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Abstract. The problem of creating antitumor drugs with new mechanisms of
action that predominantly induce apoptosis is still topical. The extract of Gratiola
officinalis is a potential antitumor agent containing mainly flavonoids. The aim of
this research is to study the effects of Gratiola officinalis extract on activation of
apoptosis and autophagy in breast adenocarcinoma SK-BR-3 and kidney
carcinoma A-498 lines. Apoptotic activity of the extract was studied by flow
cytofluorometry using Hoechst stain and double staining with annexin V plus
propidium iodide. There was 96.3% of cells in SK-BR-3 culture in late apoptosis
phase detected by flow cytofluorometry method at the extract concentration of
0.88 mg/ml, 86.3% of cells were in apoptosis by Hoechst stain. The concentration
of 0.82 mg/ml caused apoptosis in half of the cells. The extract has cytoprotective
activity at low concentration (0.0352 mg/ml). The cytoprotection mechanism is
realized through the activation of autophagy. The maximum number of
autophagosomes in kidney carcinoma cells is observed at the extract
concentration of 0.056 mg/ml. Thus, Gratiola officinalis extract is able to block
cytoprotective autophagy with increasing the extract concentration and to
activate apoptosis in 85% of tumor cells. Detailed research should be continued
to understand the mechanisms of antitumor activity of Gratiola officinalis extract.
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1 Introduction

High biological and toxic activity of antitumor agents
determines their damaging effect not only on tumor cells,
but also on healthy cells. Antitumor agents cause
hematopoietic disorders, including sterilization, growth
retardation in children, deterioration of wound healing,
hair loss and teratogenic effect [1, 2].

Plant derived drugs, namely alkylating agents
(antimetabolites, antitumor  antibiotics, herbal
preparations, hormones and their antagonists) are the
main groups of antitumor agents. The alkaloids of
various plants are most commonly used as antitumor
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agents. These compounds act as mitotic poisons or as
topoisomerase inhibitors. They can stop the cell cycle in
M-phase stages or in S- and G2-periods. In the tumor,
they also may cause damage, necrotic changes, cell
polymorphism, fibrosis, and hyalinosis [3].

A number of flavones and flavonols have been found
to possess antitumor activities [4]. The property of
bioflavonoids to enhance the effectiveness of cytostatic
therapy due to the weakening of its toxic effect on healthy
cells has been studied, and the direct ability of Wogonin
flavonoid and structurally related natural flavones, for
example, apigenin, chrysin and luteolin to activate
apoptosis in tumor cells has been revealed [5—-6].
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Wogonin, one of the active flavones of the most
popular Chinese herbal remedy Huang-Qin (Scutellaria
baicalensis Georgi), induces apoptosis in a wide
spectrum of human tumor cells in vitro and inhibits tumor
growth in vivo in different mouse tumor models [7]. In
addition, Scutellaria extracts were successfully tested in
patients with advanced breast cancer in early clinical
trials [6, 8, 9]. Importantly, at doses lethal to tumor cells,
wogonin showed no or little toxicity for normal cells and
had also no obvious toxicity in animals [10].

However, no one had previously conducted a
comprehensive study of morphological changes in a
tumor under the influence of flavonoids. Data on the
morphological changes in tumor cells under the influence
of flavonoids would open up the prospect of their further
active screening as potential antitumor agents.

For this study, we selected the plant Gratiola
officinalis L. The plant is harvested whilst in flower in
the summer and dried for later use [11, 12]. It is used in
the herbal medicines for the treatment of a variety of
ailments like scrofula, cystitis, colic, certain stomach and
menstrual disorder, skin and liver diseases as well as
enlargement of the spleen, dropsy, jaundice, intestinal
worms, etc. The dried top of the G. officinalis has diuretic
and emetic effect. G. officinalis is also used as
biostimulating medicine in hematopoietic, liver and
respiratory disorders in human [13—-15]. Side effects of
its overuse include nausea, acrid poisoning,
nymphomania, leanliness, abortion, kidney damage and
bowel hemorrhage [12,16,17]. The presence of
alkaloids,  flavonoids,  saponins,  glycoside-like
substances, coumarin derivatives, mannitol and betulinic
acid in G officinalis has been found in
studies [13, 18, 19]. G. officinalis also contains the
following substances: gratiogenin,
16-hydroxygratiogenin,  cucurbitacins-E ~ and 1,
glycosides gratiogenin-3beta-D-glucoside, gratioside,
elaterinide, lignans, which have many medicinal uses.
Caffeic acid glycoside esters, verbascoside and
arenarioside, have been isolated from G. officinalis [20].
Caffeic acid has been shown to inhibit carcinogenesis.
Caffeic acid also shows immunomodulatory and anti-
inflammatory activity [13].

One of the chemotypes is characterized by the
production of 8-hydroxylated flavone O-glycosides
including the new plant substances 8-hydroxychrysoeriol
8-Oglucuronide, hypolaetin 7-O-sophoroside,
8-hydroxychrysoeriol 7-0-sophoroside, and
isoscutellarein 8-O-sophoroside [21, 22]. According to
data of other researches, new flavonoid named ligniside
and C-glycosyl derivatives were also extracted from
G. officinalis [23, 24]. Apigenin, 4,5,
7- trihydroxyflavone (C15H1005), Cosmosiin
(C21H20010), one form of saponaretin (C21H20010), and a
form of vitexin (Cz21H20010) were among the nine
found [25].

The extract of G. officinalis obtained us by the
author’s method contains flavonoids and has no toxic
effects [26]. Earlier, we revealed antioxidant, antitumor,
antiexical and immunomodulatory properties of
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G. officinalis L. extract in laboratory animals with
transplanted tumors [27-36]. This extract also has
antituberculous, anti-inflammatory, antipyretic, and
antimicrobial activity, which indicates its polyvalent
action [29, 31].

The aim of this research was to study the activation
of autophagy and apoptosis in human tumor cell lines —
breast adenocarcinoma SK-BR-3 and kidney carcinoma
A-498 under the influence of Gratiola officinalis extract.

2 Material and methods

Gratiola officinalis extract was obtained by the author’s
method from herbal raw materials, which was collected on
the Volga River island near the village of Chardym
(Saratov region) [26, 27, 35].

According to gas chromato-mass spectrometry,
chemical analysis of this extract showed the presence of
the following substances: quercetin; 4-vinyl-2-
methoxyphenol; 2,3-dihydroxy-3,5-dihydroxy-6-
methyl-4H-pyran-4-on; 2,3-dihydrobenzofuran;
3-furancarboxylic acid; 5-hydroxymethyl-2-furaldehyde;
ethyl-4-riboside-propylphenol; pyrocatechin;
L-luxose(pentose); 6-deoxyhexoses of L-galactose; ethyl
ester of benzoylacetic acid; palmitic acid; homovanilic
acid; glucose; 1,4-anhydro-d-mannitol; benzoic acid;
Gallic acid [26, 35].

Dried extract mixed with water and ethyl alcohol in
any ratio has a yellow-brown color. The average value of
quercetin in this extract is specified in the calibration
schedule using the standard sample of quercetin (Sigma,
98%) amounts to 0.66%. The amount of quercetin in the
dry residue of the extractive substances from 10 g of dry
Gratiola officinalis grass, established by liquid
chromatography (HPLC), was 350 pg.

The authenticity of the extract of Gratiola officinalis
is confirmed by the qualitative reactions with the
crystalline magnesium reagent and Wagner-Bouchard.
Qualitative reactions indicate the presence of
bioflavonoids and the absence of alkaloids in the extract.

We used the concentration of the extract at which its
apoptotic effect and the ability to cause (or not to cause)
autophagy were obvious, preliminary work on the
analysis and selection of extract concentrations was
carried out earlier [36].

2.1 Cell line

The following cultures of human tumor cells from the
Bank of cell lines of the National Medical Research Center
of Oncology named after N. N. Blokhin were used in the
studies: human breast carcinoma SK-BR-3, human kidney
carcinoma A-498. Studies on cell cultures were conducted
at the Core Facilities of Saratov State Medical University
named after V. I. Razumovsky.

Cell lines were cultured at 37 °C in an atmosphere of
5% COz in a complete nutrient medium RPMI-1640
(Paneco, Russia): 10% embryonic calf serum (TPP,
HyClone, USA); 2 mg/ml glutamine (Paneco, Russia),
50 mg/ml penicillin streptomycin (Paneco, Russia).
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The cells were grown on the slides up to 70% of the
monolayer. After incubation with the test extracts for
24 h, cells were fixed in alcohol and acetone, then they
were stained with Hoechst 33258 dye (1 pg/ml, PanEco,
Russia). Cells were covered with coverslips using
fluorescent mounting medium (Dako, Denmark), the
samples were analyzed by a Nikon 80i fluorescence
microscope (Japan) at 435—485nm.

The following parameters were used in the analysis
of cells stained with Hoechst 33258: average number of
living cells (ANLC) in the field of view; culture growth
activity is ratio of average number of exposed cells in the
field of view to the average number of all cells in the field
of view in control samples; absolute number of mitoses
in the field of view; percentage of cells in mitosis (total
number of cells); mitotic activity index is ratio of number
of cells in mitotic stages to the total number of cells in
the field of view, multiplied by 100; absolute number of
apoptosis in the field of view; apoptotic activity index is
the ratio of cells in apoptosis to the total number of cells
in the field of view, multiplied by 100; the ratio of cells
with pycnosis to the total number of cells with signs of
apoptosis (%); the ratio of apoptotic bodies to the total
number of cells with apoptotic signs (%).

The cells in each group were counted in at least
10 fields of view at 200x magnification.

2.2 Determination of apoptosis by double
staining with Annexin and Propidium
iodide

Apoptosis induction was studied after incubation of cell

lines with Gratiola officinalis extract at a concentration of

0.88 mg/ml for 24 h. The study was carried out using the

Annexin-V FITC Apoptosis Kit (Invitrogen). Annexin-V

binds to phosphatidylserine, which exits the cell

membrane in the early stage of apoptosis. Propidium

iodide (PI) binds to the DNA of destroyed cells and it is a

marker of late-stage apoptosis or necrosis.

To set the reaction, the cells were removed, washed
in PBS and resuspended in an Annex-binding buffer in
the amount of 1 million cells/ml, then 100 pl cells were
transferred to tubes containing 5 pl Annexin-V-FITC and
5 pl PI and incubated at room temperature in the dark for
15 min.

Then 400 pl of the annexin-binding buffer was added
and cells were counted on a flow cytometry (FACS
Canto II, Becton Dickenson).

2.3 Determination of the induction of
autophagy

Determination of the induction of autophagy was
performed on the Muse cell analyzer (Millipore, Sigma)
with the Muse reagents Autophagy LC3-Antibody Based
Kit (Abcam, USA).

Kidney carcinoma cell lines were treated with
G. officinalis extract in different concentrations at two-
fold dilutions, starting at 3.6 mg/ml for a day: 3.6; 1.8;
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0.9; 0.45; 0.225; 0.113; 0.056; 0.028; 0.014; 0.007;
0.004 mg/ml. Cells were stained for LC3B protein (Muse
Autophagy LC3-Antibody Based Kit (Millipore Sigma)),
cell nuclei were stained with Hoechst 33258 dye. As a
result of staining with LC3-Antibody reagents, cells
acquired a dull red glow when autophagosomes formed,
and a bright scarlet glow when autophagosomes bound to
lysosomes and the digestion started. The indicators were
compared: Mean Autophagy Intensity and Autophagy
Induction Ratio at different Concentration of extract.
Indicators were calculated automatically on Millipore
Sigma.

2.4 Statistical analysis

The normality of the group distribution was tested using
the Shapiro-Wilk criterion. The Cramer-Welch criterion
(T) was used to compare the obtained mean values, in
which the difference of the arithmetic mean of the two
samples (control and experimental) is divided by the
natural estimate of the standard deviation of this
difference. With this method, the difference in the mean is
determined with a 95% probability at T>1.96 at a
significance level of p <0.05. All statistical analyses are
performed by using STATISTICA 10.0 Enterprise
software.

3 Results and discussion

3.1 Analysis of apoptotic activity in tumor cells
of lines A-498 and SK-BR-3 using double
staining with annexin V and propidium
iodium

Cell lines were incubated with Gratiola officinalis extract

at a concentration of 0.88 mg/ml. Annexin V labelled with

FITC, stained cells in early apoptosis phase. Double

staining with annexin and propidium iodide indicated the

presence of late apoptosis phase in cells.

As a result, the Gratiola officinalis extract showed
antitumor activity against all tested human tumor cells
(Fig. 1).

An increase in the number of apoptotic cells was
observed in all studied human tumor cell lines under the
action of G. officinalis extract at a concentration of
0.88 mg/ml, in contrast to the control (Fig. 1).

After one day, mainly cells in late apoptosis phase
were detected: 96.3+2.7% of SK-BR-3 breast
carcinoma cells and 89.5+3.3% of A-498 kidney
carcinoma cells at tested concentration of G. officinalis
extract (Fig. 1).

However, the A-498 kidney carcinoma culture was
also characterized by an increase in the number of cells
in early apoptosis phase to 6.4+ 1.8%. These results
confirm the fact of varying degrees of sensitivity of
tumor cells to the extract, but all studied cultures were
susceptible to the effects of G. officinalis extract, which
caused the activation of apoptosis.
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Fig. 1 Percentage distribution of tumor cells after incubation with Gratiola officinalis extract and control group according to
flow cytometry. Square Q3 — Living cell, Square Q4 — Early apoptotic cells, Square Q2 — Late apoptotic cells, Square Q1 —
Necrotic cells. Control: a) SK-BR-3, b) A-498. Gratiola officinalis extract: c) SK-BR-3; d) A-498.

However, the A-498 kidney carcinoma culture was
also characterized by an increase in the number of cells
in early apoptosis phase to 6.4+ 1.8%. These results
confirm the fact of varying degrees of sensitivity of
tumor cells to the extract, but all studied cultures were
susceptible to the effects of G. officinalis extract, which
caused the activation of apoptosis.

3.2 Analysis of apoptotic activity at different
extract concentrations in the cell line of
breast carcinoma (SK-BR-3) by

immunocytochemical method

In the control of cell culture SK-BR-3 in a day the average
number of living cells (ANLC) was 365 cells, 0.68% of
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which were at the stages of metaphase, anaphase and
telophase of mitosis and 0.56% in the form of apoptotic
cells. In this case, the chromatin of the cell nuclei was not
intensely colored (Fig. 2).

After incubation with Gratiola officinalis extract in a
concentration of 0.0352 mg/ml, an increase of 1.2 times
the ANLC was observed compared to the control. The
data showed an increase in proliferative activity,
apparently due to the cytoprotective effect of the extract.
At the same time, the number of cells in mitosis at the
stage of metaphase, anaphase and telophase did not differ
from the control (Fig. 2, Table 1).

The number of cells in apoptosis increased by
3.5 times compared to the control. At the same time, all
cells with signs of apoptosis were represented by
apoptotic corpuscles (Table 1, Fig. 2).

10 Nov 2021 © J-BPE



N.V. Polukonova et al.: Activation of Apoptosis and Autophagy by...

doi: 10.18287/JBPE21.07.040307

Table 1 Comparison of viability and death of SK-BR-3 tumor cells after extract exposure.

Fraction of cells in

Fraction of Fraction of cells apoptosis
Index of metaphase, . DS (in the field of view), %
Groups ANLC . . in apoptosis (in p
proliferation  anaphase and . o . with
o field of view), %  with .
telophase, % . apoptotic
pyknosis
cells
Control 365 +24.59 - 0.68+0.13 0.56+3 0 0
after Gratiola extract exposure
0.0352 mg/ml 454 £ 14.9*% 1.24 0.56£0.14 1.96 + 0.37** 0 100
0.176 mg ml 354.6 +4.2 0.97 0.46 +0.15 2.3 +£0.04* 25 75
0.88 mg/ml 236.6 £ 7.8%** 0.65 QFx* 86.3 £ 1.4*** 100 0

Note: proliferation index is the ratio of ANLC after extract exposure to ANLC in the control. Differences are significant
between values of experimental and control groups at (*) p < 0.05; (**) p <0.005; (***) p <0.001.

Fig. 2 The breast carcinoma cell line SK-BR-3 after incubation with Gratiola extract at a concentration of: a) 0.0352 mg/ml.
The cells in process of mitosis are marked with the arrows: b) 0.88 mg/ml. The nuclei in condition of a pyknosis are marked
with the arrows; c) control — the cells in process of mitosis are marked with the arrows. The fluorescence mode at
435485 nm, the color of the dye Hoechst 33258. Magnification 200x.

At exposure of Gratiola officinalis extract in a
concentration of 0.176 mg/ml, ANLC and the number of
cells in mitosis (at the stages of metaphase, anaphase and
telophase) did not differ from the control (Table 1). The
number of cells with signs of apoptosis increased by
1.6 times, most of which were detected in the form of
apoptotic cells (75%), the remaining cells are with
nuclear pyknosis (25%), which was expressed in bright
staining of the nuclei.

At incubation with Gratiola officinalis extract in a
concentration of 0.88 mg/ml (Fig. 2) there was a 35%
decrease in ANLC compared to control and no cells at
the stages of metaphase, anaphase and telophase of
mitosis (Table 1). Such data indicate the presence of
cytostatic activity in the extract, due to the lack of
cytoprotective action in high concentrations. The vast
majority of cells (86%) were in apoptosis; namely, with
condensed brightly colored chromatin of the nucleus
(Fig. 2, Table 1). Such results indicated the presence of
expressed apoptotic activity in the extract.

The half of the cells with signs of apoptosis (AC50)
were determined per day in comparison with the control
at 0.815 mg/ml concentration of Gratiola officinalis
extract.
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Thus, Gratiola officinalis extract in all concentrations
had apoptotic activity against breast carcinoma cells SK-
BR-3, which was consistent with the data of flow
cytometry. At low concentrations (0.0352 mg/ml) extract
had cytoprotective activity, which was concentration-
dependent.

At double staining with Annex V and propidium
iodide, the apoptotic activity of Gratiola officinalis
extract at a concentration of 0.88 mg/ml in respect of
SK-BR-3 cells were in good agreement with the data
obtained at Hoechst staining. Thus, if flow cytometry
revealed 96.3% of late apoptotic cells, Hoechst staining
revealed 86.3% of cells in apoptosis.

3.3 Analysis of autophagic activity of Gratiola
officinalis extract in cell line of human
kidney carcinoma A-498

Cells of kidney carcinoma line A-498 were treated with
Gratiola officinalis extract in different concentrations in
two-fold dilution, ranging from 3.6 mg/ml: 3.6; 1.8; 0.9;
0.45;0.225; 0.113; 0.056; 0.028; 0.014; 0.007; 0.004. Cells
were stained with LC3 marker, cell nuclei were stained
with Hoechst. As a result, the cells acquired a dull red glow
when autophagosomes were formed. A bright scarlet glow
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appeared when autophagosomes were associated with
lysosomes and the process of digestion took place (Fig. 3).
Fig. 4 shows the induction of autophagy in human kidney
carcinoma A-498 cells in the control and under the action
of Gratiola officinalis extract in concentrations ranging
from 0.028 to 0.45 mg/ml.

In the control, the autophagy induction coefficient
was 1, starting with the extract concentration of
0.004 mg/ml, the autophagy induction coefficient
increases, reaching a maximum at a concentration of
0.056 mg/ml. When the concentration of the extract
increased, the coefficient of induction of autophagy
decreased and returned to the initial state (Fig. 3,
Table 2).

The dependence of cells with autophagosomes and
autophagolysosomes was  generally linear; the
distribution was normal: the maximum number of
autophagolysosomes in kidney carcinoma cells was
observed at 0.056 mg/ml extract concentration.

Muse Autophagy LC3-Antibody Based Kit revealed
a dull red glow of cells when autophagosomes formed,
and a bright scarlet glow when autophagosomes bound to
lysosomes and the digestion started.

There is no unequivocal opinion in the literature on
the significance of autophagy in tumor cells nowadays.
Some authors have reported a better prognosis in patients
with autophagosomes in tumor cells [37], but most

doi: 10.18287/JBPE21.07.040307

researchers believe that LC3b expression is associated
with an unfavorable prognosis [38—40]. All authors agree
that autophagy can develop in tumor cells as a protective
mechanism of the tumor cell in response to the treatment
[38—41], as we prove in our study.

Thus, we demonstrate that there is an activation of
autophagy in kidney carcinoma cells under the action of
low concentrations of Gratiola officinalis extract, which
explains the mechanism of its cytoprotective activity that
we also found in an experiment on SK-BR-3 breast
carcinoma cells.

The increase in the number of living SK-BR-3 cells
was observed under the influence of extract in
0.0352 mg/ml concentration. The significant increase in
autophagy in A-498 cells was observed after incubation
with extract within the range concentrations from 0.028
to 045mg/ml. The maximum number of
autophagolysosomes was observed in kidney carcinoma
cells after incubation with extract in 0.056 mg/ml
concentration. Whereas after extract exposure in 0.88
mg/ml concentration, no increase in autophagosome
formation was detected (Table 2), but apoptosis was
pronounced (Fig. 1).

Induction of autophagy at low concentrations of the
extract, on the one hand, indicates sensitivity of tumor
cells of the A-498 line in response to exposure to
G. officinalis extract.

Table 2 Percentage distribution of kidney carcinoma tumor cells (A-498) with autophagosomes after Gratiola officinalis
extract exposure at different concentrations for 24 h according to flow cytometry

extract (mgimb sty Rade o Totalofcll
0 (control) 222+1.5 1 739 + 41
3.6 243+23 1.1 447 £ 20*
1.8 27.4 +3.2% 1.2 479 + 24*
0.9 258 +2.1 1.2 431 +£19*
0.45 28.5 + 3.4* 1.3 585 +28*
0.225 25+ 1.7 1.1 605 +31%
0.113 295+24 1.3 707 + 38
0.056 50.3 + 4.8* 23 694 + 28
0.028 31.1 +£2.5% 1.4 699 + 25
0.014 255+1.9 1.2 683 +27
0.007 27.8 £2.1% 1.3 657 +23*
0.004 258+ 1.8 1.2 649 + 25%

Note: Differences are significant between values of experimental and control groups at (*) p < 0.05.
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Fig. 3 Induction of autophagy in human kidney carcinoma cells A-498 in control and after Gratiola officinalis extract
exposure in various concentrations a) control; b) the extract concentration was 0.028 mg/ml), c) the extract concentration
was 0.056 mg/ml; d) the extract concentration was 0.113 mg/ml; e) the extract concentration was 0.225 mg/ml; f) the extract
concentration was 0.45 mg/ml. On the above (A) shows cells with double staining for LC3B protein (red and red) and
Hoechst dye (blue color); below (B) — autophagosome induction after Gratiola officinalis extract exposure (flow cytometry
results).

On the other hand, a cascade of events occurred: exposure. However, at a higher concentration of
under the influence of low concentrations of the extract 0.88 mg/ml, activation of apoptosis occurred in kidney
(0.056 mg/ml), cytoprotective autophagy was induced in carcinoma cell culture. In our opinion, the cytoprotective

the tumor cell, resulting in cell survival and resistance to
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autophagy is blocked at higher concentrations of the
extract and cells die in a non-programmed way.

Activation of the mechanisms of autophagy,
apoptosis, necrosis may occur under the influence of
different components of the extract.

Thus, apigenin, described as component of the
G. officinalis extract, is structurally related to the
flavonoid Wogonin [4—6]. Wogonin is known to have an
apoptotic effect on a wide range of human tumor cells in
in vitro experiments and an inhibitory effect on tumor
growth invivo in various mouse tumor models
[6-9, 41, 42]. Wogonin and structurally related natural
flavones such as apigenin, chrysin and luteolin are
inhibitors of cyclin-dependent kinase 9 (CDK9) and
block-phosphorylation of the carboxy-terminal domain
of RNA polymerase II in Ser(2). This effect leads to a
decrease in ribonucleic acid synthesis, followed by rapid
suppression of Mcl-1 and activation of apoptosis in tumor
cell [4-6]. The G. officinalis extract causes tumor cell
death and has no toxic effect on normal cells, that is
similar with effects of the flavonoids in Scutellaria
baicalensis Georgi extract, it has been demonstrated in
both in vitro and in vivo experiments [6-9].

4 Conclusion

The antitumor effect of the G. officinalis extract has been
shown on cell cultures of two human tumor lines:
SK-BR-3 breast carcinoma and A-498 kidney carcinoma.
The extract at concentration of 0.815 mg/ml causes
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apoptosis in half of the cells (AC50). However, in low
concentration  (0.0352 mg/ml), the extract has
cytoprotective activity. This effect has a concentration
dependence. The mechanism of cytoprotective activity of
the extract in low concentrations is realized by activation
of autophagy, which provides resistance of tumor cells to
the therapeutic action. The maximum number of
autophagosomes in carcinoma cells was observed at an
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Thus, G. officinalis extract is a multicomponent
flavonoid-containing composition, with a polyvalent
effect, which form its “shrapnel” effect. The polyvalence
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extract’s effects with a proven broad spectrum of action
is an undeniable advantage of this extract in complex
chemotherapy. Detailed research should be continued to
decipher and understand the mechanisms of antitumor
activity of the individual components of the G. officinalis
extract.
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