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Antibacterial activity of ultrasonic extracts of Salvia stepposa
growing in Kazakhstan

This article presents data on the studies on antibacterial activity of ultrasonic extracts of Salvia stepposa
(steppe sage) growing wild on the territory of the Republic of Kazakhstan. Screening for the antibacterial ac-
tivity of the presented samples was carried out by the disc-diffusion method against strains of gram-positive
bacteria Staphylococus aureus, Bacillus subtilis, gram-negative strains Escherichia coli and the yeast Can-
dida albicans. The results showed that in relation to Staphylococus aureus the most pronounced antibacterial
activity with growth inhibition zones 35 + 1 mm is possessed by 30 % ultrasonic extract of steppe sage flow-
ers, in relation to Bacillus subtilis 49 + 1 mm — 40 % ultrasonic extract of steppe sage leaves, for Escherich-
ia coli 24 £ 1 mm — 70 % ultrasonic extract of steppe sage leaves. This study demonstrated that, 30 % ultra-
sonic extract of flowers and 90 % ultrasonic extract of flowers and leaves of steppe sage showed weak activi-
ty against yeast fungus Candida albicans with growth inhibition zones 12 £ 1 mm, 12 + 1 mm and 11 mm,
respectively. As a result, out of 8 extracts isolated by ultrasonic activation only 2 extracts showed antibacteri-
al activity against 4 studied bacteria. Additionally, it was found that the use of ultrasonic extraction can re-
duce the extraction time of biologically active substances in 89 times compared to conventional extraction
methods.
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Introduction

Nowadays, in connection with the formation of microorganism strains with multiple antibiotic re-
sistances, new drugs based on plant biologically active substances (BAS) with antibacterial activity are of
increasing interest among scientists. According to the literature, plant extracts are becoming more and more
popular because they combine low toxicity with the ability to effectively act on pathogenic and opportunistic
micro flora and are also safe in comparison with chemically obtained products [1].

Currently, 8 species of plants of the genus Sage grow in the Republic of Kazakhstan. The State Pharma-
copoeia of the Republic of Kazakhstan includes medicinal sage (Salvia officinalis L., Lamiaceae family),
which is recommended for use as an anti-inflammatory and antiseptic agent, is also used for diseases of the
upper respiratory tract, wound healing agent for burns or skin diseases [2—5]. However, other species of the
genus Salvia L. are still insufficiently studied and are not used in medicine. Thus, the steppe sage (Salvia
stepposa Des.-Shost.) grows practically on all territory of the Republic of Kazakhstan [6]. The chemical
composition of this species and biological activities has not been completely studied [7]. Some research is
conducted in Russia [8, 9], but in Kazakhstan plant raw material of Salvia stepposa is not studied. This spe-
cies is the potential source of the medicinal raw material for pharmacy [10].

Accordingly, the study of promising plant raw materials of steppe sage with the aim of using it for the
production of domestic medicines indicates the relevance of this work and its practical importance for the
pharmaceutical industry.

At the moment, there are many ways to extract plants in order to isolate BAS from them. Traditional
extraction methods, such as Soxhlet extraction, solid-liquid extraction or liquid extraction, are characterized
by low process selectivity, the use of a large amount of solvents, long extraction timeand these methods also
make it possible to obtain products with a low yield of BAS [11]. Moreover, many natural products are
thermally unstable and can decompose when the temperature rises during extraction. Modern extraction
methods include microwave-assisted extraction and ultrasound-assisted extraction. The use of ultrasound has
significant advantages over traditional technologies for the isolation of BAS. Ultrasonic extraction is used in
a variety of chemical processes because it is a fast method that consumes little energy and reduces solvent
consumption, resulting in a cleaner product and higher yields of the final product. The extraction mechanism
of ultrasound-assisted extraction includes two types of physical phenomena: diffusion through the cell walls
and leaching of the cell contents after the destruction of the walls [12]. Ultrasonic waves change their physi-
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cal and chemical properties after interacting with the exposed plant material and their cavitation effects pro-
mote the release of BAS and increase mass transfer, destroying the walls of plant cells [13]. The advantage
of using ultrasound is the reduction in extraction time and the amount of solvent used, as well as an increase
in the yield of the final product. The authors [14] carried out the extraction of polyphenols from Salvia
officinalis using ultrasonic extraction. In comparison with traditional extraction methods, the reaction time
was reduced by 20 %. Thus, these advantages allow for lower manufacturing costs and correspondingly low-
er cost of the final product.

Materials and methods

As a plant material, we used the above-ground part of the steppe sage (Salvia stepposa), which is repre-
sented by leaves and flowers, collected in the surrounding of the Karaganda city during the flowering phase
(June-July, 2020). Before extraction, fresh raw materials were dried at 25-30 °C, avoiding exposure to direct
sunlight for 7 days.

For ultrasonic extraction of steppe sage, aqueous-ethanol solutions of the following concentrations of
30 %, 40 %, 70 %, and 90 % were used as solvent. For the extraction, the above-ground part of the steppe
sage was used; the extraction of flowers and leaves was carried out separately. Air-dry raw materials of the
steppe sage (Salvia stepposa) leaves and flowers were separately immersed in a flat-bottomed flask and the
necessary solvent was added. The ratio of the mass of raw materials to the volume of the solvent was 1:10,
respectively. The flask with the raw material and the solvent was immersed in an ultrasonic bath Digital Ul-
trasonic Cleaner VGT 1200, with an ultrasonic frequency of 40,000 Hz [15]. Extraction of each sample of
raw materials for leaves was carried out 4 times, for flowers — 3 times until an almost transparent solution
was obtained. The ultrasonic irradiation time for leaves and flowers was 30 minutes. The extracts of each
sample were filtered using a paper filter. The obtained extracts were combined and evaporated under vacuum
using a rotary evaporator at a temperature not exceeding 60 °C. Residual solvent from the thick extract was
evaporated in a water bath at a temperature of 60 °C and stored in a dry, dark, cool place until required. The
received solid ultrasonic extracts of steppe sage were from dark brown to dark green color, which depending
on the concentration of the solvent with a specific odor.

The study of the antibacterial activity of the above samples was carried out against two strains of gram-
positive bacteria Staphylococcus aureus (ATCC 6538), Bacillus subtilis (ATCC 6633), against the gram-
negative strain Escherichia coli (ATCC 25922) and against the yeast Candida albicans (ATCC 10231). The-
se bacterial strains are part of the collection of the Department of Microbiology of the Medical University of
Karaganda, Kazakhstan. The study of antibacterial activity was carried out using the disc-diffusion method
[16]. For the study, a suspension was prepared containing a standard number of viable bacterial cells, which
was inoculated with a lawn on the surface of the nutrient medium in Petri dishes. On sterile filter paper disks,
0.01 ml of extract at a concentration of 100 mg/ml was applied. Discs with preparations were placed on the
inoculation at a distance of 2.5 cm from the center of the dish in a circle (4 disks per dish). The inoculations
were incubated for 24 h at 36 °C for bacteria and 24 h at 28 °C for fungi. After incubation against the back-
ground of a uniform bacterial lawn around the discs, zones of complete and partial suppression of bacterial
growth were formed. The results were taken into account by measuring the diameter of the growth inhibition
zones. Comparators are benzyl penicillin for bacteria and nystatin for yeast. Each sample was tested in three
parallel runs.

Results and Discussion

The antibacterial activity of the samples was assessed by the diameter of the growth inhibition zones of
the test strains (mm). The diameter of growth inhibition zones is less than 10 mm and continuous growth in
the dish was assessed as the absence of antibacterial activity, 10—-15 mm — weak activity, 15-20 mm —
moderate activity, over 20 mm — strong. The results of the study of the antibacterial activity of the samples
are shown in Table 1.

As can be seen from the data in Table 1, it follows that ultrasonic 30 %, 40 %, 70 % and 90 % extracts
of both leaves and flowers of steppe sage have strong activity in relation to gram-positive strains
Staphylococus aureus and Bacillus subtilis. As a result of the experiment, it was found that 70 % of the leaf
extract and 90 % of the flower extract demonstrated strong activity against the gram-negative strain Esche-
richia coli. In addition, a weak antimicrobial activity of 90 % alcoholic extract of the leaves and 30 %, 90 %
of alcoholic extract of flowers was revealed against strains of yeast fungus Candida albicans, the rest of the
extracts showed no activity against yeast.
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Table 1
Antibacterial activity of the studied samples of ultrasonic extracts
Staphylococus Bacillus Escherichia Candida
Ne Sample o . .
aureus subtilis coli albicans
1 |30 % ethanol extract of steppe sage (leaves) 28+1 32+1 9+1 8+1
2 |40 % ethanol extract of steppe sage (leaves) 33 +1 49+1 16+1 8+1
3 |70 % ethanol extract of steppe sage (leaves) 20+1 29+1 24+1 8+1
4 |90 % ethanol extract of steppe sage (leaves) 261 28+1 10+1 11£1
5 130 % ethanol extract of steppe sage (flowers) 35+1 44+1 1241 1241
6 |40 % ethanol extract of steppe sage (flowers) 30+l 29+1 11+1 9+1
7 170 % ethanol extract of steppe sage (flowers) 25+1 32+1 11+1 7+£1
8 190 % ethanol extract of steppe sage (flowers) 26+1 30+1 21+1 1241

Conclusions

For the first time, ultrasonic extraction was used to extract biologically active substances from the
leaves and flowers of steppe sage; the antibacterial activity of the obtained extracts was assessed in an in
vitro experiment. The use of ultrasonic extraction provides a reduction extraction time of biologically active
substances by 8-9 times in comparison with conventional methods. Both flower and leaf extracts showed
strong antibacterial activity against the gram-positive bacteria Staphylococus aureus and Bacillus subtilis, as
described above. In addition, two steppe sage extracts showed the highest activity against the gram-negative
strain Escherichia coli. The study showed that for the most part, with the exception of a few, ultrasonic ex-
tracts of steppe sage were not active against the yeast Candida albicans.
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SLK. JIeBas, M.E. JKonnac6aes, I'.A. Ataxxanosa, C.b. AxMmeToBa

Ka3zakcranaa ecetin Salvia stepposa yJ1bTpaabIObICTBIK IKCTPAKTAPBIHBIH
O0akTepusAFaKapchl OejiceHaIiri

Maxkanana Kasakcran PecnybnukacelHbiH —aymarbiHga eceTiH  Salvia  stepposa (manma  andeiii)
YIBTPAABIOBICTEIK IKCTPAKTAPBIHBIH OaKTEpUsFakapchl OCNCCHAUIrIH aHBIKTAy OOWBIHIIA JepeKTep
YCHIHBUIFaH. YJITiIep/iH OakTepHusrakapchl OeICeHUIITIH 3epTTey CKpuHHHTI Staphylococus aureus, Bacillus
subtilis TpaMOH OakTepHUsIapIAbIH TaMaapbiHa, Escherichia coli Tpamrepic mramuapsiHa sxoHe Candida
albicans amBITKBl CaHBIPAyKYJIAaKTapblHa KATBICTHI JHCKO-TU(QQY3MIIBIK oficneH xyprizingi. Hotmkenep
Staphylococus aureus KaTtblcThl ocy Kimipici 35+ 1 MM OonarsiH 30 maiibp3Ablk nana mandgei TyliHiH
YIBTPAABIOBICTHIK JKCTpaKTici, Bacillus subtilis xatpictel 49 + 1 MM — nana mandeiinin 40 nmaib3abIK
YIBTPAABIOBICTBIK IKCTPaKTici, Escherichia coli xatbicTsl 24 £ 1 MM — panansik mandeii xanpparsiHbH 70
NalbI3AbIK YIBTPAIBIOBICTEIK IKCTPAKTICI OapblHIIA aWKbIH OaKTepUsFakapchl OCJICEHIIKKE He eKeHIiH
kepcerti. Candida albicans-ka katbicThl 30 TallbI3BIK YIBTPAABIOBICTBIK TYJ JKCTPakKTici jxoHe 90
NalbI3ABIK YIBTPAABIOBICTEIK Aana masideiliniy ryiagepiMeH jKanblpaKTapblHBIH IKCTPAKTiCi CoMKeciHIIe
12+1wMMm, 12+1Mm xoHe 11MM ecy kimipici Oap omci3 OGencennimikri kepcerti. Hormkecinnme
YIBTPAAbIOBICTEIK aKTHBTEHAIPY apKbUIBI OONIHreH & OKCTpakTiHiH 2-1 3epTreneTiH 4 MUKpoar3aiap
JaKbUIapbIHA KATBICTBl OAaKTEPUSFAKapChl OENCCHIUIIKTI KOpCeTTi. YIBTPambIOBICTHIK OSKCTPAKIMSIHBI
KOJIIaHy JQCTYPJIi SKCTPAKIHUS 9JIiCTEpiMEH CalbICTBIpFaH/a OHOJIOTHSIIBIK GeJICeH i 3aTTapABIH YKCTPAKIIHS
yakKbIThIH 8—9 ece KbICKapTyFa MyMKIiHIiK OepeTiHi aHBIKTabl.

Kinm ce30ep: Gakrepusrakapchl OCJICEHITIK, IKCTPAKTIIECP, YIbTPAABIOBICTBIK YKCTPAKIHs, OakTepusiap,
JucKo-1udy3usIIbIK omic.

SI.K. JleBas, M.E. XXongacbaes, I'.A. Ataxxanosa, C.b. AxmeToBa

AHTHOAKTepUAJIbHASI AKTUBHOCTD YJILTPa3BYKOBBIX IKCTPAKTOB
Salvia stepposa, npouspacrarmero B Kazaxcrane

B crarbe npezncTaBieHb JaHHBIE 110 BEIIBICHHUIO aHTHOAKTEPHAIBHBIX CBOIMCTB YIBTPa3BYKOBBIX SKCTPAKTOB
Salvia stepposa (wangeil cTenHoi), mpouspacraromero Ha teppuropun Pecryonuku Kazaxcran. CkpuHUHT
[0 U3YYEHHIO aHTHOAKTEPHAIBHOW aKTUBHOCTH OOpPa3LOB NMPOBOAMWICA NUCKO-AU( Y3HOHHBIM METOAOM B
OTHOIICHUH ITAMMOB I'PaMIIOJIOKUTENbHBIX OakTepuid Staphylococus aureus, Bacillus subtilis, rpamoTpuna-
TEJIBHBIX ITaMMOB Escherichia coli n x apoxokeBoMy rpudky Candida albicans. Pe3ynpTaTsl mokasaiu, 4To
B OTHOWEHUH Staphylococusaureus MaKCUMaIbHO BBIPQ)KCHHON aHTHOAKTEPHAIBHOM aKTHBHOCTBIO C 30HAMH
3amepxkku pocra 35 + 1 MM o6manaer 30 %-HbIi yIbTPa3ByKOBOIT SKCTPAKT BETKOB MIa(est CTEMHOTO; B OT-
HoureHuu Bacillus subtilis 49 =1 Mm — 40 %-HbIil yIbTPa3ByKOBOIl SKCTPAKT JIMCTHEB INai(es CTEIHOTO;
B oTHOWeHHN Escherichia coli 24 =1 MM — 70 %-HbIi yIbTPa3ByKOBOM 9KCTPAKT JINCTHEB MIAT(Es] CTEITHO-
ro. B ornomennu Candida albicans 30 Y%-Hblil ynbTpa3ByKOBOH KCTPAKT IBETKOB U 90 %-HEIN yIbTpa3By-
KOBOHM SKCTPAKT LBETKOB M JIUCThEB LIai(es CTEHHOrO MPOSBHIN ClIa0yI0 aKTHBHOCTb C 30HAMH 3a/ICPIKKH
pocta 12 £ 1 MM, 12+ 1 MM u 11 MM, cooTBeTCTBEHHO. B pe3ynbraTe u3 8 9KCTPaKTOB, BBIIEIECHHBIX YIbTPa-
3BYKOBOH aKTHBaIyeil, 2 moka3aan aHTHOAKTEpUATbHYIO0 aKTUBHOCTb B OTHOIIEHUH 4-X HCCIEIYEMbIX KYIlb-
Typ MHUKPOOPTaHU3MOB. BBUIO YCTAaHOBIEHO, YTO HCIOIb30BAHHE YIBTPA3BYKOBOM IKCTPAKIMU ITO3BOJISET
COKPaTHTh BPEMSI SKCTPAKIUH OHOJIOTHIECKH aKTHBHBIX BEIIECTB B 8—9 pa3 110 CPaBHEHHIO C TPaJUIHOHHBI-
MH C1II0co0aMH HKCTPaKIHN.

Kniouesvie cnoea: antnbakTepuaibHas aKTHBHOCTb, SKCTPAKTHI, YIBTPAa3ByKOBas SKCTPAKLUs, OaKTepuw,
JCKO-1U((y3HOHHBIA MEeTOA.
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