative study of the seeds lipid complex of Nigella Sativa L. grown under various geographic conditions, has been carried
out. The marker compounds as well as their content standards for determining the authenticity of raw materials (thymoquinone, para-ci-
men, cis-11.14-eicosadienic acid), have been identified.
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B faHHOM CTaTbe NPeaCcTaBNeHbl Pe3y/bTaTbl UCCAEA0BAHUA XMMUYECKOrO COCTaBa IMNMUAHOTO KOMMJIEKCA U3 CEMAH YePHOro TMUHA, Bbipa-
LLEHHOTO B Pa3/IMYHbIX reorpaduyeckmx ycnosuax. AKTyanbHOM OCTaeTcA 3a4a4a BCECTOPOHHETO M3yYeHUA XMMUYECKOTO COCTaBa pacTeHUsA
1 ero oTAe/IbHbIX YacTei, 06yCc/0BNEHHAsA LMPOKMM CMEKTPOM ero GapmaKoNorMyeckoin akTUBHOCTHU.

Lienb faHHOM paboTbl — CPAaBHUTENIbHOE UCCNEA0BAHUE KUPHOKUCIOTHOTO COCTaBa, HEOMbINAEMOW dpaKLMmM 1 cocTaBa aGUPHbIX Macen
CEMAH YEPHOro TMUHA, BbIPALLEHHOTO B PA3/IMYHbIX PErMoHax Mmpa.

Martepuanbl u metoabl. COBOKYMHOCTbIO METOA0B XPOMATO-MACC-CNEKTPOMETPUMN U cneKkTpockonuu AMP 'H M3yyeH KayecTBeHHbI U Ko-
JINYECTBEHHbI COCTaB IMMUAHOTO KOMIMIEKCA CEMAH YEPHOTO TMUHA. Bce aKCNepMMeHTbl NPOBOAUAN B COOTBETCTBMU C TpeboBaHMAMM
locypapcTtBeHHOM dapmakonen XIV nsgaHus, NnpuBeseHHbIMU B COOTBETCTBYIOLLMX 06LWMX dapMaKoNenHbIX CTaTbAX.

Pe3ynbratbl. YcTaHOBAEHbI MPOdUAN U OLLEHEHO cofepyKaHWe KUPHbIX KUCNOT, CTEPUHOB, TPUTEPNEHOBbIX CMUPTOB, 3GUPHbLIX Macen u Tu-
MOXWHOHA, 06HAPYYKEHHbIX B IMNUAHOM KoMrieKkce. OMblasemMasn YacTb KOMMIEKCa NpeacTaBaeHa Tpurmnuepugamm (81,7-95,3%), npucyT-
cTBYIOT Au- (3,9-15,2%) n moHornmuepuapl (0,7—4,1%). OHM cogep:KaT B COCTaBe NPeUMYLLECTBEHHO IMHONEBYIO (55,8—-60,6%), onenHosyto
(21,8-24,6%), nanbmuTnHoByto (10,0-12,8%), cteapuHoByto (2,4-3,2%) u yuc-11,14-3iKko3agmeHoByto (2,3-2,6%) Kucnotbl. CopgepKaHue
CTEPUHOB U TPUTEPMEHOBBIX CMUPTOB B IMNUAHOM Komniekce coctasuno 0,4-0,7%, no 70% dpakummn npeactaBaeHo B-CUTOCTEPUHOM
(22,5-29,2%), umknoapteHonom (20,1-36,6%) n 24-meTuneHumknoaptaHonom (9,5-19,9%). B cnegosbix Konmyectsax (4o 1,0%) Bo Bcex
0b6pasuax bbin 06HapyKeH xonectepuH. CogepikaHne TUMOXMHOHA B IMNUAHBIX KOMMEKcax BapbupoBanock B npegenax 0,7-2,6%.
3akntoueHue. MpoBeseHO CPAaBHUTENBHOE U3yYEHUE NMUAHOTO KOMMNIEKCA U3 CEMAH YEPHOTO TMUHA, BbIPALLEHHOTO B PA3/IMYHbIX reorpa-
dUYECKUX YCNOBUAX, BbIABAEHbI COEAUHEHUA-MAPKEPDI, @ TAKXKE HOPMbI UX COAEPMKaHUA AR ONpeAeneHUs NogAUHHOCTM CbipbA (TMMOXM-
HOH, Napa-uMmeH, yuc-11,14-31Ko3aaMeHoBas KMCoTa).

Kntouesble cnoBa: 4épHbiii TMuH, Nigella sativa L., s)kupHoe macno, adupHOe Macsio, XpOMaTO-Macc-CNeKTPOMeTpus, cnekTpockonusa AMP

INTRODUCTION

Since classical times, Nigella sativa L. has been cul-
tivated in the Mediterranean, North Africa, Central Asia,
India, and the Middle East. On the territory of Russia, it
can grow and ripe in the North Caucasus, in Tatarstan
[1-4].

Nigella sativa L. seeds are used as a spice (nigella) and
oily raw materials. They can contain up to 70% oil [5].

Nigella sativa L. oil has a wide range of pharma-
cological activities and therefore is widely used in folk
medicine of the East. Today, there is a great number of
scientific papers devoted to the study of the pharmaco-
logical activity of this plant material [6—11].

Nigella sativa L. fatty seed oil is richer in palmitic
acid and relatively rare fatty acids of C20 group than
sunflower oil. Compared to palm oil, it is much richer
in polyunsaturated fatty acids and also contains a lot of
palmitic acid [5, 12, 13].

The unsaponifiable components of Nigella sativa L.
seed oils are represented by a complex of sterines,
monoterpenes, diterpenes and triterpenes. In its turn,
Nigella sativa L. is a valuable resource of the essential
oil, which consists of terpenes and products of their ox-
idation, condensation and cyclization — phenols, thymo-
hydroquinone and thymoquinone. The total content of
the essential oil in Nigella sativa L. seeds is from 0.5 to
3% of air dried raw materials [3, 14, 15].

Modern instrumental methods including gas chro-
matography and high-performance liquid chromatog-
raphy with various types of detection, and a nuclear
magnetic resonance method, were used to study the
phytochemical composition of Nigella sativa L. seeds
[14-21].

The composition of Nigella sativa L. essential oil
contains a rather high content of thymoquinone. It is
due to the fact that thymoquinone is the final oxidation
product in this chain of terpenes, therefore, it is most
accumulated in the oil.
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Thymoquinone can undergo further transforma-
tions, for example, in the light it dimerizes, forming dith-
ymogquinone, which indicates its photosensitivity. As a
product of thymoquinone dimerization, dithoquinone
is less studied and presumably, like thymoquinone, may
have an antitumor effect [22—-25].

Currently, information on the comparative chemical
composition of Nigella sativa L. seeds according to the
growth region, is not registered in the available litera-
ture. In this regard, it seems relevant to carry out this
kind of research.

THE AIM of this work was a comparative study of
the fatty acid composition, the unsaponifiable fraction
and the composition of essential oils of Nigella sativa L.
grown in different regions of the world.

MATERIALS AND METHODS

The samples of Nigella sativa L. seeds were obtained
from 7 different eco-economic regions of the globe: Ye-
men, the Russian Federation (Republic of Tatarstan), In-
dia, Tajikistan, Ethiopia, Egypt, Israel in the period within
2017-2018. The authenticity of the raw materials was
checked by a microscopic method in accordance with
the requirements of the State Pharmacopoeia (14th
Ed.), general pharmacopeial monograph 1.5.3.0003.15
“Technique of microscopic and microchemical studies
of medicinal plant materials and herbal medicines” and
general pharmacopeial monograph 1.2.1.0009.15 “Op-
tical microscopy”. The studied oils had been obtained
from Nigella sativa L. seeds in Soxhlet’s apparatus by
method of circulating extraction. The seeds had been
pre-crushed to a particle size passing through a 0.5 mm
sieve. The test samples in the amount of 50.0 g were
placed into a cartridge and loaded into Soxhlet’s appara-
tus. The extraction was carried out with n-hexane. After
the extraction, the extractant was distilled off on a rota-
ry evaporator IR-1MZ at the temperature of 40°C.

By this method of obtaining oils, both the lipid com-
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plex of Nigella sativa L. seeds and the essential compo-
nent of the oil had been extracted [26]. Then the lipid
complex was saponified and converted into a mixture of
methyl esters.

Study of fatty acid oils composition by gas chroma-
tography

The operating mode of Agilent6890N Chromatograph
(Agilent Technologies, USA) was the following: capillary
column VF-23 ms (Agilent Technologies, USA, 30 m length,
0.32 mm internal diameter, 0.25 um phase thickness), the
carrier gas was helium, the velocity of the carrier gas was
1.5 ml/min, the injector temperature was 280°C, the ini-
tial temperature of the chromatograph furnace was 50°C,
then there was isotherm for 2 min; after that it was heat-
ed at the speed of 10°C/min up to 180°C, held up for 5
minutes, then heated up to 240°C at the rate of 5°C/min.

The total analysis time was 32 minutes. The sample
was injected in a flow split mode (1:10). The fatty acids
were identified by comparing the retention times of the
peaks in the chromatograms of the test samples with
the retention times of the peaks in the chromatogram
of a standard sample — a mixture of 37 fatty acid methyl
esters (Supelco® 37 component FAME mix, 10 mg/ml,
methylene chloride, Cat. No CRM47885, Sigma-Aldrich,
USA). Each sample was analyzed three times.

Sample preparation: fatty acid methyl esters were
obtained by transesterification of glycerides. A sample
weighed quantity of about 10.0 mg was placed in a 7.0
ml glass vial with a screw cap, then 1.0 ml of methanol
and 100.0 pl of acetyl chloride were added.

The vial was closed and placed in a laboratory heat-
er for 60 min at 80°C. After cooling the reaction mixture,
3.0 ml of double-distilled water was added to the vial,
followed by 1.0 ml of n-hexane, and shaken. 1 pul of the
upper layer of n-hexane was injected into a gas chro-
matograph.

The composition of unsaponifiable components of
Nigella sativa L. seeds oils was studied by chromatogra-
phy-mass spectrometry.

The operating mode of Agilent6890N Chromatograph
(Agilent Technologies, USA) was the following: capillary
column VF-23 ms (Agilent Technologies, USA, 30 m length,
0.25 mm internal diameter, 0.25 um phase thickness), the
carrier gas was helium, the velocity of the carrier gas was
1.5 ml/min, the injector temperature was 280°C, the ini-
tial temperature of the chromatograph furnace was 60°C,
then there was isotherm for 3 min; after that it was heat-
ed at the speed of 10°C/min up to 290°C and held up for
20 minutes. The total analysis time was 46 minutes. The
mass spectra recording mode was the following: mag-
netic sector mass detector JMSG C Mate Il (JEOL, Japan),
ionization energy of 70 eV, the source temperature of
270°C, scanning in the range of 40—-400 Da at the speed of
2 scans/sec. The volume of the injected sample was 1 pl.

For the identification, standard samples of individ-
ual compounds and the NIST 14 mass spectral database
were used; in case of the absence of mass spectra of
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the detected components in it, the structure was estab-
lished on the basis of characteristic fragmentation pro-
cesses and the data on the chromatographic properties
of the studied compounds.

To calculate the retention indices, an analysis of
the mixture of normal hydrocarbons (C6—C35) was per-
formed under the selected chromatographic conditions.
When determining the relative percentage of the com-
ponents of essential oils in terms of their total content,
the ionization coefficients were equalized. When deter-
mining the quantitative content of sterols and triterpene
alcohols in terms of the internal standard, their ioniza-
tion coefficients were equalized.

Sample preparation: using an automatic pipette dis-
penser, 10 ul of the essential oil was taken and placed
in a 2.0 ml glass vial for chromatography, 1 ml of chlo-
roform was added, and the vial was vigorously shaken.
Then 1 pl of the solution was injected into GC-MS.

To isolate the unsaponifiable fraction, 100.0 mg of
the sample was placed in a 5 ml glass vial, then 1 ml of
potassium hydroxide solution, 2M, and 20 ul of an in-
ternal standard solution (cholestanol, 10.0 mg/ml) were
added. Then the samples were kept for an hour at the
temperature of 80°C and after cooling the reaction mass,
3 ml of bidistilled water was added. The unsaponifiable
fraction was extracted in three portions of 1 ml of diethyl
ester, the extracts were combined, passed through a car-
tridge with sodium sulfate, blown dry under the nitro-
gen current, and silicated before the analysis. To do this,
300 pl of BSTFA: acetonitrile (1:2) mixture was added to
the dry residue and kept for 30 minutes at 80°C, then
1 ul of the solution was injected into the GC-MS device.

Study of oils composition by NMR spectroscopy

Quantitative NMR spectra of Nigella sativa L. seeds
lipid complexes were recorded and processed using the
Delta program (JEOL, Japan), which provides an instru-
ment control, data collection and analysis.

The 1H-NMR spectra were recorded under quantita-
tive conditions (32K points per spectrum, 16 accumula-
tions, 90° pulse, 40 with a delay between pulses). For the
guantitative determination, the integral signal intensity of
chloroform was taken as 1. The content of thymoquinone
in the sample was determined by the following formula:

m(T) = n(CHCL,) * I(T) *M(T),

where:

m (T) is the mass of thymoquinone in the sample,

n (CHCI3) is the content of the residual proton-con-
taining deuterochloroform isotopomer in moles,

I (T) is the integrated signal intensity of thymoqui-
none at 6.51 or 6.57 ppm,

M (T) is the molecular weight of thymoquinone,
equal to 166 Da.

RESULTS AND DISCUSSION

Physico-chemical properties of the obtained Nigella
sativa L. seeds lipid complexes are presented in Table. 1.

The content of Nigella sativa L. seeds lipid complex-
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es in terms of absolute dry raw materials amounted to
about 30.4-37.8%. The highest yield was observed for
the seeds from Russia (Tatarstan). The smallest yield was
observed for the seeds from Ethiopia.

Figure 1 shows typical chromatograms of fatty acid
methyl esters obtained from Nigella sativa L. seeds lipid
complexes and methyl esters of Supelco® 37 component
FAME mix by transesterification of triglycerides.

As Figure 1 shows, 5 main components have been
revealed in the samples, which constitute a total of
98.7-98.9% of the fatty acids content; the remaining
components have been detected in the trace amounts.
The content of the predominant unsaturated acids (lin-
oleic C18: 2 and oleic C18: 1) in the samples amounts
to a total from 80.4% to 83.9%. The content of ichtrans
isomers (elaidic — C18: 1n9t and linoleidic — C18: 2n6t
acids) is very insignificant and does not exceed 0.05%.
In its fatty acid composition, Nigella sativa L. seeds oil is
close to sunflower oil, but contains much more palmit-
ic acid. According to this indicator, it exceeds palm oil
twice (Table 2). Cis-11.14-eicosadiene acid has also been
detected in lipid complexes; in the samples, its content
varied within 2.3-2.6%. This component can be consid-
ered one of the markers of the authenticity of Nigella
sativa L. seeds.

Table 2 shows the results of the study of fatty acids
compositions of seven Nigella sativa L. seeds samples
from different regions of the world.

The results presented in Table 2, indicate the pres-
ence of comparable amounts of fatty acids in all the
studied samples. A noticeable difference is observed
only in the case of palmitic acid — up to 3.0%.

The results of the study of the unsaponifiable frac-
tion of the Nigella sativa L. seeds lipid complexes by
GC-MS, are presented in Table 3.

The above data shows that the content of sterols
and triterpene alcohols depends on the country of or-
igin of the seeds, however, a characteristic profile is
preserved in all oil samples. The total content of sterols
and triterpene alcohols was 400.3-719.7 ug/100.0 mg
(0.4-0.7%). It has been found out that B-sitosterol is the
main component of the fraction, its content was about
22.5-29.2%, campesterol and stigmasterol were detect-
ed in the amounts of 4.8-6.0% and 7.7-9.6%, respec-
tively. Cycloartenol (20.1-36.0%) and 24-methylenecy-
cloartanol (9.5-19.9%) are the dominant triterpene
alcohols found in the lipid complexes of Nigella sativa L.
seeds. In the trace amounts (up to 1.0%), cholesterol has
also been detected in all the samples.

The low molecular weight fraction of unsaponifiable
substances is represented by a set of mono-terpenes and
their oxidation products: pinenes, limonene, r-cimol,
carvacol, thymoquinone, trace amounts of free fatty ac-
ids — palmitic, stearic, linoleic, oleic and cis-11.14-eico-
sadiene. Free fatty acids indicate the residual activity of
the lipase enzyme present in Nigella sativa L. seeds; this
enzyme causes hydrolysis of acylglycerides.
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A typical chromatogram of Nigella sativa L. essential
oil is shown in Figure 3, and the composition of the es-
sential oils of the seeds grown in various regions of the
world, is shown in Table 4.

The composition of the essential oils includes more
than 40 compounds, however up to 99.0% are represent-
ed by 16 compounds. The most common component of
the essential oils of all the samples is para-cymol. Its
content is 38.2-52.0%. A significant part (16.2-23.9%)
is represented by monoterpenes - hydrocarbons formed
by the combination of two isoprene fragments with the
general molecular formula C, H, A C10H16 (136 Da). Thy-
mol, which is a hydroxy derivative of para-cimol, has
been detected in 2.5-4.9%. The proportion of thymoqui-
none in essential oils ranged from 10.1 to 22.9%.

A typical 1H NMR spectrum of Nigella sativa L. oil is
shown in Figure 4. Unlike peaks in GC or HPLC chromato-
grams, where the signals correspond, as a rule, to indi-
vidual components, the signals in the NMR spectra are
associated with the presence of certain functional groups
in the compounds. The 1H NMR spectra of vegetable oils
contain, as a rule, 9 main signals corresponding to the
functional groups of fatty acids that make them up: -CH,
(0.82-0.94 ppm), -(CH,) - (1.20-1.43 ppm), -OCO-CH,-CH,
(1.55-1.69 ppm), -CH -CH=CH- (1.93-2.13 ppm), -OCO-
CH,- (2.25-2.36 ppm), =CH-CH,-CH= (2.73-2.87 ppm), -CH
= CH- (5.29-5.43 ppm), as well as methylene and methine
protons of the glycerol fragment -CH,OCOR (4.10-
4.35 ppm) and CHOCOR (5.23-5.29 ppm). If the experi-
ment is performed correctly, a strict linear relationship
between the signal areas and the content of the molecule
fragments responsible for these signals in the sample un-
der study is observed; it is based on the physical principle
of NMR spectroscopy. By reference to the relationships
between the signal areas, the content of various oil com-
ponents can be calculated. The composition of Nigella sa-
tiva L. seeds lipid complexes determined by the 1H NMR
method, is shown in Table. 5.

The results on the fatty acids composition obtained
by the 1H NMR method, are quite close to the results ob-
tained by the GC-FID method. There are also slight varia-
tions in the fatty acids compositions of oils from different
regions of the world. The registration of 1H NMR spectrum
of a thymoquinone standard sample, made it possible to
identify characteristic signals in the spectrum that do not
overlap with the main signals of fatty acids and glycerol
functional groups. There are three different signals locat-
ed at 6.57, 6.51 and 3.01 m. d., respectively, suitable to
identify thymoquinone in the oils (Fig. 4). For the purpose
of the quantitative assessment of the thymoquinone con-
tent, two signals located about 6.5 m. d., were selected.
NMR spectroscopy is a direct method of the quantitative
analysis that does not require any use of standard sam-
ples of the compounds being determined to assess their
content in the objects of different Genesis. The results of
1H NMR show that the content of thymoquinone in the
samples varies within the range of 0.7-2.6%.
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Figure 1 — Chromatogram of FA methyl esters from the lipid complex obtained from Nigella sativa L. seeds (A);
chromatogram of methyl esters obtained from Supelco® 37 component FAME mix (B)

BC

Intensity, abs. units

Time, min.

Figure 2 — A typical chromatogram for the total ion current of the Nigella sativa L. unsaponifiable fraction
(the output region of sterols and triterpene alcohols)
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Figure 3 — Typical chromatogram of the total ion current of Nigella sativa L. essential oil

Figure 4 — Typical quantitative 1H NMR spectrum of Nigella sativa L. oil
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Table 1 — Physico-chemical properties of the obtained Nigella sativa L. seeds lipid complexes

Oil characteristics

Countr .
No . .y Oil content, % Viscosity, - Density,

of origin Ps Refraction index mg/cm® Appearance
1 Yemen 35.8 39.3 1.4688 906.592 Yellow orange
2 Tatarstan 37.8 40.8 1.4654 908.924 viscous
3 India 34.8 41.1 1.4675 903.945 opalescent

— liquid with an
4 Tajikistan 37.2 39.2 1.4644 892.137 aromatic odor
5 Ethiopia 30.4 37.0 1.4638 897.590 and a bitter
6 Egypt 35.5 38.2 1.4677 908.304 s.picy
7  lIsrael 32.4 37.5 1.4687 907.865 acrid taste

Table 2 - Fatty acids composition of Nigella sativa L. seeds lipid complexes according to the results of GC-FID

Sanple, growth region, relative content of FA in the lipid complex, %

©
z
No Acid name £ S o ©
& g E © Z 8- k= o
£ 3 5 =, = = &
L © £ e i & a
1 Palmitic C16:0 12.1 10.0 12.2 12.8 2.3 12.4 12.3
2 Stearin C18:0 2.6 2.4 2.7 3.2 3.1 2.8 2.9
3 Oleic C18:1 33 23,3 24.4 24.6 4.7 21.8 22.2
4 Linoleic C18:2 8.3 60.6 57.1 55.8 6.3 59.4 59.0
5) Cis-11,14-eicosadiene C20:2 2.6 2.5 2.3 2.3 2.3 2.4 2.5
6 Other fatty acids 1.1 1.2 1.3 1.3 1.3 1.2 1.1
7 Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

* The table shows average values of three parallel detections

Table 3 - Sterols and triterpene alcohols found in Nigella sativa L.

seeds lipid complexes according to the results of GC-MS

No on

Sample, growth region, content, mcg / 100 mg

chromatogram Compound § S ©
(Fig. 2) 5 28 o 2 ) 8 El
1S 2% 5 = = > ©
L x = < i fivd vy ©
BC Cholestanol 200.0 200.0 200.0 200.0 200.0 200.0 200.0
1 Cholesterol 2.6 1.4 2.7 3.7 9.0 4.3 2.5
2 Campesterol 34.7 30.9 25.4 26.6 31.3 25.7 21.0
3 Stigmasterol 57.6 49.4 37.1 37.0 45.2 39.1 38.3
4 Cleosterol 3.6 5.8 4.1 2.4 1.3 33 2.6
5 E::Z?:gr)tlnr(traces) 165.6 1437 1084 1173 1199 1292  116.9
6 A5-Avenasterol + sitostanol (traces) 44.1 41.9 28.6 37.5 35.1 39.5 20.3
7 B-amyrin 13.6 12.6 9.3 0.0 5.6 6.9 7.4
8 Otusifoliol 7.6 8.0 6.6 4.4 5.3 3.9 58
9 Gramisterin 13.3 16.4 11.2 4.5 5.1 6.6 7.6
10 Cycloartenol + A7-Avenasterin 210.7 190.8 120.9 164.6 188.8 89.9 95.1
11 24-methylenecycloartanol 126.1 106.3 69.5 54.6 49.9 89.1 73.0
12 Erythrodiol 10.6 8.8 6.4 2.5 2.0 3.7 3.9
13 Cytrostadienol 14.8 121 7.2 5.3 4.0 3.4 3.9
14 Uvaol 14.8 11.0 3.8 17.7 21.2 2.9 1.9
Total 719.7 639.1 441.2 478.1 523.9 447.5 400.3

* The table shows the average values of three parallel detections
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Table 4 — Compounds found in Nigella sativa L. essential oils seeds, according to the results of GC-MS

Sample, growth region, relative content of component in essential oil, %

No. on

chromatogram Compound g S @

e 3 SN S A
g Ze E g & B 5

1 alpha-Thujene 8.8 7.9 12.9 121 7.6 9.3 8.6
2 alpha Pinene 0.6 1.9 33 3.2 1.7 1.8 1.8
3 Sabinene 1.3 0.8 0.9 1.7 0.7 0.9 1.2
4 beta-Pinene 3.2 2.2 3.3 3.4 29 2.5 3.7
5 beta-Myrcene 0.3 0.4 0.2 0.6 0.1 0.2 0.5
6 para-Cymene 44.6 38.2 47.9 46.6 49.2 52.0 49.9
7 Limonene 2.0 34 1.8 2.9 23 1.9 1.6
8 Cis-methoxythujene 0.8 1.0 1.0 1.2 1.3 0.9 13
9 Trans-methoxythujene 4.4 5.3 13 6.4 5.3 5.3 4.7
10 Unidentified compound 0.3 0.2 0.3 0.3 0.1 0.1 0.2
11 Terpenine -4-ol 1.2 0.8 0.8 1.5 1.5 0.9 1.4
12 Camphor 0.9 0.6 11 0.8 0.8 0.7 1.1
13 Thymoquinone 19.8 229 14.5 10.1 17.9 13.5 12.7
14 Thymolum 4.3 4.9 2.9 3.8 2.5 2.7 3.4
15 alpha-Longipinene 0.7 1.7 2.7 0.7 0.9 0.8 0.5
16 alpha-Longifolene 6.0 6.8 43 3.6 45 5.6 6.3
Other compounds 0.8 11 0.8 0.9 0.7 0.9 1.1

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

* The table shows the average values of three parallel detections

Table 5 — Composition of Nigella sativa L. seeds oil lipid complexes from different regions
of the world according to the results of quantitative 1H NMR spectroscopy

Sample, growth region, content, %

Compound E E ©

S o B = 2 - —

E 48 5 = 2 s 3

9 g £ © 5 & 5
Palmitic +Stearic acids 15.2 16.3 16.0 15.9 14.3 15.6 14.7
Oleic 28.4 26.2 28.0 27.3 30.2 26.3 27.1
Linoleic 56.4 57.5 56.0 56.9 55.5 58.1 58.2
Linolenic 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum of acids 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Triacyglycerides 87.3 86.4 95.3 94.5 85.1 84.1 81.7
1,2-Diacylglycerides 4.7 5.7 1.7 1.9 5.5 5.6 7.2
1,3-Diacylglycerides 6.4 6.0 2.2 2.9 5.3 6.6 8.0
1-Monoacylglycerides 1.4 1.9 0.7 0.7 2.0 2.1 2.5
2-Monoacylglycerides 0.2 0.0 0.1 0.0 2.1 1.6 0.6
Sum of glycerides 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Thymoquinone 15 0.7 1.0 2.6 2.2 2.4 2.5

* The table shows the average values of three parallel detections
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The chemical composition data show that linole-
ic acid is the dominant fatty acid in the lipid complex,
which may indicate the potential prospects of this plant
material for creating drugs that affect lipid metabolism.

The results of the comparative analysis of Nigella
sativa L. lipid complex have been obtained for the first
time, the data of similar studies in the available litera-
ture have not been identified.

CONCLUSION

Thus, the profiles and the contents of fatty acids,
sterols, triterpene alcohols, essential oils and thymoqui-
none found in Nigella sativa L. seeds lipid complexes,
have been established and estimated. The component
composition of the lipid complexes obtained from raw
materials grown in different regions of the world, is
very similar, their saponified portion is represented by

triglycerides (81.7-95.3%), di- (3.9-15.2%) and mono-
glycerides (0.7-4.1%).

They mainly contain linoleic (55.8-60.6%), oleic
(21.8-24.6%), palmitic (10.0-12.8%), stearic (2.4-3.2%)
and cis-11.14-eicosadiene (2.3-2.6%) acids. The content
of sterols and triterpene alcohols in the lipid complex was
0.4-0.7%; up to 70% of the fraction was represented by
B-sitosterol (22.5-29.2%), cycloartenol (20.1-36.6%) and
24-methylenecycloartanol (9.5-19.9%). The content of thy-
moquinone in lipid complexes ranged from 0.7 to 2.6%.

The chemical composition of Nigella sativa L. seeds
makes it possible to recommend this plant material as a
source of essential fatty acids, thymoquinone and essen-
tial oils with a multivalent pharmacological target. This
determines the need for further in-depth research of Ni-
gella sativa L. from the standpoint of pharmacology and
pharmaceutical development.
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