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IHOPOPMALIA AHOTAUIA
Hagiiwna po pegakuii / Received: The aim of the work. To identify the most considerable bioactive compounds in
10.01.2024 the Speranskia tuberculata (Bunge) Baill extracts and study their effect on the
Micna poonpavtoBaHHA / Revised: viability of cancer cells of various origins.
20.02.2024 Materials and Methods. The extracts from the Speranskia tuberculata herb were
MpuitHaTo fo apyky / Accepted: prepared using ethyl acetate and petroleum etherinthe 12.5-75 pg/mL concentration
26.02.2024 range. The presence of compounds in the extracts was investigated by the tandem
high-performance liquid chromatography-mass spectroscopy (LC/MS) method.
KnrouoBi cnoBa: The MTT cytotoxicity test was used to evaluate the effectiveness of extracts
Speranskia tuberculata (Bunge) on five commercially available cell lines: A549 (human lung adenocarcinoma),
Baill; HEPG2 (human hepatocellular carcinoma of the liver), A375 (human malignant
ethyl acetate extract; melanoma), HELA (human pancreatic carcinoma), and RAW264.7 (macrophage-
petroleum ether extract; like cell line from mice transformed with Abelson's leukemia virus).
LC/MS; Results and Discussion. The peaks of about 300 compounds were identified
cancer cell lines; in the mass spectra. Fifty-six compounds with the largest peaks were
MTT cytotoxicity test. investigated from the point of view of manifestations of anticancer, antitumor,

antioxidant and anti-inflammatory activity known from the scientific literature.
Only 35 of the 56 compounds have a documented effect on the listed
diseases; another 15 compounds are active on other diseases, and 6 showed
no pharmacological activity. Of the 35 compounds belonging to 10 chemical
classes, alkaloids, lipids, and polyphenols dominate. Chemical reactions for
phytochemical screening of chemical classes found in extracts are presented.
In MTT tests, the viability during treatment of 4 out of 5 cell lines significantly
decreases with increasing concentration of extracts. Only RAW264.7 cells
were stable — their viability did not fall below 75-85 %. Ethyl acetate extracts
were the most effective. They maximally reduce viability to 18 %, and the IC,
of this extract for all cell lines varied between 49-53 ug/mL. For petroleum
ether, the IC,, of three lines was 65-74 pg/mL (for A375, the approximate
value reached 114 pg/mL).

Conclusions. Several hundred compounds were identified in the extracts from
the Speranskia tuberculata herb using LC/MS. It was found in the scientific
literature that certain compounds possess anticancer, antitumour, antioxidant,
and anti-inflammatory effects. The MTT tests showed that the studied extracts
significantly reduced the viability of cancer cells in four lines.
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Introduction. Herbal remedies derived from plants
are a crucial source for developing new drugs, such as
active pharmaceutical ingredients (APIs). There are sev-
eral reasons why herbal remedies are important. Firstly,
there are vast areas around the world with a wide variety
of plants, some of which have yet to be explored. This is
particularly true in Asia, where there is a rich tradition of
developing traditional medicines, such as Traditional
Chinese Medicine (TCM) and Indian medical practices
[1]. Consequently, traditional medicine often evolves
faster than pharmaceutical science. Many pharmaco-
poeias don't include plants that have been used in tradi-
tional medicine for centuries.

The reason of such a situation lies in the poor research
of the abovementioned plants. Chinese plant Speranskia
tuberculata (Bunge) Baill (Euphorbiaceae Juss.) is a ty-
pical example. It is a perennial herbaceous plant that is
endemic to Northeast China and grows on grassy slopes,
meadows, or thickets, usually in dry places, 300-1900 m
in height [2, 3]. Speranskia tuberculata is a drought-resis-
tant plant. Hairy spherical buds along the stem produce
tiny white flowers. On the one hand, it is a well-known
plant for use in TCM. On the other hand, it is still not
listed in the Pharmacopoeia of the People's Republic of
China, let alone in the Pharmacopoeia of Ukraine.

Although Speranskia tuberculata is not included in
the International Union for Conservation of Nature's
(IUCN) Red List of Endangered Plants, its range is de-
creasing. First of all, it is due to the gradual intensifi-
cation of agriculture. Accordingly, there are fewer and
fewer areas of natural, wild growth of this plant. Never-
theless, it is pretty widespread in many Chinese provinces,
such as Anhui, Hebei, Henan, Jilin, Liaoning, Nei Mon-
gol, Ningxia, Shaanxi, Shandong and Shanxi [3].

The following example illustrates the fact that the po-
tential of traditional medicine is far from being fully used.
Within TCM, the role of Speranskia tuberculata is well
known for treating several diseases. For example, this
plant is believed to be effective in treating various types
of cancer [4, 5, 6]. In addition, it is used as an antioxidant
[7, 8]. Preparations based on this plant have an antibac-
terial or antimicrobial effect [9, 10]. The means also act
as analgesics, anti-inflammatories, and antipyretics [11].
In addition to those listed above, it is known that prepa-
rations from Speranskia tuberculata treat various arthri-
tis diseases. Still, the topic of the article does not refer to
this area.

At the same time, with a profound experience of prac-
tical application, little is known about the mechanisms of
medicinal action of the plant, including active pharma-
ceutical ingredients [12]. Except for separate works that
prove the presence of various types of flavonoids in
preparations from Speranskia tuberculata [13, 14], the
plant is practically unexplored at the level of modern
pharmaceutical science.

Thus, on the one hand, there are examples of the ef-
fectiveness of using preparations from this plant in treat-

ing a wide range of diseases. On the other hand, very
little is known about the bioactive compounds in the
plant, which means the possible mechanisms of the
plant's action on diseases.

This study aimed to identify the most considerable
bioactive compounds in the Speranskia tuberculata ex-
tracts and study their effect on the viability of cancer
cells of five lines.

Materials and Methods. The work examines extracts
of the herb Speranskia tuberculata (Bunge) Baill. In the
People's Republic of China, many companies specialise
in supplying traditional Chinese medicinal plants and
distribute Speranskia tuberculata under the Chinese
name Tou Gu Cao. Plant samples are usually obtained
using the principles of Good Manufacturing Practices
and Quality Testing. They are cleaned of foreign impuri-
ties and have confirmation of belonging to a biological
species. Dried Speranskia tuberculata (Bunge) Baill
herbs were purchased from Tongrentang Pharmacy Ltd.
(Beijing, China). In particular, the genus/species were
confirmed by Dr. Liwen Han, a botanist and expert in
traditional Chinese herbal medicine. A sample (vouch-
er# 2017-012-TGC) of the Tou Gu Cao used in this study
has been kept at the Qilu University of Technology for
further analysis/verification.

At the same time, the herb has not yet been entered
into the Pharmacopoeia of the People's Republic of Chi-
na. Accordingly, the number of indicators (for example,
available biologically active compounds and their con-
tent) that can affect the quality of herbal medicines is
limited.

The Chinese herbal medicine Tou Gu Cao was
crushed to 20 mesh by a crusher, and the experiment
was carried out according to the liquid-solid ratio of 1 to
10. Two solvents were tested for extract preparation.
The Soxhlet extractor was used to extract herbs using
analytically pure ethyl acetate (EA) and petroleum ether
(PE) produced by Tianjin Fuyu Fine Chemical Co., Ltd.

The powder was weighed 50 g, and the filter paper
was wrapped in the bottom of the Soxhlet extractor.
50 mL ethyl acetate or petroleum ether was added into
the Soxhlet extractor flask and extracted at 72 °C for four
hours. After cooling to room temperature, the ethyl ace-
tate (or petroleum ether) extract was centrifuged at
6000 RPM for 5 min, and the supernatant was collected.

Tou Gu Cao extracts were characterized by liquid
chromatography-mass spectrometry using a tandem
QTOF-LC/MS (Agilent Technologies, USA). In this tan-
dem instrument, a high-performance liquid chromato-
graph column is used as a separation system, and a
quadrupole time-of-flight mass spectrometer (QTOF-
MS) is used as a detection and identification system for
individual ions and molecules. Thus, the instrument ge-
nerally has high separation in liquid chromatography
and high sensitivity in mass spectrometry.

The separation of compounds was achieved on Wa-
ters Cortecs C18 2.1*50mm 1.7 ym column in gradient
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mode. Mobile phase A (water with 0.1 % formic acid)
and mobile phase B (methanol) were set as follows:
70%A-30%B (0-7min), 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 (100-1500 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.

Five commercially available cell lines A549 (human
lung adenocarcinoma), HEPG2 (human hepatocellular
liver carcinoma), A375 (human malignant melanoma),
HELA (Human pancreatic carcinoma) and RAW264.7 (a
macrophage-like, Abelson leukemia virus-transformed
cell line derived from BALB/c mice) cells were used in
this study. Cell culture media contains different concen-
trations of buffers, inorganic salts, glucose, amino acids,
vitamins, and numerous bioactive compounds. All cells
were cultured in DMEM (Dulbecco's Modified Eagle Me-
dium) + 10 % FBS (Fetal Bovine Serum) medium.

Cells were cultivated in dishes for cell cultivation with
a diameter of 10 cm. The box for cultivation was kept at
a constant temperature of 37°C and CO, concentration
of 5 %; according to cell growth conditions, fluid ex-
change or passage was applied every two or every other
day. Cultured cells were passaged in different ways ac-
cording to various cells. Adherent cells were passaged
by digestion. Part of the adherent growth but not firm
cells can also be passed by direct blowing. Suspended
cells can be separated and passaged by direct blowing,
centrifugal precipitation, or natural sedimentation to re-
move the supernatant and then blow and passaged. The
cell counting method was used to understand the growth
state of cultured cells and determine the biological ef-
fects of medium, serum and drugs if necessary.

The extraction and concentration of 100 g Speranskia
tuberculata (Bunge) Baill allowed one to obtain EA-
based crude extract weighing 1.53 g and PE-based
crude extract weighing 3.63 g. The concentrated ex-
tracts were dissolved in dimethyl sulfoxide to prepare a
50 mg/mL solution for the cell model experiment.

MTT cytotoxicity test was used to detect whether the
extracts of different concentrations have killing effects
on five types of tumour cells. MTT assay (3-(4,5-dimeth-
ylthiazol-2yl)-2,4-diphenyltetrazolium bromide, manu-
facturer - Sigma-Aldrich) is a simple and reliable method
for preliminary evaluation of anticancer agents [15]. Five
tumour cells were stimulated with different extract con-
centrations — 12.5 to 75 pg/mL.

The experimental principle was as follows. MTT can
react with succinate dehydrogenase in living cells' mito-
chondria to form blue-purple crystalline formazan, which
is insoluble in water deposited in living cells. The blue-vi-
olet formazan has a particular absorption peak at 492 nm
after being dissolved in dimethylsulfoxide (DMSO).

Pharmacological researches of biologically active substances

When the number of collected cells was within a specific
range, the number of living cells was proportional to the
absorbance after the dissolution of formazan. Cell viabil-
ity was calculated according to the following formula:

Cell viability, % = j— x 100 % 1)
1]

where A, is the absorbance of samples of the experi-
mental group with concentrations x, and A, is the absor-
bance of the blank control.

The experimental steps in MTT tests are as follows.
Each of the five studied cells was spread in a 96-cell
plate, diluted to 0.5-1x10* well with DMEM + 10 % FBS.
They cultured for 24 h (37°C, 5% CO2). The extract
sample was added to stimulate the cells when the cells
were entirely adherent. The extracts were added 12.5,
25, 37.5, 50, 62.5 and 75 ug/mL, and the culture system
was 100 pL per well.

Three replicate wells were set in each group, with the
control wells (only cells and growth medium). 100 pL of
a buffer solution of phosphate-buffered saline (PBS)
was added to the outermost hole of the plate.

Remove the medium containing the sample, add the
appropriate amount of PBS to clean two times, then add
100 pL medium containing 0.5 % MTT (5 mg/mL) per
well, and continue to culture for 3—4 h. Remove the me-
dium containing MTT and buckle the 96-well plate on
clean paper three times. 100 yL DMSO was added to
each well for 10 min, and the cell lysate's absorbance
was measured at 492 nm. At this stage, the viability of
cells is calculated by equation (1).

All experiments were repeated three times for each
extract. The t-test was used to compare groups. It was
shown that for all cell lines except RAW264.7, the level
of viability after treatment with Speranskia tuberculata
extracts of all concentrations showed a statistically sig-
nificant difference at the level of at least p < 0.05 com-
pared to the control (untreated) samples.

Results and Discussion. As a result of the LC/MS
research, the peaks of almost 300 organic compounds
detected in the extracts were identified. The distribution
of compounds' mass spectra found in PE extracts is
shown according to their peaks' decreasing intensity in
Fig. 1a.

If we take 100 % of the intensity of the spectrum of the
compound with the largest amplitude, then the 40th
spectrum in a row is only 10 % of the maximum. The in-
tensity of the peak of the 56th-ranked compound is
6.5 % of the maximum. An overview of the mass spec-
trum of compounds with the 56 most intense peaks is
shown in Fig. 1b. The mass range for these compounds
is from 136 to 737 Da. The compounds are most dense-
ly located in the 180-220 Da mass range.

Since there are no other reasonable assumptions
about the importance of certain compounds as APIs, the
analysis started with the compounds with the most in-
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Fig. 1. Detected in PE extracts 300 mass-spectra arranged following their peak intensities in arbitrary units (a) and the
intensities of 56 most intense peaks (b) as a function of m/z (in Da).

tense mass spectra. As a rule, the intensity of the peaks
correlates with the concentration of the substance.
Therefore, it can be hoped that the analysis of the most
intense peaks is identical to the study of compounds
with the highest concentrations in the extract. It gives
reason to expect that those with significant pharmaco-
logical effects may exist among the studied compounds.
This approach is only the first step in learning a lit-
tle-studied plant. In the future, it is necessary to include
less and less intense peaks in the analysis.

The first 56 compounds with the most intense peaks
were classified by chemical classes, as is customary in
pharmacognosy. Based on the analysis of literature
data, diseases were determined for which each identi-
fied compound demonstrated the potential for pharma-
ceutical influence. Among many diseases, only a few of
the most relevant, similar in nature, manifestations and
treatment methods have been selected. They were
grouped according to 4 directions, and known examples
of the action of compounds are divided into anticancer
(further on in the tables marked as 1), antioxidant (2),
antitumour (3), and anti-inflammatory (4). The literature
did not refer to Speranskia tuberculata, for which practi-
cally no documented observations exist. Compounds
affecting other diseases (arthritis, antibacterial, antimi-
crobial and neuroprotective effects) were out of the arti-
cle's focus. Such cases will be referred to as other activ-
ities and will not be discussed further. Table 1 illustrates
part of the analysis and contains information only for the
first twenty of the 56 compounds, as the publisher re-
quires to reduce the number of literature references as
much as possible.

Looking at the complete list of compounds analysed,
15 out of 56 have API potential to treat diseases outside
the paper's focus. For the other 6 out of 56 compounds,

no signs of their action as APIs were found. Accordingly,
they do not contain bioactivity records. Other 35 com-
pounds have documented information about their posi-
tive effect on the four groups of diseases mentioned
above.

Table 2 illustrates the chemical classification of iden-
tified compounds by classes based on the presence of
pharmacologically active compounds in raw medicinal
plant materials. This classification is quite conditional
since there are always several groups of biologically ac-
tive compounds in the raw materials, and it is not always
known which of them has a therapeutic effect in a partic-
ular herb. Nevertheless, it helps to determine the domi-
nant classes of compounds in Speranskia tuberculata.
In addition, the analysis made it possible to create,
based on [33, 34, 35, 36], a list of generally recognised
phytochemical screening methods relevant to Sper-
anskia tuberculata extracts. Their application should be
a helpful next step to confirm the main classes of com-
pounds in the extracts and identify active APIs discov-
ered by LC/MS.

As can be seen, 35 compounds identified in Spe-
ranskia tuberculata extracts and have the potential to be
used as APlIs are classified into ten classes. The largest
number of compounds is the class of alkaloids (10 com-
pounds or 28.6 % of the total number of potential APIs).
Next, regarding the number of compounds, the classes
of lipids and polyphenols have 6 and 4 compounds, re-
spectively.

The three classes mentioned contain 20 compounds
or more than 57 % of the total. At the opposite pole are
the classes of lactones and coumarins. Each of them is
represented by only one compound.

Figure 2 illustrates the concentration-dependent ef-
fect of Speranskia tuberculata extracts on the viability of
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Identified 20 compounds with the most intense peaks and bioactivity cited according to the literature data

Identified compound Compound class Inte::‘,lty, Mc:;zcsuslar Puté:cllgem Blﬁgclit;\:rtgtg%m
(+)-Sesamin Polyphenol 4854176 | 354.1 72307 2, 3 from [16]
Glabrone Flavonoid 4854176 | 336.3 5317652 | 2, 4 from [17]
11-Eicosenoic acid (or gondoic acid) Lipid 3477396 | 310.3 5282768 |1, 4 from [18]
Tylophorinidine Alkaloid 3027625 | 365.4 161749 1 from [19]
Corynoxeine Alkaloid 3027625 | 382.2 44568160 | 1 from [20]
Anti-isorhynchophylline N-oxide Alkaloid 3027625 |400.2 2, 4 from [21]
(+)-Myrtenyl acetate Volatile oil 2979411 | 194.1 61262 2 from [22]
Annotine Alkaloid 2950868 | 275.3 442468 4 from [23]
Codamine Alkaloid 2770196 |343.4 20056510 | Other activity
Cephalofortuneine Alkaloid 2770196 |361.4 625285 1,2, 4 from [24]
4-Prenyldihgdropinosylvin (miltirone) Polyphenol 1753168 | 282.2 160142 1 from [25]
Jacaranone Quinone 1694648 | 182.1 73307 1 from [26]
Rehmaglutin C Glycoside 1694648 | 200.1 21637649 | 2, 3 from [27]
9-Deacetyl-9-benzoyl-10-debenzoyl Volatile oil 1461323 | 514.6 1 from [28]
brevifoliol
Calactin Carbohydrate 1461323 |532.6 441849 1 from [29]
Paeonilactone A Lactone 1222949 | 198.2 10081437 | 1 from [30]
3,5-Dimethyl-4-methoxybenzoic acid Phenylcarboxylic acid | 1222949 | 180.2 88944 Other activity
3,5-Dihydroxybenzoic acid Phenylcarboxylic acid | 1163814 | 154.1 7424 Other activity
1-Ethyl-4,8-dimethoxy-beta-carboline Alkaloid 884227 256.1 5317243 |1, 4 from [31]
Protostephanine Alkaloid 876922 357.4 632119 2, 4 from [32]

Table 2

Distribution by classes of the number of identified compounds with API potential and responses of phytochemical
screening reactions to identify these classes

Name of test

Observed changes

1

2

The class of alkaloids covers 10 of 35 compounds (28.6 %); reactions for phytochemical screening are:

Tests by: Hager

Hager's reagents form a colour (yellow or creamy white) complex.

Dragendroff/Kraut With Dragendorff's reagents, a reddish-brown precipitate falls out.
Mayer/Bertrand/Valser | With Mayer's reagent, a creamy white/yellow precipitate is formed.

Wagner A reddish-brown precipitate is formed with Wagner's reagent.

Hager Hager's reagents form a colour (yellow or creamy white) complex.

Ehrlich With Ehrlich's reagent, two separate yellow and brown coloured layers are formed.

The class of lipids includes 6 of 35 compounds (17.1 %); reactions for phytochemical screening are:

Sudan's test

The sample is treated with Sudan Il or Sudan IV solution. A red colour is formed.

Emulsion test

Take the sample and mix it with equal volumes of ethanol and water, followed by shaking it. A
cloudy white emulsion will form if lipids are present.

The class of polyphenols includes 4 of 35 compounds (11.4 %); reactions for phytochemical screening are:

lodine test

A few drops of dilute lodine solution form a transient red colour.
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Continuation of Table 2

1

2

Lead acetate test

A white precipitate is formed with a 10 % lead acetate solution.

Boronic-citrate reaction

When reacting with boric acid and citrate, a red or pink colour is formed

Phthalein dye test

The pink colour solution shows the presence of polyphenol.

The class of glycosides includes 3 of 35 compounds (8.6 %); reactions for phytochemical screening are:

Baljet's test

A drop of Baljet's reagent changes colour into yellow-orange.

Keller-Killani test

After adding methanol, alcoholic KOH, and 1 % alcoholic 3,5-dinitrobenzene to the extract
and heating, a disappearing violet colour is observed.

The class of flavono

ids includes 3 of 35 compounds (8.6 %); reactions for phytochemical screening are:

Alkaline reagent test

The addition of 2 % NaOH solution changes colour to intense yellow. It becomes colourless
with the addition of drops of dilute HCI acid. The addition of 10 % ammonium hydroxide
solution leads to the appearance of yellow fluorescence.

Shinoda's test

Fragments of magnesium ribbon are added to the extract (dissolved in alcohol) with a few
drops of concentrated HCI. A pink to crimson coloured solution {flavonals}

Shibata's
Cyanidin test

reaction/

After dissolving ag. extract in 50 % methanol and heating, add metal magnesium with conc.
HCI, and observe red colour {flavonols}, or orange colour {flavones}.

The class of quinon

es includes 3 of 35 compounds (8.6 %); reactions for phytochemical screening are:

Alcoholic KOH test

Adding alcoholic potassium hydroxide changes the extract's colour from red to blue.

Concentrated HCI test

Concentrated HCI changes the extract colour to green.

Sulphuric acid test

Adding the conc. H,SO, to extract dissolved in isopropyl alcohol changes its colour to red.

The class of carbohyd

rates includes 2 of 35 compounds (5.7 %); reactions for phytochemical screening are:

Molisch's test

A purple ring is observed after adding alcoholic a-naphthol and concentrated H,SO,.

Barfoed's test

After adding Barfoed reagent & heating, brick-red precipitate {monosaccharides} formed.

Seliwanoff's Test

Adding Seliwanov's reagent & heating the water bath causes a pink-red colour {ketoses}

The class of volatile oils covers 2 of 35 compounds (5.7 %); reactions for phytochemical screening are:

Reaction with Sudan Il
solution

A thin slice is placed in Sudan Il solution for some minutes, then transferred to water or
glycerine. The volatile oil turns green. Screening is hindered by fats (change colour to red)

Fluorescence test

Filtrate saturation extract and expose it to UV light to see bright pinkish fluorescence.

The class of coumar

ins includes 1 of 35 compounds (2.9 %); reactions for phytochemical screening are:

NaOH test

Alkalis form a yellow-pink salt of o-coumaric acid when diluting, after which they are restored
to their original state when acidified or saturated with carbon dioxide.

NaOH paper test

Observed yellow fluorescence of paper treated with 1IN NaOH, which was used to cover a
tube of heated extract

The class of lactones includes 1 of 35 compounds (2.9 %); reactions for phytochemical screening are:

Kedde's reaction

When 3,5-dinitrobenzoic acid is added, a purple-red colour is formed.

Legal's reaction

A red colour occurs when sodium nitroprusside is added.

Ballier's reaction

Under the action of picric acid, cardenolides turn red-orange.

The subtotal is 35 identified compounds (100 %) active in 4 targeted disease groups.

15 more identified compounds are not considered because they have activities other than those that target

diseases.

No API potential has 6 more identified compounds.

Total

56 compounds were analysed in EA and PE extracts

cancer cells of different lines. For each of the five cell

lines, comparative data o
on PE and EA are given.

Based on Fig. 2, two main conclusions are suggest-
ed. First, in most cases, exposure to extracts significant-
ly decreases the viability index with increasing extract

n the effects of extracts based
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Fig. 2. Dependence of the viability of cancer cells of different lines on the concentration of Speransky Tuberculata
extracts based on PE and EA.

concentration. The only exception is the effect on
RAW?264.7 cells, which was considerably less than on
other cultures. Unlike other used cell lines, representing
various types of human cancer cells, RAW264.7 cells
are a semi-adherent macrophage-like cell line derived
from BALB/c mice, which was transformed by the Abel-
son leukemia virus. These cells are commonly used as
a model of mouse macrophages for the study of cellular
responses to microbes and their products. However, it is
impossible to say why RAW264.7 cells were more resis-
tant to the effects of Speranskia tuberculata extracts at
this research stage.

Second, in all investigated cases, the viability decline
rate in EA solutions was higher than in PE. In other
words, EA extracts proved to be more effective. It is
worth noting that for some cells, the effect of EA is sig-
nificantly accelerated at certain stages of increasing
concentration. For example, for A549, such an accelera-
tion begins after a concentration of 25 pyg/mL and be-
comes evident after 37.5 pyg/mL. For A375 and HEPGZ2,
the picture looks similar, with additional acceleration af-
ter 37.5 yg/mL. The picture is less apparent for the
HELA line since the acceleration is more monotonous.
Still, with increasing concentration, the action of the ex-
tract always occurs at a higher speed.

For PE, the influence of the concentration of Sper-
anskia tuberculata looks much closer to linear. That is, it
depends less on the concentration interval. If there is

any acceleration, it occurs only in the last concentration
interval (62.5-70 pg/mL).

The enhancement of the extract effect is most proba-
bly due to increased concentrations of certain bioactive
compounds. Therefore, EA can extract more compounds
from Speranskia tuberculata than PE. It is known that
the extraction of bioactive compounds is influenced by
the polarity of the solvent [37], and the effect is the oppo-
site for different classes of compounds. Thus, according
to [37], the extraction of flavonoids and phenolic com-
pounds decreases with increasing polarity of the sol-
vent. Conversely, with increasing polarity, there is an in-
crease in total extraction yield, antioxidant activity, and
free radical scavenging activity, which can be explained
by the high affinity of antioxidant compounds to more
polar solvents than non-polar ones. One may suggest
that phytochemical compounds extracted in polar sol-
vents are pharmaceutically more critical, at least due to
comparatively higher values of antioxidant activity, re-
ducing properties and free radical scavenging activity.
The polarity index, a relative measure of the degree of
interaction of the solvent with various polar test solutes,
known as polarity, is significantly higher for EA than the
polarity of PE: 4.4 versus 0.1 [38]. Accordingly, the better
extractive capabilities of EA do not contradict the above
literature data.

The consequence of the greater effectiveness of EA
is the level to which it was possible to reduce the viabili-
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ty of cancer cells for a given concentration interval of the
extracts. Thus, for the HELA and HEPG?2 lines, viability
dropped from 100 % to 13-15%, and for the A549 and
A375 lines, it fell to 19-28 %. There is always a more
significant decrease in viability than PE, for which the
residual level of viability is always at the level of 35—
62 %, i.e., 22—-35 % higher than in EA.

Usually, the half-maximal inhibitory concentration IC_,
value is used to evaluate the effectiveness of a particular
drug. IC, indicates how much of a drug is needed to in-
hibit a biological process by half, thus providing a mea-
sure of the potency of an antagonist drug in pharmaco-
logical research. IC_, values (Fig. 3) were calculated by
approximating the experimental curves from Fig. 2.

For Raw 246.7 cells, the value of IC_, seems unattain-

50
able for the studied concentration interval. Therefore, it

120

is not shown in the graph. As we can see, for EA, IC_,
values are relatively weakly dependent on the extract
concentration, varying for different cell lines between 49
and 53 pyg/mL. Nevertheless, a slightly lower value of
IC,, is observed for HELA and the highest value for
A375. Therefore, HELA cells are the most sensitive
among these five cells to stimulating crude extracts with
ethyl acetate.

For PE-based extracts, IC ; values for all cells are
higher than for EA extracts, and they markedly increase
when going from HELA to A549 and further to A375. In the
case of cells of the A375 line, the value of IC_, was condi-
tionally calculated by linear approximation beyond the
studied concentration interval of 12.5-75 pg/mL. But, we
can confidently say that the IC,, of PE-based extracts for
such cells is significantly inferior to other cases.

|/ PE
100 - EA

Approximated value
of IC5,=114 pg/mL

80

70
60

ICs, ng/mL

50
40
30 -
20 1
10-
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T T
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Studied cell lines

Fig. 3. Experimental IC50 values for evaluating the effectiveness of EA and PE extracts in relation to cells of different
lines (the IC50 value is approximated beyond the studied concentration range for A375 in PE).

Conclusions. 1. Two series of extracts from the me-
dicinal plant Speranskia tuberculate were prepared us-
ing petroleum ether and ethyl acetate in the concentra-
tion range from 12.5 to 75 pyg/mL and then studied by the
high-performance liquid chromatography-tandem mass
spectroscopy method.

2. About 300 compounds in the extracts were identi-
fied by high-performance liquid chromatography-tandem
mass spectroscopy, but the focus was on the 56 most
intense peaks. According to the scientific literature data,
35 out of 56 compounds studied have anticancer, antitu-
mour, antioxidant and anti-inflammatory effects.

3. These bioactive compounds are divided into sever-
al chemical classes, with alkaloids, lipids and polyphe-
nols being the most dominant. The total number of these
compounds exceeded 57 % of the total number of iden-

tified substances. Furthermore, a directory of chemical
reactions optimal for phytochemical screening of Sper-
anskia tuberculata extracts has been developed, which
can serve as an essential tool for further research and
study of the plant's chemical composition.

4. The effects of varying concentrations in both types
of extracts on the viability of five different cancer cell
lines, known as A549, A375, HELA, HEPG2 and
RAW264.7, were investigated using MTT tests. Cell via-
bility in four out of five lines significantly decreased with
increasing concentration in both extract types but more
intensely in ethyl acetate-based extracts than in petro-
leum ether extracts.

5. The IC, value for ethyl acetate extracts was rela-
tively stable at 49-53 ug/mL. The IC50 gradually in-
creased from 65 to 74 pg/mL from HELA to A549 in pe-
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troleum ether extracts. The IC_, for A375 was not found
within the studied concentration range but was approxi-
mately estimated at 114 pg/mL. The most significant im-
pact found during the experiment was observed for the
HELA line. The RAW264.7 line was the most resistant to

the effects of Speranskia tuberculata extracts, with the
IC,, not reached in both extract types.

Conflicts of interest: authors have no conflict of in-
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BIONOIN4YHO AKTUBHI PEHOBVHU B EKCTPAKTAX TPABU SPERANSKIA TUBERCULATA (BUNGE)
BAILL TA IXHIA BNIMB HA XXUTTE3AATHICTb PAKOBUX KMITUH MATU PISHUX NIHINA

LisetoaHb CyHb, T. M. fepka4

Kuiscbkuli HayioHasibHUU yHiBepcumem mexHos02ili ma ousalHy
derkach.tm@knutd.edu.ua

MeTta poGoTu. |geHTudikaLis OCHOBHUX 6i0aKTMBHMX PEYOBYMH B EKCTPaKTax TpaBu Speranskia tuberculata Ta [OCNiIXEHHS
TXHBOTO BM/IMBY Ha XUTTE3AATHICTb PAKOBUX K/TITUH PI3HOTO NOXOAKEHHS.

Martepianu i metogu. EkcTpaktu TpaBu Speranskia tuberculate, BUroToBfEHi 3 BUKOPUCTAHHAM eTunauletaty Ta
netponeriHoro eduipy B iHTEpBaUli KOHUEHTpauii 12,5-75 mkr/mn. |geHTudikalilo cnosyk B OTPUMAaHUX EKCTpakTax
NMpoBefeHO 3a A0MOMOrol TaHAEMHOro MEeTOAY BMCOKOEMEKTUBHOI PIgUHHOT XpomMartorpadii i3 mac-CrekTpoMeTpIEt.
MTT-TeCT Ha LMTOTOKCUYHICTb BMKOPUCTAHO A5 OLiHKM e(DeKTUBHOCTI Aji eKCTPaKTiB Ha N'ATb KOMEpPLIAHO AOCTYMHUX
KNITUHHWX NiHin: A549 (ageHokapuvHoMa nereHis nioavHn), HEPG2 (rematouentonspHa kapuvMHOMa NediHKU NI0ANHN),
A375 (3noskicHa menaHoMa noanHn), Hela (kapuymHomMa nigwnyHkoBoT 3a/103u itognHn) Ta RAW264.7 (makpodparonogioHa
NiHIA KNITUH BiA, MyLWER, TpaHC)OpMOBaHa BipycoM sieiikemii A6enbCoHa).

Pe3ynbraty Ta 0GroBOpeHHA. Y Mac-cnekTpax igeHTudikoBaHo nikv 300 peqyoBuH, cepes akux 56 cnonyk 3 HaibiibLummn
nikamu 6ys10 JOC/IIKEHO 3 TOUKM 30PY BiOMUX i3 NiTepaTypy NPOsBIB NPOTMPAKOBOT, NPOTUNYX/TMHHOT, @HTUOKCUAAHTHOT Ta
npoTusanasibHoi akTuBHOCTeR. JInwe 35 3 56 cnosyk MalTb 3a40KyMEHTOBaHWIA BMMB Ha NepepaxoBaHi 3axXBOPHOBaHHS,
we 15 peyoBMH akTMBHI LLIOAO IHWMX XBOPOD, i LWe 6 He MatoTb [OBEeAEHOI 6i0N0riYHOI aKTUBHOCTI. BusaBneHi 35 peyoBuH 3
[OBeleHOI0 TepaneBTUYHOI aKTUBHICTIO Hautexarb A0 10 pi3HMX XiIMIYHKX Knacis, cepes, AKX AOMIHY0Tb asikanoigu, ninign
Ta nonicpeHonu. HaBegeHo XiMiuHi peakuii 415 (ITOXIMIYHOrO CKPUHIHTY CMOMYK i3 TMX XiMiYHUX KNaciB, Ak 6y/n BUSBEHI
B ekcTpakTax. B MTT-Tectax npu o6po6uj 4 i3 5 KNiTUHHUX NiHIli CYTTEBO 3HWKyBas1aCb XUTTE3AATHICTb NPV NiABULLEHHI
KOHLIEHTpaLi eKkcTpakTiB. Jlnwe KAituHu niHil RAW264.7 BUSIBUINCS CTINKUMM, OCKINIbKM TXHA XUTTE3AATHICTL HE najana
Hmkye 3a 75-85 %. ETnnaueTarHi ekCTpakTi BUSIBUNMCS HabiNbLl edDeKTUBHUMM, OCKINIbKUN BOHU MAKCUMaUTbHO 3HVKYBaUIn
KNTTE3AATHICTL ([0 18 %), a IC, UbOro eKCTPaKTy [/ YCIX KMITUHHUX NiHili BapitoBaB y Mexax 49-53 mkr/mn. Ons
netponeitHoro edipy IC_, TPOX NiHili cTaHOBMB 65—74 MKI/MA (ana A375 anpoKkcMoBaHa Be/iumHa cardyna 114 mr/mn).
BucHoBKu. 3a gornomoroto metogy BEPX-MC B ekcTpakTax TpaBu Speranskia tuberculate 6yno ineHTniKoBaHo Kinbka
coTeHb cnonyk. Cepef, 56 HabiNbLL IHTEHCUBHYKX NiKiB BUABNEHO 35 CNONyK, AKi, 3a AaHMW HAYKOBOI JliTepaTypu, MalTb
MPOTMPAKOBY, MPOTUMYX/IMHHY, aHTUOKCUAAHTHY Ta npotudanasibHy Ail. MTT-TecTu nokasanu, WO BUBYEHi E€KCTPaKTu
CYTTEBO 3MEHLUYITb XUTTE3AATHICTb PAKOBUX KNITUH YOTUPbLOX i3 M'ATN BUBYEHWX NiHINA.

KniouoBi cnoBa: Speranskia tuberculata (Bunge) Baill; eTnnaueTaTHuii €KCTpakT; NeTposieliHo-eRipHNA eKCTpakT;
BMCOKOEMEKTNBHA piAvHHA XpomaTtorpadis-TaHAeMHa Mac-CneKkTpoMeTpid; MiHil pakoBuX KAiTUH;, TecT MTT Ha
LMTOTOKCUYHICTb.
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