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INFORMATION ABSTRACT

Hagiiwna po pepakuii / Received: The aim of the work. In this study, the total phenolic content (TPC) and

07.08.2024 composition of volatile compounds in the seeds of the newly developed cultivar
Micna poonpavtoBaHHA / Revised: 'Rizdvyana zirochka' of Nigella damascena L. (love-in-a-mist) were analyzed. The
26.08.2024 morphometric characteristics of these seeds were also evaluated.
MpuitHaTo fo Aapyky / Accepted: Materials and Methods. The gas chromatography-mass spectrometric method
27.08.2024 (GC/MS) was applied to analyze volatile compounds' qualitative composition
and quantitative content. The Agilent Technologies 6890 chromatograph with
Key words: a mass spectrometric detector was applied. The quantitative content of volatile
love-in-a-mist; components was determined using tridecane as the internal standard. The TPC
new cultivar; was estimated using the Folin-Ciocaltey reagent following the Singleton and Rossi
seeds; method. The morphometric analysis of seeds was conducted using AxioCam

volatile compounds;
total phenolic content;
micromorphometry.

MRc5 light microscope and AxioVision Rel. 4.8.2 software.

Results and Discussion. Among the volatile compounds detected in the newly
developed cultivar 'Rizdvyana zirochka' of Nigella damascena, three terpenoids
were found to be dominant: beta-elemene (34.01 %), germacrene A (28.16 %),
and damascenine (21.97 %). The TPC of the 80 % methanol extract from the
studied cultivar seeds was measured to be (29.37+0.59) mg GAE/g. Additionally,
the conducted morphometric analysis revealed the key morphological parameters
of these seeds.

Conclusions. In this study, the TPC and volatile compounds composition in the
seeds of the newly developed 'Rizdvyana zirochka' cultivar of Nigella damascena
were analyzed, and the morphometric characteristics of this raw material were
evaluated.

Introduction. The therapeutic properties of are an important group of phytoconstituents found in

medicinal plants are closely linked to their phytochemical
composition. Aromatic medicinal plants contain volatile
bioactive compounds that exhibit various
pharmacological effects [1]. Additionally, polyphenols

ISSN 2312-0967. Pharmaceutical review. 2024. Ne 3

essential oil-bearing plants [2, 3].

Nigella L. is a genus of plants in the Ranunculaceae
family, comprising approximately 25 species of annual
herbaceous plants. The mature seeds of certain Nigella
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species are used in cooking and folk medicine in some
regions [4-6]. Nigella sativa L. (black cumin) has been
extensively studied for its chemical composition and me-
dicinal properties in recent decades [7, 8]. Clinical trials
have been conducted to assess the effectiveness of us-
ing Nigella sativa seeds [9-12]. However, clinical stud-
ies for Nigella damascena L. (love-in-a-mist) have not
been carried out yet. Nigella damascena is primarily
known as an ornamental plant and is less commonly cul-
tivated for its medicinal properties [6].

The seeds of Nigella damascena contain valuable bio-
active compounds such as essential oils, triterpenoids,
polyphenols, and unsaturated fatty acids [3, 6, 13]. These
compounds' qualitative composition and quantitative con-
tent can vary significantly in different taxa, cultivars, and
chemotypes of this species [6, 14].

There is no doubt that morphological examination of
the seeds can help identify the diagnostic differences
between numerous cultivars and varieties that have
appeared in recent years [15].

This study aimed to analyze the total phenolic content
(TPC) and composition of volatile compounds in the
seeds of the newly developed cultivar ‘Rizdvyana zi-
rochka’ of Nigella damascena. It also aimed to evaluate
the morphometric characteristics of its seeds.

Materials and Methods. The mature seeds of the
newly developed cultivar ‘Rizdvyana zirochka’ [16] of Ni-
gella damascena were gathered in 2023 from the plants
(Fig. 1) cultivated in the Ternopil region of Ukraine
(49°38'03" N; 25°28'32" E). After the plant material was
dried at 25-30 °C, it was either used whole (for morpho-
metric analysis) or crushed (for phytochemical research).

The gas chromatography-mass spectrometric
(GC/MS) method was applied to analyze the qualitative
composition and quantitative content of volatile com-

pounds according to [17]. The Agilent Technologies
6890 chromatograph with a mass spectrometric detec-
tor and an HP-5ms capillary column (internal diameter
- 0.25 mm, length — 30 m) was applied for the analysis.
The carrier gas (helium) was set at a velocity of 1.0 mL/
min. The temperature of the sample introduction heater
was maintained at 250 °C, and the thermostat tempera-
ture was programmed to increase from 50 to 320 °C at
a rate of 4 °C/min during the analysis. The components
were identified based on the general patterns of frag-
mentation of organic compounds and by comparing the
results with the NIST 08 mass spectrum libraries in com-
bination with AMDIS and NIST 08 identification pro-
grams. The quantitative content of volatile components
was determined using tridecane as the internal standard.

The TPC was estimated using the Folin-Ciocaltey re-
agent following the Singleton and Rossi method [18].
The extraction was carried out using 80 % methanol with
a ratio of 1:20 of raw materials to extractant. Maceration
(24 hours at room temperature) and ultrasonic bath (30
min at 45 °C) were used for the extraction of polyphe-
nols. The resulting extract was centrifuged at 5000 rpm,
and the supernatant was used for spectrophotometric
analysis of the TPC with a Genesys 20 spectrophotom-
eter. The mixture with reagents was left to stand in a
dark place for 60 min before measuring its absorbance.
The TPC was measured at 760 nm. The TPC was then
calculated using gallic acid equivalent (GAE).

The morphometric analysis of seeds was conducted
on a total of 20 randomly selected seeds using AxioCam
MRc5 light microscope and AxioVision Rel. 4.8.2 Soft-
ware (Carl Zeiss, Switzerland). The following measure-
ments were taken: seeds’ length (um) and diameter
(Mm). The appearance of the seeds from the surface and
on the section was also evaluated.

C

Fig. 1. The view of the newly developed cultivar ‘Rizdvyana zirochka’ of Nigella damascena on the plots in Ternopil
region (Ukraine): A — flower; B — inflated capsules; C — ripe seeds.
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Results and Discussion. Dozens of volatile compo-
nents were found in the seeds of the newly developed
cultivar ‘Rizdvyana zirochka' of Nigella damascena;
however, the content of only eight of them exceeded
1 % (Table 1, Fig. 2).

Among the detected volatile compounds, the follow-
ing three terpenoids dominate (Fig. 3): beta-elemene
(34.01 %), germacrene A (28.16 %), and damascenine
(21.97 %). In the scientific sources, there is information
that the predominant components identified by us have
pronounced pharmacological effects. For example, sese
quiterpene beta-elemene has been found to exert an
anti-tumor effect by suppressing glycolysis in cancer

Table 1
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cells [19, 20] and shows anti-mycobacterial properties
[21]. Germacrene A is a precursor of beta-elemene [22].
Damascenine could be regarded as an important che-
mo-taxonomical marker among the volatile compounds
of the Nigella damascena seeds. Therefore, the seeds
of this cultivar can be considered a prospective source
for developing new medicines and dietary supplements
based on their essential oil.

It could be mentioned that Nigella damascena seeds
grown in Morocco contain a dominant amount of sesqui-
terpene beta-elemene (54.7 %) [23]. The essential oil
extracted from the Nigella damascena seeds collected
in Italy was characterized by nearly 100 % sesquiter-

The major volatile compounds detected in the seeds of cultivar ‘Rizdvyana zirochka’ of Nigella damascena

Compound Name Retention time Content, %
Linalool 12.09 3.68
Damascenine 13.97 21.97
Caryophyllene 14.51 1.34
Naphthalene 15.87 4.43
Germacrene A 16.07 28.16
alpha-Panasinsen 16.28 1.29
beta-Elemene 17.09 34.01
Dihydrofarnesol 20.73 3.89
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Fig. 2. GC/MS chromatogram of volatile compounds in the seeds of cultivar ‘Rizdvyana zirochka’ of Nigella damascena.
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Fig. 3. Structural formulas of the predominant volatile compounds in the studied Nigella damascena raw material.

penoids, with beta-elemene being the most dominant
(73.2 %). In Poland, the essential oil from Nigella dama-
scena seeds contained beta-elemene (47.37 %), al-
pha-selinene (13.52 %), and beta-selinene (10.10 %) as
the predominant compounds [21]. This essential oil and
isolated beta-elemene have shown antimicrobial effects
against Mycobacterium tuberculosis [21]. Researchers
have proposed that Nigella damascena essential oll,
along with damascenine and beta-elemene isolated
from it, exhibit multifactorial mechanisms of immuno-
modulatory activity [24].

The TPC of the 80 % methanol extract from the stud-
ied Nigella damascena seeds was found to be
(29.37+0.59) mg GAE/g. As it was concluded by Khattak
et al. [25], the choice of solvents and extraction method
played a crucial role in obtaining the highest TPC from
Nigella sativa seeds. It was determined that methanol is
the optimal extractant for polyphenolic compounds from

pos.72 pen

A

the Nigella seeds [25] that was confirmed by our re-
search.

The conducted morphometric analysis of the cultivar
‘Rizdvyana zirochka' of Nigella damascena seeds
shows that they are black and have a triangular-round-
ed shape with a domed apex (Fig. 4). The length is
(92854.8+73) um and the width is (1905.2+49) um. The
surface has a mesh (striated) structure with three prom-
inent longitudinal stripes on each edge and several
transverse stripes. The seeds have hard teguments
that are difficult to cut.

The data obtained by us on the size of the 'Rizdvyana
zirochka' seeds show that these seeds are somewhat
larger than those of the typical species Nigella dama-
scena [26]. It should be noted that the micromorpholo-
gical characteristics of 12 Nigella taxa (species and va-
rieties) collected in Turkey [14] did not include any mor-
phometric analysis. Therefore, we were not able to

3

B

Fig. 4. Examples of micrographs of the 'Rizdvyana zirochka' cultivar (Nigella damascena) seeds taken from the surface
(A) and in long-section (B) using a light microscope.

conduct a comparative analysis with the data that we
obtained.

Conclusions. The content of bioactive compounds
varies among different varieties and chemotypes within
the same species and it has significant influence on me-

dicinal properies of plants. In this study, the TPC and vol-
atile compounds composition in the seeds of the newly
developed 'Rizdvyana zirochka' cultivar of Nigella dama-
scena were analyzed, and the morphometric characteris-
tics of these seeds were evaluated. Among the volatile
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compounds detected, three terpenoids were found to be
dominant: beta-elemene (34.01 %), germacrene A
(28.16 %), and damascenine (21.97 %). These volatiles
possess prominent therapeutic potential. The TPC of the
80 % methanol extract from the studied seeds was mea-
sured to be (29.37+£0.59) mg GAE/g. Additionally, the
conducted morphometric analysis revealed the key mor-
phological parameters of the studied raw material.
Acknowledgments and Funding Source. This arti-
cle was prepared with the active participation of re-
searchers of the international network AGROBIONET as
a part of the project MVTS-SR/UA-6/14 "The Use of
Lesser-known and Little-used Plant Species to Improve

diToximMiuHi K0CTi/HKEHHA
Phytochemical researches

Nutrition, Health, and Quality of Life". The experimental
study was conducted in the laboratories of the Institute
of Plant and Environmental Sciences at the Faculty of
Agrobiology and Food Resources, Slovak Agricultural
University in Nitra. The authors would like to acknowl-
edge the financial support received from "The National
Scholarship Programme of the Slovak Republic" (SAIA).
Mariia Shanaida expresses her gratitude to the SAIA
Agency for the financial support of the research stay,
during which the experiments were carried out.

Conflicts of interest: authors have no conflict of in-
terest to declare.

KoHnikT iHTepeciB: BiaCyTHI.

®ITOXIMIYHUIA TA MIKPOMOP®O/MOINYHUIA AHANMI3 HACIHHSA HOBOIO COPTY NIGELLA
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MeTta po6oTu. MpoaHanisyBaTy 3ara/ibHUin BMICT (DEHO/IbHUX CNOAYK i KOMMOHEHTHWI CKNad NEeTKUX CMOMyK Yy HacCiHHI
HOBOro copTy «Pi3aBsiHa 3ipouka» Nigella damascena L. (YOpHyLWKa gamMacbka), OUIHUT MOPCOMETPUYHI MOKA3HUKM
HaCIHHS LbOro CopTy.

Martepianu i MmeTogu. 1118 aHanidy siKiCHOro cknagy Ta KOMMNOHEHTHOro BMICTY /IETKMX CNOJYK 3aCTOCOBAHO METO/, ra3oBoi
Xpomaro-mac-cnektpomeTpii (MX/MC). BukopuctaHo xpomatorpad Agilent Technologies 6890 3 mac-CnekTpOMETPUYHNM
[EeTeKTOPOM. KinbKiCHMI BMICT N€TKMX KOMMOHEHTIB BU3HAYa/IM 3 BUKOPUCTAHHAM TpUAEKaHy SIK BHYTPILLHbOrO CTaHAapTy.
3aranibHUi BMIiCT (DEHO/TbHMX CMOMYK BU3HA4Yas M 3a AONOMOrot peaktuy doniHa — Yekonbty (MeTog CiHrnToHa i Pocci).
MopdhoMEeTPUYHMI aHaNi3 HaciHHA NPOBOAWAM Mif, CBITNO0BMM Mikpockonom AxioCam MRCc5 i3 3acTocyBaHHSM nporpamu
AxioVision Rel. 4.8.2.

Pe3ynbratn i 06roBopeHHs. Cepef BUSIBNEHUX NETKUX CMOMAYK AOMiHyBa/nm TepneHoign: 6ema-enemeH (34,01 %),
repmakpeH A (28,16 %) i gamacueHiH (21,97 %). 3arasibHUiA BMICT DEHO/bHUX cnonyk y 80 % mMeTaHO/bHOMY BUTASI
[OCNigKyBaHOro HaciHHs ctaHoBuna (29,37+0,59) mr/r (y nepepaxyHKy Ha rasioBOi KUC/MOTWU ekBiBasieHT). Kpim Toro,
npoBeAeHnn MOphOMETPUYHIMI aHaUTi3 AaB 3MOry BUSIBUTU OCHOBHI MOPPONOriUHi MapamMmeTpy LbOro HaciHHS.
BUCHOBKMU. Y LibOMY A0C/IiIKEHHI MpoaHaizoBaHO 3arasibHNUIA BMICT DEHONbHMX CNOYK Ta SAKICHWUI CKNag, i KOMMNOHEHTHUIA
BMICT /TI€TKMX CMOJTYK Y HACiHHI HeLLloAaBHO BUBeAEHOro copTy «Pi3assiHa 3ipouka» Nigella damascena, a TakoX OUiHEHO
AiarHOCTMYHI MOPCOIOriYHI XapaKTePUCTUKN LbOro POC/IMHHOIO MaTepiasty.

KntouoBi cnoBa: 4opHyLUKa AaMacbKa; HOBWI COPT; HACiHHA; NETKi CMOYKW; 3araslbHUA BMICT (DEHO/TbHUX CMOAYK;
MikpomopdhomeTpis.

List of bibliographic references

1. Selected aspects related to medicinal and aroma-
tic plants as alternative sources of bioactive com-
pounds / R. C. Fierascu, |. Fierascu, A. M. Baroi, A. Or-
tan. Int J Mol Sci. 2021. Vol. 22 (4). 1521.

2. Phenolics from Medicinal and Aromatic Plants: Char-
acterisation and Potential as Biostimulants and Biopro-
tectants / M. Kisiriko, M. Anastasiadi, L. A. Terry et al.
Molecules. 2021. Vol. 26 (21). 6343.

3. Comparative Studies on Polyphenolic Composition,

Antioxidant and Diuretic Effects of Nigella sativa L.
(Black Cumin) and Nigella damascena L. (Lady-in-a-
Mist) Seeds / C. C. Toma, N. K. Olah, L. Vlase et al.
Molecules. 2015. Vol. 20 (6). P. 9560-9574.

4. The ethnobotany, phytochemistry, and biological prop-
erties of Nigella damascena - Areview / N. Badalamen-
ti, A. Modica, G. Bazan et al. Phytochemistry. 2022.
Vol. 198. P. 113165.

5. Black cumin (Nigella sativa) seeds: Chemistry, Tech-

ISSN 2312-0967. Pharmaceutical review. 2024. Ne 3

17



®diToximMiyHi KoCTiKeHHA

Phytochemical researches

10.

11.

12.

13.

14.

15.

16.

nology, Functionality, and Applications / Ed. By Mo-
hamed Fawzy Ramadan. Springer Nature Switzerland
AG 2021.

Nigella Plants - Traditional Uses, Bioactive Phytocon-
stituents, Preclinical and Clinical Studies / B. Salehi,
C. Quispe, M. Imran et al. Frontiers in Pharmacol.
2021. Vol. 12. 625386.

Nigella sativa L. Phytochemistry and pharmacological
activities: A Review / M. Dalli, O. Bekkouch, S. E. Azizi
et al. Biomolecules. 2021. Vol. 12 (1). P. 20.
Dabrowski G., Czaplicki S., Konopka I. Variation in
the Composition and Quality of Nigella sativa L. Seed
Oils — The Underestimated Impact on Possible Health-
Promoting Properties. Molecules. 2024. Vol. 29 (6).
P. 1360.

NCT03175757. A Study to Evaluate the Effects of a
Turmeric and Black Cumin Seed Formulation on Cho-
lesterol Levels (Location: Fort Lauderdale, Florida,
USA). https://clinicaltrials.gov/study/NCT03175757?co
nd=nigella&term=seeds&page=2&rank=12.
NCT00327054. Effectiveness of Nigella sativa (Kalonji)
Seed in Dyslipidemia ((Location: Karachi, Sindh, Paki-
stan) https://clinicaltrials.gov/search?cond=metabolic&
term=nigella.

NCT04401202. Nigella sativa in COVID-19 (Location:
Jeddah, Saudi Arabia). https://clinicaltrials.gov/study/
NCT04401202?cond=nigella&term=seeds&rank=8.
NCT05693597. Evaluation of the Effect of Nigella sa-
tiva for the Prophylaxis to Radiation Induced Dermati-
tis in Breast Cancer Patients. (Location: Cairo, Egypt).
https://clinicaltrials.gov/search?cond=Inflammation&te
rm=nigella.

Phytochemical Characterization, Antioxidant, and
Anti-Proliferative Activities of Wild and Cultivated Ni-
gella damascena Species Collected in Sicily (Italy) /
M. Scognamiglio, V. Maresca, A. Basile et al. Antioxi-
dants. 2024. Vol. 13 (4). P. 402.

Seed macro and micro morphology of the selected Ni-
gella (Ranunculaceae) taxa from Turkey and their sys-
tematic significance / M. Dadandi, G. Kékdil, A. ilgim, B.
Ozbilgin. Biologia 2009. Vol. 64/2. P. 261-270.
Morphological, microscopic and chemical comparison
between Nigella sativa L. cv (black cumin) and Nige-
lla damascena L. cv / D. Nargout-Jzntac, M. T. Kelly,
Y. Pelissier et al. Journal of Food, Agriculture and Envi-
ronment. 2013. Vol. 11 (1). P. 132-138.

O. A. Kopa6nboBa, M. |. WaHainga. CsigouTtso

References

1.

Fierascu RC, Fierascu |, Baroi AM, Ortan A. Selected
Aspects Related to Medicinal and Aromatic Plants as
Alternative Sources of Bioactive Compounds. Int J Mol
Sci. 2021; 22(4):1521. DOI: 10.3390/ijms22041521.
Kisiriko M, Anastasiadi M, Terry LA, Yasri A, Beale
MH, Ward JL. Phenolics from Medicinal and Aromatic
Plants: Characterisation and Potential as Biostimulants
and Bioprotectants. Molecules. 2021; 26(21):6343.
DOI: 10.3390/molecules26216343.

Toma CC, Olah NK, Vlase L, Mogosan C, Mocan A.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ne230642 npo aBTOPCTBO HA COPT POCNNHK «Pi3aBsiHa
3ipouka» Buay Nigella damascena L. | Kuis. 2023.
Jalali-Heravi M., Parastar H., Sereshti H. Towards ob-
taining more information from gas chromatography-
mass spectrometric data of essential oils: an overview
of mean field independent component analysis. J Chro-
matogr A. 2010. Vol. 1217 (29). P. 4850—4861.
Application of the Folin-Ciocalteu method to the evalu-
ation of Salvia sclarea extracts / N. Hudz, O. Yezer-
ska, M. Shanaida et al. Pharmacia. 2019. Vol. 66 (4).
P. 209-215.

The Antitumor Efficacy of B-Elemene by Changing Tu-
mor Inflammatory Environment and Tumor Microenvi-
ronment / Q. Xie, F. Li, L Fang et al. BioMed Research
International. 2020. Vol. 6892961.

Targeted metabolomics reveals PFKFB3 as a key tar-
get for elemene-mediated inhibition of glycolysis in
prostate cancer cells / X. M. Dong, L. Chen, P. Wu et al.
Phytomedicine. 2024. Vol. 123. 155185.

Nigella damascena L. Essential Oil — a Valuable Source
of B-Elemene for Antimicrobial Testing / E. Sieniawska,
R. Sawicki, J. Golus et al. Molecules. 2018. Vol. 23 (2).
P. 256.

Development of a Pichia pastoris cell factory for ef-
ficient production of germacrene A: a precursor of
B-elemene / J. Cheng, Y. Zuo, G. Liu et al. Bioresour
Bioprocess. 2023. Vol. 10 (1). P. 38.

Volatile Components of Nigella damascena L. and
Nigella sativa L. Seeds / Halima Rchid, https://www.
researchgate.net/profile/Rachid-NmilaRachid ~ Nmila,
Jean-Marie Bessiére Bessiére et al. Journal of Essen-
tial Oil Research. 2004. Vol. 16 (6). P. 585-587.
Nigella damascena L. essential oil and its main con-
stituents, damascenine and S-elemene modulate in-
flammatory response of human neutrophils ex vivo /
E. Sieniawska, P. Michel, T. Mroczek et al. Food Chem
Toxicol. 2019. Vol. 125. P. 161-169.

Effect of gamma irradiation on the extraction yield,
total phenolic content and free radical-scavenging ac-
tivity of Nigella sativa seed. K.F. Khattak, T.J. Simp-
son, Ihasnullah. Food Chemistry. 2008. Vol. 110 (4).
P. 967-972.

Biological Properties, Phenolic Profile, and Botanical
Aspect of Nigella sativa L. and Nigella damascena L.
Seeds: A Comparative Study / L. Benazzouz-Smail,
S. Achat, F. Brahmi et al. Molecules. 2023. Vol. 28 (2).
P. 571.

Comparative Studies on Polyphenolic Composition,
Antioxidant and Diuretic Effects of Nigella sativa L.
(Black Cumin) and Nigella damascena L. (Lady-in-a-
Mist) Seeds. Molecules. 2015; 20(6): 9560-9574.

DOI: 10.3390/molecules20069560.

Badalamenti N, Modica A, Bazan G, Marino P, Bru-
no M. The ethnobotany, phytochemistry, and biologi-
cal properties of Nigella damascena - A review. Phyto-
chemistry. 2022; 198:113165.

DOI: 10.1016/j.phytochem.2022.113165.

ISSN 2312-0967. ®apManeBTUUHMI yacomuc. 2024. Ne 3

18



10.

11.

12.

13.

14.

15.

16.

Black cumin (Nigella sativa) seeds: Chemistry, Tech-
nology, Functionality, and Applications / Ed. By Mo-
hamed Fawzy Ramadan. Springer Nature Switzerland
AG 2021. DOI: 10.1007/978-3-030-48798-0.

Salehi B, Quispe C, Imran M, et al. Nigella Plants - Tradi-
tional Uses, Bioactive Phytoconstituents, Preclinical and
Clinical Studies. Front Pharmacol. 2021;12: 625386.

Dalli M, Bekkouch O, Azizi SE, Azghar A, Gseyra N,
Kim J. Nigella sativa L. Phytochemistry and pharmaco-
logical activities: A Review. Biomolecules. 2021;12(1):
20. DOI: 10.3390/biom12010020.

Dabrowski G, Czaplicki S, Konopka I. Variation in the
Composition and Quality of Nigella sativa L. Seed Oils
— The Underestimated Impact on Possible Health-Pro-
moting Properties. Molecules. 2024; 29(6), 1360.

DOI: 10.3390/molecules29061360.

NCT03175757. A Study to Evaluate the Effects of a
Turmeric and Black Cumin Seed Formulation on Cho-
lesterol Levels (Location: Fort Lauderdale, Florida,
USA).https://clinicaltrials.gov/study/NCT03175757?co
nd=nigella&term=seeds&page=2&rank=12.
NCT00327054. Effectiveness of Nigella sativa (Kalonji)
Seed in Dyslipidemia ((Location: Karachi, Sindh, Paki-
stan) https://clinicaltrials.gov/search?cond=metabolic&
term=nigella.

NCT04401202. Nigella sativa in COVID-19 (Location:
Jeddah, Saudi Arabia). https://clinicaltrials.gov/study/
NCT04401202?cond=nigella&term=seeds&rank=8.
NCT05693597. Evaluation of the Effect of Nigella sa-
tiva for the Prophylaxis to Radiation Induced Dermati-
tis in Breast Cancer Patients. (Location: Cairo, Egypt).
https://clinicaltrials.gov/search?cond=Inflammation&te
rm=nigella.

Scognamiglio M, Maresca V, Basile A, et al. Phyto-
chemical Characterization, Antioxidant, and Anti-Prolif-
erative Activities of Wild and Cultivated Nigella dama-
scena Species Collected in Sicily (Italy). Antioxidants.
2024;13(4):402. DOI: 10.3390/antiox13040402.
Dadandi M, Kékdil G, ilgim A, Ozbilgin B. Seed macro
and micro morphology of the selected Nigella (Ranun-
culaceae) taxa from Turkey and their systematic signifi-
cance. Biologia 2009; 64/2: 261-270.

DOI: 10.2478/s11756-009-0030-X.

Nargout-Jzntac D, Kelly MT, Pelissier Y et al. Morpho-
logical, microscopic and chemical comparison between
Nigella sativa L. cv (black cumin) and Nigella dama-
scena L. cv. Journal of Food, Agriculture and Environ-
ment. 2013;11(1):132-138.

Korablova OA, Shanaida MI. Svidotstvo No 230642 pro
avtorstvo na sort roslyny «Rizdvyana zirochka» vydu

Information about the authors
Shanaida M. I. — DSc (Pharmacy), Associate Professor of the Department of Pharmacognosy and Medical Botany, |. Hor-
bachevsky Ternopil National Medical University, Ukraine. E-mail: shanayda@tdmu.edu.ua, ORCID: 0000-0003-1070-6739.
Brindza J. — PhD (Agricultural Sciences), Associate Professor, Senior Research Fellow of the Faculty of Agrobiology and
Food Resources, Institute of Plant and Environmental Sciences, Slovak University of Agriculture in Nitra, Slovak Republic.

E-mail: jan.brindza@uniag.sk, ORCID: 0000-0001-8388-8233.

diToximMiuHi K0CTi/HKEHHA

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Phytochemical researches

Nigella damascena L. Kyiv. 2023.

Jalali-Heravi M, Parastar H, Sereshti H. Towards ob-
taining more information from gas chromatography-
mass spectrometric data of essential oils: an overview
of mean field independent component analysis. J Chro-
matogr A. 2010; 1217(29): 4850-4861.

DOI: 10.1016/j.chroma.2010.05.026.

Hudz N, Yezerska O, Shanaida M, Sedlackova VH,
Wieczorek PP. Application of the Folin-Ciocalteu meth-
od to the evaluation of Salvia sclarea extracts. Pharma-
cia. 2019; 66(4): 209-215.

DOI: 10.3897/pharmacia.66.e38976.

Xie Q, Li F, Fang L, Liu W, Gu C. The Antitumor Ef-
ficacy of B-Elemene by Changing Tumor Inflammatory
Environment and Tumor Microenvironment. BioMed
Research International. 2020; 6892961.

DOI: 10.1155/2020/6892961.

Dong XM, Chen L, Wu P, et al. Targeted metabolomics
reveals PFKFB3 as a key target for elemene-mediated
inhibition of glycolysis in prostate cancer cells. Phyto-
medicine. 2024;123:155185.

Sieniawska E, Sawicki R, Golus J, et al. Nigella dama-
scena L. Essential Oil-A Valuable Source of B-Elemene
for Antimicrobial Testing. Molecules. 2018;23(2):256.
Cheng J, Zuo Y, Liu G, et al. Development of a Pich-
ia pastoris cell factory for efficient production of ger-
macrene A: a precursor of B-elemene. Bioresour Bio-
process. 2023; 10(1):38.

Halima Rchid, https://www.researchgate.net/profile/
Rachid-NmilaRachid Nmila, Jean-Marie Bessiére Bes-
siere et al. Volatile Components of Nigella damascena
L. and Nigella sativa L. Seeds. Journal of Essential Oil
Research. 2004;16(6):585-587.

DOI: 10.1080/10412905.2004.9698804.

Sieniawska E, Michel P, Mroczek T, Granica S,
Skalicka-Wozniak K. Nigella damascena L. essen-
tial oil and its main constituents, damascenine and
B-elemene modulate inflammatory response of human
neutrophils ex vivo. Food Chem Toxicol. 2019;125:161-
169. DOI: 10.1016/j.fct.2018.12.057.

Khattak KF, Simpson TJ, lhasnullah. Effect of gamma
irradiation on the extraction yield, total phenolic content
and free radical-scavenging activity of Nigella sativa
seed. Food Chemistry. 2008;110(4):967-972.

DOI: 10.1016/j.foodchem.2008.03.003.
Benazzouz-Smail L, Achat S, Brahmi F, et al. Biologi-
cal Properties, Phenolic Profile, and Botanical Aspect
of Nigella sativa L. and Nigella damascena L. Seeds: A
Comparative Study. Molecules. 2023;28(2):571.

DOI: 10.3390/molecules28020571.

Horcinova Sedlac¢kova V. — PhD (Agricultural Sciences), Research Fellow of the Faculty of Agrobiology and Food Re-
sources, Institute of Plant and Environmental Sciences, Slovak University of Agriculture in Nitra, Slovak Republic.

ISSN 2312-0967. Pharmaceutical review. 2024. Ne 3

19



®diToximMiyHi KoCTiKeHHA
Phytochemical researches

E-mail: vladimira.sedlackova@uniag.sk, ORCID: 0000-0002-5844-8938.

Korablova O. A. — PhD (agricultural sciences), Senior Research Fellow of the Department of Cultural Flora, M. Gryshko
National Botanical Garden of the National Academy of Sciences of Ukraine, Kyiv, Ukraine. E-mail: okorablova@ukr.net,
ORCID: 0000-0001-6656-4640.

Serafyn O. A. — 5th year student of the Pharmaceutical Faculty, I. Horbachevsky Ternopil National Medical University,
Ukraine. E-mail: serafyn_oksand@tdmu.edu.ua, ORCID: 0009-0006-0833-8489.

Ostrovsky R. — PhD (Agricultural Sciences), Research Fellow of the Institute of Forest Ecology, Slovak Academy of Sci-
ences, Zvolen, Slovak Republic. E-mail: radovan.ostrovsky@ife.sk, ORCID: 0000-0003-2942-0933.

Rakhmetov D. B. — DSc (agricultural sciences), Professor, Head of the Department of Cultural Flora, M. Gryshko National
Botanical Garden of the National Academy of Sciences of Ukraine, Kyiv, Ukraine. E-mail: rjb2000.16@gmail.com,
ORCID: 0000-0001-7260-3263.

BigomocTi npo aBTOpiB

WaHanga M. |. — nokTop hapmauleBTUYHMX HayK, AOLEHT kadyeapun hapMaKorHosii 3 MeanyHo 60TaHiKo, TEPHONINbCLKNIA
HauioHa/TbHWUIA MegnYHNA yHiBepcuTeT iMeHi |. A. TopbayeBcbkoro MO3 YkpaiHu, TepHoninb, YkpaiHa.

E-mail: shanayda@tdmu.edu.ua, ORCID: 0000-0003-1070-6739.

BpiHa3a fA. — kaHAuAaT CiNbCbKOrocnoAapCbkmx HayK, AOLEHT, CTapLlunii HayKoBWiA CRIBPOBITHUK thakynbTeTy arpobionoi
Ta Xap4yoBuMX PecypciB, IHCTUTYT POCANH Ta HayK NPO AOBKiNA, CnoBaubkuii CilbCbKorocnoaapcbknii yHiBepceuteT, Hitpa,
CnoBaubka Pecny6nika. E-mail; jan.brindza@uniag.sk, ORCID: 0000-0001-8388-8233.

FopuiHoBa-CepnaukoBa B. — kaHAMAaT CiflbCbKOroCnoAapChbkMx Hayk, AOLEHT, HayKOBWUI CMIBPOOITHUK dhakKy/bTeTy
arpob6ionioi Ta Xap4yoBMX pPecypciB, IHCTUTYT POCMMH Ta Hayk Mpo A0BKiNAsA, CnoBaubKWil CiflbCbKOrOCnoAapChbkuii
yHiBepcuTeT, HiTpa, CnoBaubka Pecny6nika. E-mail: viadimira.sedlackova@uniag.sk, ORCID: 0000-0002-5844-8938.
Kopa6nboBa O. A. — kaHAMAAT CiflbCbKOrOCNOAAPCHKNX HayK, CTapLUMiA HAyKOBWUIA CNiBPOOGITHMK Bigdiny Ky/bTypHOI
onopw, HauioHanbHuiA 60TaHiuHMiA cag imeHi M. M. Mpuwka HAH Ykpainu, KuiB, YkpaiHa. E-mail: okorablova@ukr.net,
ORCID: 0000-0001-6656-4640.

CepachmH O. A. — cTygeHTKa V Kypcy dapmMaueBTUYHOro hakynstety, TepHONI/IbCbKUA HaUiOHaIbHUIA MeanYHNIA
yHiBepcuTeT iMeHi |. A. FopbayeBcbkoro MO3 Ykpainu, TepHoninb, YkpaiHa. E-mail: serafyn_oksand@tdmu.edu.ua,
ORCID: 0009-0006-0833-8489.

OcTpoBCKi P. — KaHAMAAT CiIbCbKOTOCMOAAPCHKMX HayK, AOLEHT, HayKOBWIA CMiBPOGITHWK IHCTUTYTY €KOsorii /1iCoBMX
pecypcis, CnoBaubka akagemisi Hayk, 3BonieH, CnoBaupbka Pecny6rnika. E-mail: radovan.ostrovsky @ife.sk,

ORCID: 0000-0003-2942-0933.

PaxmeTtoB [l. B. — AOKTOp CiNIbCbKOrocnogapcbkux HayK, npodiecop, 3aBigyBauy Bigginy KynbTypHoi dosiopu, HauioHanbHMiA
60TaHiuHIi cag imeHi M. M. Mpuwka HAH Ykpainn, Kni, YkpaiHa. E-mail: rjb2000.16@gmail.com,

ORCID: 0000-0001-7260-3263.

ISSN 2312-0967. ®apManeBTUUHMI yacomuc. 2024. Ne 3

20





