
Biomedical & Pharmacology Journal, June 2025.	 Vol. 18(2), p. 1246-1256

Published by Oriental Scientific Publishing Company © 2025

This is an    Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

Phytochemical Profiling and Antioxidant Activity of 
Dracocephalum officinale (Blue-Flowered Form)

Cultivated in Ukraine
 

Mariia Shanaida1*, Kateryna Lipka1, Tetyana Kucher2,
Liubomyr Kryskiw2, Antonina Pryshlyak3 and Mariya Koval4

1Department of Pharmacognosy and Medical Botany,
I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine.

2Department of Pharmaceutical Chemistry, I. Horbachevsky 
Ternopil National Medical University, Ternopil, Ukraine.

3Department of Human Anatomy, I. Horbachevsky 
Ternopil National Medical University, Ternopil, Ukraine.

4Department of General Chemistry, I. Horbachevsky Ternopil 
National Medical University, Ternopil, Ukraine.

*Corresponding Author E-mail: shanayda@tdmu.edu.ua

https://dx.doi.org/10.13005/bpj/3166

(Received: 17 April 2025; accepted: 03 June 2025)

	 Dracocephalum officinale (L.) Y.P. Chen & B.T. Drew, previously known by the 
synonym Hyssopus officinalis L., is an essential oil-bearing plant found in the wild in the Eastern 
Mediterranean and Central Asia. While its health benefits are primarily based on folklore rather 
than scientific evidence, it has not been included in any of the world’s Pharmacopoeias. Today, 
there are numerous subspecies, forms, and chemotypes of this species. This study aimed to 
investigate the potential medicinal value of a blue-flowered form of Dracocephalum officinale 
cultivated in Ukraine, based on the results of its phytochemical analysis and DPPH free radical 
scavenging activity. Gas chromatography-mass spectrometry (GC/MS) analysis was used to 
ascertain the qualitative content and quantity of volatile chemicals. For the chromatographic 
analysis of phenolic acids, a high-performance liquid chromatography (HPLC) method was 
employed. The herb was extracted using 80% methanol in an ultrasonic bath at 45°C both 
for HPLC analysis and spectrophotometric assay of antioxidant activity using 2,2-Diphenyl-
1-picrylhydrazyl (DPPH).  A total of 40 volatile compounds were identified in the essential 
oil of Dracocephalum officinale using GC/MS. The primary components of the essential oil 
included pinocamphone (27.55%), isopinocamphone (15.55%), ß-pinene (7.68%), germacrene 
D (4.76%), a-sabinene (4.62%), myrtenol (4.32%), and g-elemene (4.10%). High-performance 
liquid chromatography (HPLC) analysis revealed the presence of nine phenolic acids in an 
80% methanolic extract of the studied herb, with rosmarinic acid (19.942 mg/g) and caffeic 
acid (2.851 mg/g) being the most prevalent. The study conducted on the antioxidant effect of the 
Dracocephalum officinale extract found a moderate scavenging effect on DPPH free radicals, 
with the IC50 value of 1.65 mg/mL. This study concludes that further pharmacological research 
and the development of phytochemicals from Dracocephalum officinale in different dosage 
forms represent promising areas for future investigation.
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oil; Ethnobotanical use; Free radical scavenging activity; Phenolic acids; Spectrophotometry.
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	 Essential oil-bearing plants are widely 
recognized as herbal medicines that serve 
therapeutic, aromatic, and culinary purposes. They 
are integral components of medicinal products, 
cosmetics, and health foods.1 These aromatic 
medicinal plants produce various bioactive 
compounds that are valuable in drug development, 
flavoring, and other functional products due to their 
antioxidant, anti-inflammatory, and antimicrobial 
properties.2

	 The genus Dracocephalum L. (family 
Lamiaceae) currently includes 89 species of 
aromatic plants, incorporating previously separate 
genera such as Hyssopus L. and Lallemantia 
Fisch. & C.A.Mey.3,4 Currently, Dracocephalum 
is considered a polyphyletic genus.4-8 The most 
abundant groups of bioactive compounds in 
these genera are terpenoids and polyphenols. 
The metabolites derived from them exhibit a 
variety of pharmacological activities, including 
antimicrobial, anti-inflammatory, expectorant, 
hepatoprotective, anti-hyperlipidemic, and anti-
tumor properties.8,9 Ethnopharmacologically, these 
compounds have been mainly used to treat diseases 
of the respiratory and digestive systems.9 In recent 
years, due to search for effective herbal remedies 
to combat COVID-19, Hyssopus species and other 
members of the Lamiaceae family have attracted 
considerable attention from researchers.10-12 Despite 
the extensive research on these genera of plants, 
no species has yet been included in any of the 
world’s pharmacopoeias. Additionally, there are 
numerous  subspecies, forms, and chemotypes 
of the species, largely due to variations in the 
composition of essential oils, which depend on 
factors such as geographical location, cultivation 
practices, and genetic characteristics.
	  In the wild, Dracocephalum officinale 
(L.) Y.P. Chen & B.T. Drew (a synonym for 
Hyssopus officinalis) is primarily found in the 
Eastern Mediterranean and Central Asia.5,6,13 

This subshrub could be a significant species to 
introduce in countries with temperate climates, as 
it exhibits high resistance to frost and drought.14 It 
has been traditionally used for various medicinal 
purposes, particularly in the treatment of ailments 
such as colds, laryngitis, bronchitis, loss of 
appetite, enterocolitis, neuroses, and spasmodic 
conditions.5,6 It is also applied topically for 
conditions like stomatitis and dermatitis. However, 

the health benefits of hyssop are primarily based on 
folklore rather than substantial scientific evidence 
from experimental studies or clinical trials, which 
tend to be conducted sporadically. When such 
studies do occur, they indicate potential therapeutic 
effects. For example, in a placebo-controlled 
clinical trial, 60 patients with mild to moderate 
asthma were randomly assigned to receive either 
Hyssopus officinalis syrup (5 mL twice daily, 
containing 0.86 g of extract from the plant) for 
four weeks.15 The syrup demonstrated benefits for 
asthmatic patients with a productive cough, but it 
was not effective for those suffering from a dry 
cough. 
	 Thus, the main constituents of the 
hyssopus include essential oil and polyphenolic 
compounds, primarily flavonoids and phenolic 
acids. Researchers have focused significantly 
on the chemical composition and therapeutic 
properties of the essential oil of this plant which 
varies greatly depending on the plant’s growth 
location, the year’s climatic conditions, and 
the available forms and chemotypes.14, 16-20 In 
contrast, the phenolic compounds of this species, 
particularly in the methanolic extracts of the raw 
material, have been researched much less.21-23

	  It is known, the extracts from Lamiaceae 
representatives, which are rich in polyphenols, 
can scavenge DPPH free radicals due to their 
significant antioxidant activity.1,24,25 However, as 
it was noted recently,23 Hyssopus species remain 
under-investigated in this regard.
	 This  s tudy aimed to invest igate 
the medicinal potential of the blue-flowered 
form of Dracocephalum officinale based on 
the phytochemical analysis of its primary  
metabolites  and evaluation of  its  free radical 
scavenging activity.

MATERIALS AND METHODS

Plant-based raw material
	 The species identification was conducted 
by Dr. Mariia Shanaida. The voucher specimen 
of the studied species has been deposited in 
the herbarium collection of the Department  
of Pharmacognosy and Medical Botany of 
I. Horbachevsky Ternopil National Medical 
University (Ternopil, Ukraine).
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	 The aerial parts of 2-year-old plants of 
Hyssopus officinalis, specifically the blue-flowered 
variety, were harvested during the flowering period 
in 2024 from plots in the Ternopil region (49°382 
33  N 25°282 323  E;  temperate climate) of 
Ukraine. The plants were grown in compliance with 
the Good Agricultural and Collection Practices 
requirements (GACP).26 The plant material was 
harvested and then left to dry in the shade at a 
temperature of 30 to 35 °C.
Chromatographic analyses
	 Gas chromatography-mass spectrometry 
(GC/MS) analysis was used to ascertain the 
qualitative content and quantity of volatile 
chemicals. An Agilent Technologies 6890 gas 
chromatograph with an HP-5ms capillary column 
and a mass spectrometric detector was utilized for 
the analysis, as it was previously described.27

	 For the chromatographic analysis of 
phenolic acids in the raw materials of the studied 
species, a high-performance liquid chromatography 
(HPLC) method was employed. Initially, the dried 
herb was crushed to a particle size of up to 2.5 
mm using a sieve with appropriate holes. It was 
then mixed with 80% methanol in a ratio of 1:15 
(raw material to extractant). This mixture was 
allowed to infuse for 60 min at room temperature. 
Following the infusion, the mixture was subjected 
to extraction for 30 min in an ultrasonic bath 
at 45°C. After the first extract was drained, the 
remaining plant material was mixed with a fresh 
portion of 80% methanol, following the same 1:15 
ratio. This second extraction was also performed 
for another 30 min in the ultrasonic bath at 45°C. 
Finally, the extracts from both extractions were 
combined and filtered through membrane filters 
with 0.22 ìm pores. It was utilized using an Agilent 
Technologies 1200 liquid chromatograph and a 
Zorbax SB-C18 column (3.5 µm, 150 x 4.6 mm) 
according to methodology described earlier.27 The 
standard solutions of benzoic, caffeic, chlorogenic, 
trans-cinnamic, p-coumaric, trans-ferulic, gallic, 
hydroxyphenylacetic, rosmarinic, syringic, and 
sinapic acids were used in this study.
	 The all reagents were purchased from 
VWR Chemicals BDH (USA). Each analysis was 
conducted three times, with results expressed as a 
mean. The normalized peak area abundances were 
used for semi-quantification in GC/MS.

Spectrophotometric analysis of antioxidant 
activity (in vitro)
	 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 
and Trolox were purchased obtained from Tokyo 
Chemical Industry Co., Ltd (Japan). Methanol was 
obtained purchased from VWR Chemicals BDH 
(USA). All reagents and solvents used were of 
analytical grade. 
	 The DPPH radical scavenging activity 
was measured according to28 utilizing a Shimadzu 
UV-1800 UV-vis spectrophotometer.29 The assay 
involved mixing 0.1 mL of various concentrations 
of the extract, obtained from the herb using 80% 
methanol, with 1.9 mL of a DPPH (25ìg/mL) 
solution prepared by dissolving 3.0 mg of DPPH 
powder in 100 mL of methanol. The absorbance 
decrease of the tested mixtures was monitored at 
516±2 nm after incubating for 60 minutes in the 
darkness at room temperature (Fig. 1) as the extract 
showed the maximum of its decolorizing activity 
at this time. The percentage of DPPH inhibition 
after a 60-minute reaction period was plotted 
against the extract concentrations. The IC50 value, 
which indicates the concentration of the substance 
required to reduce the free radical by 50%, was then 
calculated. Trolox served as a standard antioxidant 
(concentration ranging 0.02-0.2 mg/mL). 
	 The level of DPPH free radical-scavenging 
activity was calculated using the following 
equation: % Inhibition = [(AB “ AA) / AB] × 
100, where AB and AA are the absorbances of the 
DPPH solution and test sample, respectively. All 
experiments were conducted in triplicate.
	 Statistical analyses were conducted using 
Statistica software, version 13.1 (StatSoft). The 
data are presented as mean ± standard error of the 
mean.

RESULTS 

	 Over 40 chemicals were identified in 
Dracocephalum officinale’s essential oil during 
the GC/MS study. Table 1 lists the principal 
components of this essential oil, each of which 
accounts for more than 1% of the overall content 
and collectively accounts for roughly 90% of the 
studied oil. Figure 2 shows an example of the GC/
MS chromatogram.
	 Our findings show that the abundance of 
the major compounds decreases in the following 
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Table 1. Component composition of essential oil from the Dracocephalum 
officinale herb studied by GC/MS 

Compound	 Retention time, min	 Relative quantity, %

β-Phellandrene	 5.71	 1.87±0.06
β-Pinene	 5.79	 7.68±0.14 
β-Thujene	 5.99	 1.75±0.04 
α-Sabinene	 6.78	 4.62±0.12
Linalool	 8.13	 1.53±0.03 
Isopinocamphon	 9.46	 15.55±0.23 
Pinocamphone	 9.76	 27.55±0.30 
Myrtenol	 10,15	 4.32±0.11 
β-Bourbonene	 13.87	 1.16±0.04 
Caryophyllene	 14.52	 1.93±0.05 
Isospathulenol	 15.26	 1.77±0.05 
Germacrene D	 15.62	 4.76±0.10 
γ-Elemene	 15.89	 4.10±0.08 
α-Elemol	 16.75	 3.92±0.07 
(-)-Spathulenol	 17.28	 2.52±0.06 
epi-α-Selinene	 17.40	 1.57±0.04 
10-epi-α-Eudesmol	 18.0	 1.41±0.02 
α-epi-7-epi-5-Eudesmol	 18.16	 1.91±0.05 

Fig. 1. Examples of the absorption spectra of the Trolox (A) and Dracocephalum officinale extract (B) dilutions 
(after 60-min reaction with DPPH) in the spectrophotometric analysis

order: pinocamphone, isopinocamphone, b-pinene, 
germacrene D, a-sabinene, myrtenol, g-elemene, 
and a-elemol. 
	 The obtained results indicate that the 
abundance of the main components declines in the 

following order: pinocamphone, isopinocamphone, 
b-pinene, germacrene D, a-sabinene, myrtenol, 
g-elemene, and a-elemol.
	 Pinocamphone, isopinocamphone, and 
b-pinene are classified as bicyclic monoterpenoids, 
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Table 2. Composition of phenolic acids in the herb of Dracocephalum officinale studied 
by HPLC 

Compound	 Retention time, min	 Content, mg/g

p-Hydroxyphenylacetic acid (HPA)	 9.195	 0.087±0.001
Caffeic acid 	 12.067	 2.851±0.06
Syringic acid 	 14.279	 0.201±0.005 
Benzoic acid	 15.357	 0.310±0.007 
p-Hydroxycinnamic acid	 16.253	 0.343±0.006 
trans-Ferulic acid 	 18.038	 0.559±0.009 
Sinapic acid	 19.373	 0.089±0.002 
Rosmarinic acid	 20.828	 19.942±0.015 
trans-Cinnamic acid	 22.414	 0.051±0.001

Fig. 2. GC/MS chromatogram of the Dracocephalum officinale essential oil

while germacrene D, g-elemene, and a-elemol 
are categorized as sesquiterpenoids. Overall, the 
combination of both major and minor volatiles 
contributes to the distinct GC/MS chromatographic 
profile of the studied essential oil.
	 Sesquiterpenoids included germacrene 
D, g-elemene, and a-elemol, whereas bicyclic 
monoterpenoids encompass pinocamphone, 
isopinocamphone, and b-pinene. Ultimately, the 
unique GC/MS chromatographic profile of the 
examined essential oil has been affected by the 
mix of main and minor volatiles.
	 As for the study of phenolic acids in the 
Dracocephalum officinale aerial part, we revealed 
the contents of nine of them using HPLC (Table 2, 

Fig. 3). Rosmarinic acid was detected as the most 
concentrated compound, followed by caffeic and 
trans-ferulic acids. 
	 The study of the antioxidant activity 
of 80% methanolic extract of Dracocephalum 
officinale demonstrated the scavenging effect on 
DPPH free radical. Its IC50 was 1.65±0.04 mg/mL. 
Thus, the extract showed significant antioxidant 
activity (p < 0.05).

DISCUSSION

	 Secondary metabolites, particularly 
terpenoids, are recognized to have noticeable 
chemotaxonomic relevance for a variety of 
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Fig. 3. HPLC chromatogram of phenolic acids in the herb of Dracocephalum officinale

Lamiaceae members.25,30 Comparing our findings 
to data from scientific literature, we found that 
the main ingredients of this species’ essential oil 
from the Western Himalaya31 include pinocarvone, 
isopinocamphone, and â-pinene, which is 
comparable to research conducted by us. It was 
found that these compounds show promising 
antimicrobial and anti-inflammatory effects.16 
Furthermore, later it was discovered32 that â-pinene 
possesses anti-adenovirus properties.
	 I sopinocamphone was  the  main 
predominant component (40.07–45.45%) in 
all analyzed essential oil samples of Hyssopus 
officinalis obtained through three various modified 
hydrodistillation methods in Poland.19 The main 
components of essential oil from the other samples 
of Hyssopus officinalis that was also harvested in 
Poland were cis-pinocamphone (44.9%) and trans-
pinocamphone (18.2%).23 Somewhat different 
data have been published by other researchers. 
Thus, recent studies conducted by Miladinoviæ 
et al.20 found that the most abundant essential 
oil components of Hyssopus officinalis collected 
from natural populations in southeastern Serbia 
were eucalyptol, â-pinene, pinocamphone, and 

â-ocimene. The primary volatile components of 
Hyssopus officinalis collected in the mountains 
of Kurdistan (Iran) were camphor (23.61%) and 
â-pinene (21.91%).
	 Three distinct chemotypes of Hyssopus 
officinalis were revealed in Italy33. Notably, one 
of these chemotypes had not been documented 
in previous scientific literature and demonstrated 
a predominance of (-)-limonen-10-yl-acetate 
at 67.9%. The other two chemotypes were 
characterized by different dominant compounds: 
one featured methyleugenol at 41.5% and 
1,8-cineole at 39.7%, while the one collected in 
Navelli was characterized by predominance of 
cis-pinocamphone at 43.2% and methyleugenol at 
15.8%. 
	 Hyssopus officinalis subsp. aristatus 
essential oils gathered from five locations in 
Montenegro were high in phenylpropanoids, 
including methyl eugenol (up to 28.33%), 
oxygenated monoterpenes, such as 1,8-cineole 
(38.19-67.1%), and monoterpene hydrocarbons, 
such as limonene (7.99-23.81%).21 The essential 
oil of Bulgarian Hyssopus officinalis subsp. 
aristatus collected at different times during the 
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hydrodistillation process, contained dominating 
components such a-pinene, b-pinene, sabinene, 
b-myrcene, and 1,8-cineole in varied ratios.18

	 The essential oil content of three 
genotypes of Hyssopus officinalis (blue-, pink, 
and white-flowered forms) gathered in Moldova 
was found to vary slightly14. Notably, the main 
constituents of the essential oils of all three types 
were isopinocamphon and pinocamphon, albeit in 
varying amounts. The minor compounds of these 
essential oils have varying concentrations, with 
some being present in only one or two genotypes, 
highlighting their chemotaxonomic characteristics. 
	 The principal essential oil components 
of the pink-flowered form of Hyssopus officinalis, 
gathered in Poland, were pinocamphone (28.8%) 
and isopinocamphone (21.9%), while the white-
flowered form contained mainly pinocamphone 
(51.0%).17 Specific characteristics in the production 
of secondary metabolites were identified by GC/MS 
analysis of the volatile component content in plants 
with varying hues of Hyssopus officinalis flowers 
collected at an elevation of 1100 meters above 
sea level.  It was discovered that blue-flowered 
plants only had 20.85% of pinocamphone, but 
white-flowered plants had up to 44.99% and pink-
flowered ones up to 45.23%.34 When compared to 
the data we obtained on the blue-flowered form 
of the plant (see Table 1), these results are quite 
similar.
	 As for the comparative analysis of 
the component composition of essential oils 
of phylogenetically close species from the 
Lamiaceae family, it is important to note that 
the main compounds of the essential oil from 
the Dracocephalum moldavica herb collected 
in Iran were geranial (28.52%), neral (21.21%), 
and geraniol (19.60%).35 The main components 
of Iranian Lallemantia iberica essential oil were 
germacrene D (33.7%) and ä-3-carene (19.0%).36 
Thus, these data about new ‘relatives’ in the frame 
of the Dracocephaum genus are very different 
from the component composition of the various 
Hyssopus sp. described above.
	 As for the biological activity of essential 
oils of species from the studied genus, there 
are several of them. Thus, Leigh-de Rapper 
et al.37 conducted a study that investigated 
the potential effects of 369 combinations of 

commercial essential oils to evaluate their efficacy 
in treating respiratory tract infections. Five specific 
combinations, including one featuring Hyssopus 
officinalis essential oil, showed the most promising 
effects. These combinations demonstrated 
notable antimicrobial activity and enhanced anti-
inflammatory effects. Regarding toxicity issues, it 
was reported38 that high doses (above 0.13 mg/g) 
of hyssop essential oil caused convulsions in 
experimental animals. The daily repeated injection 
of its subclinical doses demonstrated the cumulative 
toxic effect. The authors linked this neurotoxic 
effect with the presence of pinocamphone in 
the hyssop essential oil. Recently, Wang et al.39 
demonstrated that the volatile oil of Hyssopus 
cuspidatus is a promising therapeutic agent for 
neutrophil-dominant steroid-resistant asthma by 
targeting the formation of neutrophil extracellular 
traps. High doses of Hyssopus cuspidatus essential 
oil (1.71 mg/kg body weight in mice) were used, 
which is equivalent to the clinical dose in humans. 
Eighteen terpenoids, including six new compounds, 
were isolated from Hyssopus cuspidatus by Aihaiti 
et al.40 Most of the identified compounds exhibited 
potent anti-inflammatory activity. 
	 Similarily to our findings, rosmarinic 
acid was the predominant phenolic compound 
revealed in the aerial parts of various Lamiaceae 
species collected in Ukraine, with concentrations 
ranging from 12.61 to 24.83 mg/g depending on 
the species.41 The ethanolic extracts from three 
Italian Hyssopus officinalis chemotypes exhibited 
qualitatively similar phenolic acids profiles, 
with chlorogenic (3.30-7.39 mg/g), rosmarinic 
(2.78-7.59 mg/g), and caftaric (2.11-3.08) acids 
identified as the main molecules.33 The amount 
of rosmarinic acid being the main component 
in the aerial part of wild-growing Hyssopus 
cuspidatus collected in northern China,42 ranged 
from 1.238 to 1.305 mg/g, depending on the year 
of collection, which is much less than found by 
us in the Hyssopus officinalis herb (see Table 2). 
In methanolic extracts of 5 samples of Hyssopus 
officinalis subsp. aristatus gathered in Montenegro, 
the most abundant phenolic compounds were 
chlorogenic acid and rosmarinic acid, present at 
concentrations of 23.35-33.46 mg/g and 3.53-17.98 
mg/g, respectively.21 It should be noted that in the 
70% ethanolic extract of the above-ground part 
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of Hyssopus officinalis collected in Romania, the 
most prevalent hydroxycinnamic acid was ferulic 
acid, with a concentration of 36.92 µg/g.24  
	 It should be noted that rosmarinic 
acid is famous for its noticeable antioxidant, 
hepatoprotective, immunomodulatory, and 
chemopreventive therapeutic properties.42 Ceylan 
et al.43 demonstrated significant antioxidant 
and anticancer properties of a number of 
hydroxycinnamic acids, including those we 
identified in the studied raw material (see Table 2).
	 As is known, the antioxidant activity 
measured by the DPPH method is related to 
the composition and content of polyphenolic 
compounds in the plant extracts.21,24 The methanolic 
extracts of Hyssopus officinalis subsp.  aristatus 
collected in Montenegro demonstrated the 
moderate antioxidant activity using a DPPH test.21 
The antioxidant properties of a few standardized 
extracts from Thai FDA-approved nutritional 
supplements produced from medicinal plants were 
investigated by Limsuwan et al.45 The extracts 
from the Coffea arabica seeds and Curcuma longa 
rhizomes demnstrated the most notable activity 
in neutralizing free radicals against DPPH, with 
IC50 values which varied from 0.17 to 0.42 mg/
mL, respectively. Therefore, the extract we studied 
could be evaluated as possessing a moderate 
scavenging effect on DPPH radicals, as its IC50 
value is higher (1.65 mg/mL), which reflects the 
necessity of using its higher concentration to inhibit 
the aforementioned free radical.ee radical.
	 Regarding other bioactivities of Hyssopus 
officinalis, the experimental studies conducted by 
Khaksar et al.22 indicated that a methanolic extract 
of hyssop, administered at a dose of 100 mg/kg for 
7 days, shows significant potential in inhibiting 
brain tumor damage. This effect appeared to be 
partly due to its influence on oxidative stress 
and cell proliferation pathways. Miæoviæ et al.46 
investigated the anti-inflammatory effects of 
hyssop herb preparations using in vitro, in vivo, 
and in silico methods. A molecular docking study 
indicated that the primary compounds in the 
extract, such as rosmarinic acid and chlorogenic 
acid, were responsible for these anti-inflammatory 
effects. The results confirm the use of hyssop 
plant in traditional medicine to treat inflammatory 
disorders.

CONCLUSION

	 The GC/MS analysis study identified 
more than 40 volatile compounds in the essential 
oil of the blue-flowered form of Dracocephalum 
officinale under its cultivation in Ukraine. The 
primary components of this essential oil, in 
descending order, are as follows: pinocamphone 
(27.55%), isopinocamphone (15.55%), b-pinene 
(7.68%), germacrene D (4.76%), á-sabinene 
(4.62%), myrtenol (4.32%), g-elemene (4.10%), 
and a-elemol (3.92%). Additionally, HPLC 
analysis of the 80% methanolic extract revealed the 
presence of nine phenolic acids, with rosmarinic 
acid being the most abundant at 19.942 mg/g, 
followed by caffeic acid at 2.851 mg/g. The study 
of the antioxidant activity of the Dracocephalum 
officinale extract showed a moderate scavenging 
effect on DPPH free radicals, with an IC50 value 
of 1.65 mg/mL. Single-omics data only reflect 
changes at one disease level and have limited 
effectiveness at screening disease targets. 
	 The limitations of this study include the 
fact that the GC/MS analysis of volatile compounds 
does not capture the composition of non-volatile 
terpenoids present in the raw material being 
studied. As a result, these non-volatile terpenoids 
could be analyzed in future research. Additionally, 
the HPLC studies were restricted to the standards 
of phenolic acids that were available to us. 
While we analyzed the antiradical activity of the 
Dracocephalum officinale extract against DPPH, it 
would also be beneficial to utilize other known in 
vitro models, such as ABTS and FRAP, for a more 
comprehensive assessment.
	 Generally, these findings indicate 
that further pharmacological research on 
Dracocephalum officinale using in vitro, in silico, 
and in vivo models shows promise due to its 
phytochemical composition.
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