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ABSTRACT

The article deals with the problem of developing antibacterial drugs of plant origin, focusing on the
properties of the herb Speranskia Tuberculata (Bunge) Baill, which is still understudied.

The aim was to determine the antibacterial activity of preparations of the herb Speranskia Tuberculata
(Bunge) Baill, extracted with different solvents.

Materials and methodology. Crude extracts were obtained using four solvents: petroleum ether, ethyl
acetate, n-butanol, and aqueous solutions. Subsequently, the dried extracts were weighed and dissolved in
dimethylsulfoxide to prepare working solutions with 10 to 500 pg/mL concentrations. Colonies of three types
of bacteria, Staphylococcus aureus, Escherichia coli, and Propionibacterium Acnes, were used as the object
of the study. The degree of antibacterial activity was determined by measuring the antibacterial zone formed
after treating bacteria with different concentrations of extracts compared to the control group (treatment
with distilled water). In addition, the total content of phenolic compounds and flavonoids was determined by
chemical methods. Antioxidant activity, volume of the dry residue of crude extracts, and content of flavonoids
and phenolic compounds were compared with the results of liquid chromatography-mass spectrometry on the
presence of antibacterial substances in the extracts known from the literature.

It was shown that the ethyl acetate extract among the 4 studied extracts had a clearly expressed
antibacterial effect. The calculated value of IC, | for this extract varied between 112-135 pg/mL for different
bacteria. Other solvents did not show a pronounced antibacterial effect. The weakest effect was associated with
petroleum ether extracts. At the same time, the mass of the dry residue, when extracted with petroleum ether,
was the maximum among all solvents; on the contrary, with ethyl acetate, it was the minimum. Regarding
the content of phenolic compounds and flavonoids, the results of the studies were opposite; namely, the
maximum concentrations were characteristic of the ethyl acetate extract, and the minimum concentrations
were characteristic of the petroleum ether extract. According to the literature, twelve compounds found in
the extracts have pronounced antibacterial activity. Suppose the presence of an aromatic ring and a carbon-
linked hydroxyl group OH- is taken as the main sign of belonging to phenolic compounds. In that case, 8 of
12 invented antibacterial compounds belong to phenols and flavonoids.

Experimentally proven high antibacterial activity of preparations of the herb Speranskia Tuberculata
(Bunge) Baill based on ethyl acetate extracts. This property is related to the extract’s high content of phenolic
compounds and flavonoids.
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AHOTANIA

CrarTs TOpKaeThCs MpodeMu po3polIieHHs aHTHOAKTepiaIbHAX MIPenapaTiB POCIMHHOTO MTOXOKEHHS
i3 (hOKyCOM Ha BJIaCTHBOCTI TpaBu Speranskia tuberculata (Bunge) Baill, sika 10ci € MaI010CIiIKEHOO.

Mertoro Oyino BH3HAUCHHS aHTHOAKTEPiadbHOT aKTHBHOCTI MpemnapariB TpaBu Speranskia tuberculata
(Bunge) Baill, excTparoBaHux pisHUMH PO3YHHHHKAMH.

Cupi eKCTpaKTH OJepKyBalH 3a JONOMOTOI0 YOTHPHOX Pi3HMX PO3YMHHHKIB, a caMe NEeTPOJeitHOro
edipy, eTunamerary, H-OyTaHOIy, BOXHUX PO3YMHIB. Y MOAAIBIIOMY BHCYIIEHI €KCTPaKTH OyJIO 3Ba)KEHO
Ta TOTIM PO3YMHEHO B JUMETHIICYAb(POKCHII I IPUTOTYBaHHS POOOYMX PO3UMHIB 13 KOHLICHTPALISIMH BiJ
10 1o 500 mkr/mi. Sk 00’€KT IOCHiKEHHS BUKOPUCTAHO KOJOHII TPhOX BUAIB OakTepii — cragilokoka
30JIOTUCTOTO, KHIITKOBOI MAJIMYKH, MIPOITIOHOBOI OakTepii akHe. CTymiHb aHTHOAKTEpiabHOT aKTUBHOCTI BH-
3HAYaJIM B TPOIEC] BUMIPIOBAaHHS aHTHOAKTEePiaIbHOI 30HH, IO YTBOPIOBANACS Micis 00poOiIeHHs OakTepiit
PI3HIMH KOHIICHTPAIiSIMH €KCTPAKTIB, BITHOCHO KOHTPOJIBHOI TpyIH (0OpOoOIeHHS IUCTHITHOBAHOO BOJIOKO).
Ha nomatok, 3aranpHuif BMICT ()EHONBHHX CHONYK Ta ()IaBOHOIAIB OyJI0 BH3HAUEHO XIMIYHUMHU METOJa-
MH. AHTHOKCHJAHTHY aKTHUBHICTB, PO3Mip CYXOT0 3QJIMIIKY CHPHX €KCTPAKTIB, BMICT (hJIaBOHOINIB Ta de-
HOJIHHX CIIOJIYK IIOpPIBHSHO 3 pe3yJbTaTaMy piAMHHOI XpoMarorpadii-mac-clieKTpoMeTpii 100 HasIBHOCTI
B €KCTpaKTaX aHTHOAKTEpiaIbHUX PEYOBHH, BiJIOMUX i3 JiTeparypu.

[TokazaHo, 1110 eKCTPAKT eTUIIALIETATy cepeln 4-X MOCIIDKEHIX SKCTPAKTIB Ma€ YiTKO BUPKCHHN aHTHOAK-
Tepianbhuil edekt. Pospaxosana semuunna IC, | IS BOTO €KCTPAKTy BapiloeThes B Mexkax 112-135 mkr/mn
JuIst pi3HKX Gakrepiil. EkCTpakTH HIIMX pO3YMHHUKIB HE HPOSBISIOTH BUPAKEHOI aHTHOAKTepianbHOT Mii.
HaiicnaOmmii eexr moB’si3aHui 3 eKcTpakTaMu nerpoieiHoro edipy. OQHOYAaCHO Maca CyXOro 3aJIUIIKY
y pasi ekcTparyBaHHs METposieHHUM edipoM Oyrna MakCUMaJIBHOIO Cepell YCiX PO3UMHHHKIB, a eTHialera-
TOM — HaBIaKH, MiHiMasibHO. 1110710 BMicTy eHONBHUX CIOIYK Ta (IaBOHOINIB, pe3yNbTaTh A0CIIHKEHb
3BOPOTHI, a caMe MaKCUMalbHi KOHLEHTpAIil XapaKTepHi /Ul eTHIAaleTaTHOTO eKCTPAKTy, a MiHIMaJIbHi —
JUISL eKCTPAKTy nerponeliHoro edipy. B excTpakrax BusiBieHo 12 cronyk, siki, 32 JaHUMU JTITEPaTypH, MaloTh
BUpaXEHY aHTHOAKTepiaabHy aKTUBHICTb. SIKII0 HASBHICTh apOMAaTUYHOTO KUIBIIS Ta OB’ A3aHOT 3 ByIVIELIEM
rizpokcunbroi rpyn OH™ npHidHATH 32 OCHOBHY O3HAKY HAJEXKHOCTI 10 (eHOMbHUX CHONyK, Tomi 8 i3 12
BUHAWICHUX aHTUOAKTEepiaIbHUX CIOIYK HaJeXaTh 10 (eHONIB Ta (IaBOHOIMIB.

ExcriepuMeHTanbHO TOBENEHO BHCOKY aHTHOAKTepialbHY aKTHBHICTH IpemapariB TpaBu Speranskia
tuberculata (Bunge) Baill Ha ocHOBiI ekcTpakTiB eTminy arerary. L BIacTHUBICTh MOB’s3aHA i3 BUCOKUM
BMICTOM B €KCTPaKTi (DEHONBHUX CIIONYK Ta (hIaBOHOIIB.

Introduction

The invention of antibiotics was a real breakthrough in saving human life.
However, the events of recent years provide increasing evidence of a gradual
decline in the role of antibiotics in some areas of treatment. In widespread and often
excessive consumption of synthetic antibiotics, bacteria have acquired the ability to
adapt to the drugs and mutate quickly. Therefore, the use of known antibiotics and the
development of new synthetic agents is gradually losing importance as they quickly
become ineffective against multiresistant bacteria. Sooner or later, humanity will be
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unable to resist serious diseases, especially those caused by bacterial infections, if the
focus on creating new drugs is not transferred to the active involvement of medicinal
plants capable of providing the simultaneous synergistic effect of several biologically
active substances.

Medicinal plants can serve as a promising alternative to ineffective synthetic
antibiotics in the fight against infectious diseases [1, 2]. Phenolic compounds,
alkaloids, saponins, and terpenoids have shown significant antibacterial potential,
primarily through mechanisms of membrane disruption, protein binding, interference
with intermediate metabolism, and so on [ 1, 3]. However, such a transition is restrained
by insufficient study of the potential of medicinal plants, including the synergistic
effect of the simultaneous action of several active pharmaceutical ingredients (APIs).
Many new works on developing herbal medicines appear yearly [4—6]. However, the
potential for the development of herbal medicine remains undiscovered. Moreover,
in some cases, the production of herbal medicines requires certain changes in the
technological cycle [7].

The Chinese endemic herb Speranskia Tuberculata is a typical example of
this lack of study, even though the plant has been widely and successfully used in
Chinese traditional medicine for centuries. Almost 30 years ago, this plant’s first
studies of flavonoids appeared [8]. Accordingly, these results can be considered
the first and limited evidence of the promising application in areas where official
medicine recognises flavonoids as essential. Unfortunately, in the following years,
Speranskia tuberculata, remaining among the popular means of traditional Chinese
medicine, did not undergo significant coverage in the world’s scientific literature.
Only a few works appeared in recent years and decades [9-13]. It should be noted
that most of the publications aim to study medicinal properties. Research of the
chemical composition, detection of compounds acting as APIs, and manifestations of
synergistic effect remain at the initial stage [13].

Nevertheless, much needs to be done for further progress, especially bearing in
mind the complex chemical composition of the plant, the ambiguity of its interaction
with solvents, and the degree of manifestation of possible antibacterial properties
when interacting with various bacteria.

The work aimed to determine the antibacterial activity of preparations of the herb
Speranskia Tuberculata (Bunge) Baill, extracted in crude form with various solvents,
in the environment of three different widespread bacteria.

Materials and Methods

Dried Speranskia tuberculata (Bunge) Baill herbs were purchased from
Tongrentang Pharmacy Ltd. (Beijing, China). 4 solvents, namely petroleum ether
(hereafter PE extract), ethyl acetate (EA), n-butanol (n-But) and aqueous solution
(AS), respectively, were used for the production of crude extracts, as described in
detail in [13]. Dry residues at the stage of crude extraction preparation were carefully
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weighed. Further dissolution in dimethyl sulfoxide (DMSO) prepared working
solutions [13] with 10, 50, 100, 200 and 500 pg/mL concentrations.

Three kinds of bacteria were used to evaluate the antibacterial activity:
Staphylococcus aureus (SA), Escherichia coli (EC), and Propionibacterium Acnes
(PA). Bacterial colonies were prepared for the study as follows. Bacteria were taken
from a refrigerator at -80 °C. After thawing at room temperature (25 °C), 50 puL of
bacterial liquid was inoculated into a test tube. Then, 5 mL of culture medium was
added to it at a ratio of 100:1. The next step was incubation at 37 °C for 12 h. 100 pL
of the bacterial solution was placed on a plate with a solid culture medium, covering
it evenly. After standing for 12 min, the sterilised filter paper was attached to adhere
to the culture medium’s surface.

Determination of the antibacterial capacity of 4 types of extracts took place as
follows. Experimental samples were divided into 2 groups: control group (distilled
water) and sample groups (4 types of extracts, each with concentrations of 10, 50, 100,
200 and 500 pg/mL). 5 pL of solutions of different concentrations of extract samples
were taken and applied to filter paper for further drying in the solvent naturally.
The sample obtained this way was placed in a shaking incubator with a constant
temperature to observe the experiment’s results and measure after 12 h diameter of
the antibacterial zone (D).

Dsum‘p:as - Dconrro:

= 1009%

Antibacterial rate =
Dcon trol (1)

Dsampies refers to the diameter of the antibacterial zone of sample groups;
Deoneror refers to the diameter of the antibacterial zone of control groups.

In addition, the total content of flavonoids and phenolic compounds was
determined chemically. 0, 0.4, 0.8, 1.2, 1.6 and 2.0 mL of the standard rutin solution
were carefully pipetted into a 10 mL volumetric flask, and 2.0, 1.6, 1.2, 0.8, 0.4, and
0 mL of 60% ethanol solution were added respectively. After that, 0.5 mL of 5%
sodium nitrite solution was added, and the solution was shaken well. Then, it was left
to stand for 6 min; 0.5 mL of 10% aluminium nitrate solution was added and kept
for 6 min. 4.0 mL of 4% sodium hydroxide solution and 60% ethanol were added to
the volume, shaken well and left for 15 min. The absorbance value at 510 nm was
measured using a SpectraMax M5 spectrophotometer. The content of flavonoids in
each extract was checked according to the absorbance value. Total flavonoid content
was expressed in mg of rutin acid equivalents (RE) per gram of extract.

For phenolic compounds, 25 mg of gallic acid was accurately weighed, dissolved
in water, and made up to volume in a 250 mL volumetric flask to obtain a 0.1 mg/mL
standard stock solution. 0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 mL of standard
gallic acid solution were taken and placed in 25 mL stoppered test tubes. 1 mL of
folinol was added, shaken well, and 2 mL of 12% Na,CO, solution was added. It was
brought to 25 mL with water and shaken well. Absorbance values were measured at
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a wavelength of 765 nm using a SpectraMax M5 spectrophotometer after reaction
in a dark environment at room temperature for 2 h. Then, the content of phenolic
compounds in each extract was checked according to the absorbance value. The total
content was expressed in mg of gallic acid equivalents (GE) per gram of extract.
Liquid chromatography-mass spectrometry using a tandem QTOF-LC/MS
(Agilent Technologies, USA) was applied to characterise the chemical composition
of extracts. The separation of compounds was achieved on Waters Cortecs C18
2.1*50 mm 1.7 um column in gradient mode. Mobile phase A (water with 0.1% formic
acid) and mobile phase B (methanol) were set as follows: 70%A—-30%B (0—7 min),
60%A—-40%B (7-17 min), 20%A-80%B (17-26 min), 10%A-90%B (26-31 min),
with 4 min balance back to 90%A—-10% B. The injection volume was 20 uL, and
the flow rate was 0.3 ml/min. The mass spectra were acquired in ESI negative mode
(100-1 500 m/z). The parameters were as follows: drying gas (nitrogen) with a flow
rate of 15 L/min; sheath gas temperature 350 °C, flow rate 12 L/min; voltage 3200 V.

Results and Discussion

The values of the antibacterial rate measured and calculated according to
equation (1) depending on the concentration of extracts of different origins are shown
in Fig. 1 to suppress the bacteria Staphylococcus aureus (a), Escherichia coli (b)
and Propionibacterium acnes (c). Only the extracts obtained with the help of EA
show a clearly expressed antibacterial effect. For these extracts, the IC, values can
be determined, which were equal to 120, 135 and 112 pg/ml, respectively, for SA,
EC and PA bacteria. For all other extracts, the IC, value was unattainable. The EC
species was the most resistant to EA extracts among the studied bacteria.
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Fig. 1. Antibacterials rates for 4 kinds of extracts in the different bacteria media:
a — Staphylococcus aureus, b — Escherichia coli, ¢ — Propionibacterium acnes

At the opposite pole (with minimal antibacterial effect), PE extracts were found
on all three types of bacteria. The antibacterial rates ranged from a few units to 10%
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for all bacteria and PE concentrations, indicating their negligible antibacterial effect.
The figures for other extracts varied between a minimum and a maximum, usually
between 10 and 30%. In no case was the IC,  achieved.

Research on the composition of Speranskia tuberculata extracts is at the very
initial stage [13], so there is no clear answer as to which processes are behind the
better antibacterial activity of EA extracts. Nevertheless, Fig. 2 contains additional
information, where experimental data on the value of the dry residue of raw extracts
and the measured values of the total flavonoids and phenolic compounds in them
are given.

It is noticeable that the amount of dry residue at the preparation stage of raw
extracts was maximum when PE was used. However, it did not provide antibacterial
activity. The data on the dry residue (Fig. 2, a) contradict the results of the study
of the content of phenols (Fig. 2, ) and flavonoids (Fig. 2, ¢). According to these
indicators, EA extracts were in the lead, which at the same time had the highest
antibacterial activity. Conversely, PE extracts were characterised by a large dry
residue and, at the same time, low amounts of flavonoids and phenols and the
lowest antibacterial activity.
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Fig. 2. The dry residues (a — in g/100g), total contents of phenolic compounds
(b — in mg/GE/g) and flavonoids (c — in mg/RE/g) extracted with 4 different
solvents

The results of tandem liquid chromatography-mass spectroscopy provide more
information. The samples of PE and EA extracts were studied. The spectrum separation
and registration conditions were as similar as possible; the same instrument was used
in both cases. The amplitude of the most intense peaks of EA and PE extracts was
about 10° arbitrary units (au). The smallest peaks in amplitude varied at the level of
10° au. The probability of false identification increases as the peak amplitude decays
due to the increased influence of noise and the masking of smaller satellite peaks by
interference. Therefore, only the most intense peaks, the intensity of which varied
within 10*-10° au, were further analysed.

A characteristic feature was approximately twice the number of PE peaks of the
extract in the given intensity interval, which generally correlates with almost twice
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the volume of the dry residue. Substances, especially APIs, inherent in the herb
Speranskia tuberculata have practically not been studied in the literature. Therefore,
attention was drawn to the literature to answer the question of which substances form
antioxidant activity. The analysis of the obtained spectra made it possible to identify
12 compounds, which, on the one hand, had intense peaks in the extracts. On the
other hand, as evidenced by literature data, these compounds showed antibacterial,
antimicrobial and antifungal effects in preparations of other plants. Identified
compounds are shown in Table 1.

Table 1

Compounds were detected in PE and EA extracts by LC/MS with apparent
antibacterial activity, as shown in [Source].

Chemical classification was done by [14]

Compound Detected in Superclass Class Subclass Source
extracts

Linoleyl acetate EA Lipids & lipid-like Fatty Acyls Fatty alcohol [15]
molecules esters
Lignans, neoli-

Aschantin EA,PE |gnans & related  |Furanoid lignans |Na [16]
compounds

3,5-Dimethyl-4-me- . Benzene & substi- [Benzoic acids

thoxybenzoic acid EA, PE | Benzenoids tuted derivatives & derivatives (171

(E)-3-Me-

thoxy4- 4,5-r.nethy-. PE Organoheterocy- Benzodioxoles Na [18]

lenedioxycinnamic clic compounds

aldehyde

14-Methy} hexade- EA Lipids & lipid-like Fatty Acyls Fatty acids & [19]

canoic acid molecules conjugates

(E)-4-(1,5-Dimeth- . s .

yl-3-ox0-1-hexenyl) PE Lipids & lipid-like Prenol lipids Sesqglter— [20]

L molecules penoids

benzoic acid

Filicinic acid EA, PE Orgam.c acids & Vinylogous acids |Na [21]
derivatives

Ethyl heptadeca- PE Lipids & lipid-like Fatty Acyls Fatty acid [22]

noate molecules esters

(2R73R)_(+)'4'957 :

7-Trimethoxy- PE gchegi]lireﬁﬁit;mds Flavonoids Flavones [23]

dihydroflavonol POty

Haploperine PE Organoheterocy— Qu{nohnes & Euranoqulno- [24]
clic compounds  |derivatives lines

Alpha-Narcotine PE A@kalmds & deriv- Phthallde isoquin- |\ [25]
atives olines

Mycosinol PE Organic oxygen |Organooxygen Ethers [26]
compounds compounds
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Organic compounds, as you know, differ in diversity, so it is not easy to classify
them. The work [14] proposed the principles of classification, which made it possible
to build a single chemical classification system for tens of millions of organic
compounds. At the same time, the proposed system assigns different chemical classes
to some compounds that, from the point of view of their pharmaceutical action, have
similar structures and properties. In pharmaceutical chemistry, such compounds are
often clustered together.

The determining factor of phenolic compounds is a hydroxylated aromatic ring
and a hydroxy group attached directly to phenyl. Note that most of the compounds
from Table 1 have an aromatic ring and an attached OH" group. Accordingly,
structurally and from the viewpoint of critical characteristics, they can be attributed to
phenolic compounds. More precisely, 8 out of 12 compounds with high antibacterial
activity are related to phenolic compounds and flavonoids. This situation explains
the experimental fact that EA extracts, which have the maximum total content of
phenolic compounds and flavonoids, are simultaneously characterised by the highest
antibacterial activity.

It should be said that at this stage, it is impossible to say which compound has a
vital role in the formation of antibacterial activity. Other than that, there are several
such compounds, and their synergistic effect dominates practice. The latter is a typical
phenomenon in herbal medicines, so further research should clarify this issue more
precisely.

Conclusions

1. Four solvents were studied for the extract with the greatest antibacterial effect.
Ethyl acetate extract shows high antibacterial activity (for different bacteria, the value
of IC, varies in the range of 112-135 pg/mL), while the other three studied extracts
remain 1nactive.

2. The antibacterial activity of different solvent extracts is proportional to the total
content of flavonoids and phenolic substances. It shows an inverse dependence on the
volume of the dry residue of the crude extract.

3. In analysing the most intense mass peaks of the extracts using liquid
chromatography-mass spectroscopy, 12 substances were identified, which, according
to literature data, have antibacterial properties. If belonging to phenolic compounds is
assessed by an aromatic group with a hydroxyl group OH" connected to carbon, then
8 out of 12 compounds found belong to phenols and flavonoids.
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