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Antimicrobial activity of the dense extracts of
Dracocephalum nutans L. and Dracocephalum ruyschiana L.

In the article the results of ultrasonic extraction of Dracocephalum nutans L. and Dracocephalum ruyschiana
L. from Central Kazakhstan were presented. The effectiveness of the process was evaluated based on the
quantitative yield of total extractive substances, the content of total polyphenolic compounds, flavonoids,
phenolic acids, and the antimicrobial activity of the obtained extracts. It was experimentally established that
the solvent ensuring the quantitative extraction of total extractive substances is 70 % ethanol. The obtained
extracts of Dracocephalum nutans L. and Dracocephalum ruyschiana L. can be considered as substances for
the development of antimicrobial pharmaceuticals.
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Introduction

In modern conditions, there is a development of microorganism strains with multiple drug resistance
and their active spread, which highlights the need for new antimicrobial and antifungal agents. In this con-
text, plant-based medicines are becoming increasingly important alongside synthetic drugs. The biologically
active compounds in these substances are similar in structure and action to the natural components of the
human body, which leads to a significant reduction in side effects from their use [1-5]. Bacteria resistant to
synthetic antibiotics threaten their effectiveness and limit treatment options even for common infections.
Therefore, significant attention should be given to plant-based agents that can be used as highly effective
antimicrobial medications.

Currently, plant-based medicines are successfully used for the treatment of most diseases, despite the
fact that synthetic drugs, which emerged about a century and a half ago, have significantly advanced medi-
cine [6].

In the flora of Kazakhstan, there are more than 1,000 essential oil plants. Of particular interest are some
species from the families Lamiaceae, Apiaceae, and Asteraceae, which have either not been studied at all or
have only brief information available on their chemical composition and biological properties. In this regard,
the family Lamiaceae, which is one of the leading families in the flora of Kazakhstan, is especially notewor-
thy. For instance, within this family, the republic has 233 species classified into 45 genera [7].

Among them, plants of the genus Dracocephalum L. are the most well-known, serving as a rich and
widespread source of essential oils. According to the database The Plant List (as of August 2016), the genus
includes 74 species, with 20 species found in Kazakhstan [8].

Studies have shown that some species of Dracocephalum possess antibacterial, antitussive, antidiarrhe-
al, antioxidant, anticancer, anti-inflammatory, antidiabetic, and soothing properties [9—12].

Experimental

The research objects are the above-ground parts of Dracocephalum nutans L. and Dracocephalum
ruyschiana L., collected during the flowering phase from the Karkaraly Mountains (Karaganda Region, N
49°43'23" E 75°48'38"), in May 2022.

For obtaining dense extracts, the method of ultrasonic extraction was used for the above-ground parts of
Dracocephalum nutans L. (nodding dragonhead) and Dracocephalum ruyschiana L. (Ruysch's dragonhead).
The choice of the ultrasonic method is due to its ability to extract biologically active substances from plant
material within a short time (15-30 minutes), whereas classical methods typically require 8—24 hours [13—
15].

For the analysis, an ultrasonic bath Stegler 3DT (3 L, 20-80 °C, 120W, frequency 40 kHz) was used.
The raw material was extracted using a mixture of water and ethanol (1:1) and ethanol alone, with a ratio of
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raw material to extractant of 1:20. Ultrasonic extraction was performed with a water: ethanol ratio of 1:1.
The raw material was initially soaked for 20 minutes and then subjected to ultrasonic treatment for 30
minutes at room temperature. The extraction process was repeated three times under the same conditions,
and the filtrates were combined, cooled to room temperature, and evaporated using a rotary evaporator.

For the analysis of phenolic compounds in the extracts, high-performance liquid chromatography cou-
pled with ultraviolet (UV) detection and real-time tandem mass spectrometry (ESI-MS/MS) was used.

The content of phenolic compounds in the extracts was calculated using the external standard method
according to the formula (1):
_ S, xm, x25 x P x100

, (1
S, x mx25 x100

where S, is the peak area value of the compound in the chromatogram of the test solution;

Sy is the peak area value of the compound in the chromatogram of the standard;

my is the mass of the standard compound, in grams; m; is the mass of the extract, in grams;

P is the content of the compound in the standard compound, in %; and 25, 25 are the dilution factors.

The antimicrobial activity of the samples was studied using the disk diffusion method.

The antimicrobial activity of the aforementioned samples was studied against Gram-positive bacteria
Staphylococcus aureus and Bacillus subtilis, Gram-negative bacteria Escherichia coli and Pseudomonas
aeruginosa, and the yeast fungus Candida albicans using the disk diffusion method. The reference substances
used were benzylpenicillin for bacteria and nystatin for the yeast fungus Candida albicans.

For the study, a suspension containing a standard number of viable bacterial cells was prepared and
seeded as a lawn on the surface of the nutrient medium in Petri dishes. 0.01 mL of each sample was applied
to sterile filter paper disks. The disks with the samples were placed on the seeded surface in a circular ar-
rangement, 2.5 cm from the center of the dish (4 disks per dish). The inoculated plates were incubated at
36 °C for 24 hours. After incubation, zones of complete and partial bacterial growth inhibition appeared
around the disks against the uniform bacterial lawn. The results were recorded by measuring the diameters of
the inhibition zones. Each sample was tested in triplicate. For comparative assessment of antimicrobial activ-
ity, antibiotic solutions were used: sodium benzylpenicillin, sodium ceftriaxone, nystatin, with 70 % ethanol
and DMSO in equivalent volumes used as controls.

The antimicrobial activity of the samples was assessed by measuring the diameter of the inhibition
zones around the test strains (mm). An inhibition zone diameter of less than 10 mm and continuous growth in
the dish were considered as indicating no antibacterial activity, 10—15 mm indicated weak activity, 15—
20 mm indicated moderate activity, and over 20 mm indicated strong activity.

Statistical analysis of the data was performed using parametric statistical methods, including the calcu-
lation of the arithmetic mean and standard error.

X

Results and Discussion

The HPLC analysis of the chemical composition of phenolic compounds in the dense extracts of
Dracocephalum nutans and Dracocephalum ruyschiana was conducted at the Research Center of the Medi-
cal University of Karaganda (Karaganda, Kazakhstan). The composition of phenolic compounds in dense
extracts of D.nutans and D.ruyschiana, obtained by ultrasonic extraction, and the mass spectra for the identi-
fied compounds in negative ionization mode are presented in Table 1 and Figures 1 and 2.
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Figure 1. Chromatogram of Dracocephalum nutans extract at a wavelength of 280 nm
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Figure 2. Chromatogram of Dracocephalum ruyschiana extract at a wavelength of 280 nm

Table 1

Identification and Content of Phenolic Compounds in Dense Extracts of Dracocephalum nutans and
Dracocephalum ruyschiana

Ne Peak | Retention Time, |M-H — (m/z) Identified Components Content (mg/g of extract)

min D. ruyschiana D. nutans

1 4.985 179 caffeic acid 1.3340.08 1.37+0.11

2 12.568 353 chlorogenic acid 12.3340.15 -

3 13.907 163 p — couric acid 12.37+0.05 -

4 14.717 463 quercetin-3'-glucoside - 47.95+0.19

5 15.136 574 ferulic acid 7.29+0.10 3.43+0.13

6 15.593 163 0 — couric acid 3.1+0.10 -

7 16.995 359 rosmarinic acid 44.76+0.15 19.54+0.28

As shown in Table 1, a total of 7 phenolic compounds were identified and quantified in the dense ex-

tracts of D.nutans and D.ruyschiana, including 6 phenolic acids and 1 flavonoid.
The dominant phenolic compounds in the extracts are rosmarinic acid, with contents of 19.54 and

44.76 mg/g, and quercetin-3'-glucoside in D.nutans, with a content of 47.95 mg/g (Table 2).

Table 2

Results of the Antimicrobial Activity Study of Dracocephalum nutans and Dracocephalum ruyschiana Extracts

= N w en
285 | 258 258 | 25n | 38E
mm name zE0 £39 5 %Y =0 {338
(s - 25| FRE | =g
)
D.ruyschiana 15+£0.5 151 10£0.5 9+1 12+£0.6
D.nutans 14+1.2 12+0.1 14+£0.3 9+0.3 12+0.1
Sodium 16 +0.1 14 £0.1 15+0.1 12+1 -
benzylpenicillin
Sodium ceftriaxone 20+0.3 19+0.17 19+0.5 19+1 -
DMSO - - - - -
(70 %) Ethanol 10+ 0.1 10+0.1 9+0.1 9+0.1 8+0.1
Nystatin - - - - 21+£0.2
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The extract of D.ruyschiana exhibits moderate antimicrobial activity against Gram-positive bacteria
Staphylococcus aureus and Bacillus subtilis, and weak antimicrobial activity against Gram-negative bacteria
Escherichia coli and Pseudomonas aeruginosa, as well as against the yeast fungus Candida albicans.

The extract of D.nutans demonstrates weak antimicrobial activity against the Gram-positive bacteria
Staphylococcus aureus and Bacillus subtilis, as well as weak activity against the Gram-negative bacteria
Escherichia coli and Pseudomonas aeruginosa, and weak activity against the yeast fungus Candida albicans.

Conclusion

1. For the first time, ultrasonic extraction of Dracocephalum nutans and Dracocephalum ruyschiana
from the Central Kazakhstan region was successfully performed.

2. The chemical composition of the extracts of Dracocephalum nutans and Dracocephalum ruyschiana
was determined using high-performance liquid chromatography (HPLC).

3. The extract of Dracocephalum ruyschiana can be considered as a potential substance for the devel-
opment of antimicrobial agents.
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Dracocephalum nutans L. xdue Dracocephalum ruyschiana L.
KO0 SKCTPAKTAPBIHBIH MUKPOOKAKapchl 0eJiCeHaiIiri

Makanana Opranbik Kasakcranna ecetin Dracocephalum nutans L. xoue Dracocephalum ruyschiana L.
OCIMIIIK IIVKI3aTTapbIHBIH YJIBTPaJbIOBICTEIK SKCTPAKIMsIIAay HOTIKeepi kenripinreH. [Ipouectin THiMaimiri
9KCTPAKTHBTI 3aTTapiblH Kbl LIBIFBIMBI, HOJU(EHONABl  KOCBUIBICTAPIBIH, (hI1aBOHOMATAPABIH,
(EHONKBIIKBUTIAPBIHBIH JKAJIMbl MOJILEpi KOHE alblHFAH JKCTPAKTapAbIH MUKPOOKAKapchl OSJICeHALTIr
OoiibiHImIa OaraimaHAbl. DKCIEPUMEHTANAB TYPIAE DKCTPAKTUBTI 3aTTApAblH JKaIIbl MOIIIEPIH THIMII ary
yurin 70 % STHI CHHPTI KCTpareHT peTiHAe KOJIaHBUIABL AIBIHFAaH MHKpPOOKakapcel Oencenaimiri Oap
Dracocephalum nutans L. xone Dracocephalum ruyschiana L. 3KCTpakTBIIaphl JOpUTiK 3aTTapiAsl a3ipiey
YILIiH CyOCTaHIUS peTiHae KapacThIPBULAEL.

Kinm ce30ep: Dracocephalum, MukpoOKakapchl OeNCEHALTIK, yIbTPambIOBICTHIK SKcTpakiusd, KTCX,
nmaToreH i OakTepusiiap.

A. PamazanoBa, ['.A. Araxanosa, ['.K. Kypmanraesa, b.b. Ammp6exoBa

AHTUMHMKPOOHASI aAKTUBHOCTH I'YCThIX IKCTPAKTOB
Dracocephalum nutans L. n Dracocephalum ruyschiana L.

B crartee mpencraBiieHBl pe3yNbTaThl  yIABTPAa3BYKOBOH OKCTpakuuu Dracocephalum nutans L. u
Dracocephalum ruyschiana L., npouspacraromux Ha Teppuropun LlenrpansHoro Kaszaxcrana. D¢ dexTus-
HOCTP HpOIecca OLEHUBAIH 110 KOJMIECTBEHHOMY BBIXOLY CYMMBI SKCTPAKTHBHBIX BELIECTB, COICPIKAHUIO
00IIEero KOMMYecTBa MOIM(EHOIBHBIX COSANHEHHH, (JIaBOHOMIOB, (PEHONBHBIX KUCIOT ¥ aHTHMHKPOOHOI
AKTHBHOCTH IIOJIyYEHHBIX KCTPAKTOB. DKCHEPUMEHTAIBHO YCTAHOBJIEHO, YTO YKCTPAareHTOM, 00ecIeunBaro-
UM KOJMYECTBEHHOE U3BJICUCHUE CYyMMBI SKCTPAKTHUBHBIX BELIECTB, siBNsAeTCS 70 Y%-HBII CIUPT STUIIOBBIN.
[Tonyuennsle s3xcTpaktel Dracocephalum nutans L. u Dracocephalum ruyschiana L. MOXXHO paccMaTpuBaTh
B KauyecTBe cyOCTaHIUI ISt pa3paboOTKH JIEKapCTBEHHBIX CPEJICTB IPOTHBOMUKPOOHOTO NEHCTBHSL.

Kniouesvie cnosa: Dracocephalum, anTUMUKpOOHast aKTHBHOCTB, YJIBTPa3ByKoBas skcTpakuust, BOXX, na-
TOTE€HHbIE OaKTepHH.
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