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Protective effect of the Prunella grandiflora L. extract in relation to the toxic
effect of etoposide through the example of Drosophila melanogaster
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ABSTRACT

The data on the protective properties of the Prunella grandiflora L. extract were obtained when used together
with the anticancer drug etoposide on the experimental strain of Drosophila melanogaster. The combined use
of etoposide and 10% extract of P. grandiflora decreased mortality in D. melanogaster individuals to 15% and
doubled the average individual fertility compared to the use of this cytostatic drug without the extract. Using the
SMART method, the presence of the antigenotoxic effect was identified, which manifests itself through the absence
of chromosomal aberrations.

Key words: medicinal plants, antigenotoxic effect, Drosophila melanogaster, protective properties, etoposide,
SMART.
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MpoTekTopHbIN 3¢pPeKT sKcTpaKTa Prunella grandiflora L.
OTHOCUTE/IbHO TOKCUYECKOro BO3A4eMCTBUA 3TONO3UAA Ha Npumepe
Drosophila melanogaster
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PE3IOME

[Mony4eHsl TaHHBIC O MPOTEKTOPHBIX CBOICTBAX KCTpakTa Prunella grandifiora L. (4epHOroa0BKa KPYITHOIBET-
KOBasi) P COBMECTHOM €T'0 MCIOJIb30BAaHHU C TIPOTUBOPAKOBBIM TpEnapaToM «DTOMO3UI» Ha IKCIICPUMEHTAb-
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HOM JIMHKH XKUBOTHBIX Drosophila melanogaster. Ilpu coBMecTHOM npuMeHeHnH dTono3uaa u 10%-ro skcTpakra
P. grandiflora noxa3ano CHWXeHHe JIETAIBHOCTH Yy ocobeit D. melanogaster 1o 15% u yBennueHne cpeaneii n-
JMBUYaTbHOH IUIONOBUTOCTH B JIBa Ppa3a B CPABHEHHUHM C MCIIOJIb30BAaHUEM JaHHOTO IIMTOCTATHKA Oe3 3KCTpaKTa.
Metonom SMART ycTaHOBIICHO HaJIM4Ke aHTHTCHOTOKCHYECKOT0 3 dekTa, KOTOPHIi MPOSBIISETCS B OTCYTCTBHU
XPOMOCOMHBIX abeppaiuii.

KioueBble ci10Ba: JeKapCTBEHHBIE pacTEHHs, aHTUTEHOTOKCHYECKUH dddext, Drosophila melanogaster, mpo-
TEKTOPHBIE CBOMCTBA, dTono3na, SMART.

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbHu.

Hcrounuk ¢punancupoBanus. Pabora BeimonHeHa npu ¢uHAHCOBOU moanepxke [IpasurenscTBa Poccuiickoit
Deneparmu (moctanosnerne Ne 211, kortpakt Ne 02.A03.21.0006).

Jnsa murupoBanusi: AHtoctok O.H., Bomorauk E.B., IloctoBamoBa A.C. I[IpoTekropHblil 3ddekT 3KkcTpak-
ta Prunella grandiflora L. OTHOCHUTENBHO TOKCHYECKOTO BO3JCHCTBHS 3TONO3MIA Ha mpumepe Drosophila
melanogaster. broitemens cubupcxou meduyunst. 2021; 20 (2): 7-11. https://doi.org/10.20538/1682-0363-2021-

2-7-11.

INTRODUCTION

Due to the high prevalence of cancer in the human
population, the search for medicinal drugs, protectors,
and adaptogens is an extremely important area of re-
search. Cytostatics used in chemotherapy are charac-
terized by the presence of both the main (antitumor)
effect and many side effects, in particular, general
toxic and genotoxic ones. To reduce side effects, var-
ious protectors are being studied, most of which are
extracts from medicinal plants with a complex of var-
ious components [1].

When using an extract from medicinal plants as
a protector, it is important to establish whether it it-
self has any toxic and genotoxic effect. In this regard,
it is necessary to analyze the extract separately and
together with a cytostatic drug. The use of medicinal
plant extracts is widespread, a lot of such studies are
carried out in India, China, and other countries where
traditional medicine is common [2—4]. However, the
search for protectors based on raw plant materials
grown in Russia is relevant.

In this aspect, plants of the genus Prunella L.
growing in the Ural Region are of considerable inter-
est. The genus Prunella belongs to the family Lamia-
ceae Juss. which representatives have high biological
activity and can be used to obtain valuable medicinal
raw materials. Prunella vulgaris L. (common self-he-
al) is an official medicinal plant in Chinese medicine
[5]. The extract from the aerial parts of P. vulgaris has
antioxidant [6, 7], anti-inflammatory, antibacterial,
antifungal [8, 9], and antitumor properties [10].

To prove these data, an article appeared in 2019
showing that P. vulgaris root extract inhibits in vi-

tro and in vivo carcinogenesis in human breast car-
cinoma cells [11]. In Russia, P. vulgaris is still not
a pharmacopoeial species, but in recent years it has
been mentioned in the literature as a plant produc-
ing the most important classes of biologically active
substances (BAS) [12—14] and has been studied as a
component in pharmaceutical preparations [15]. Me-
dicinal properties of Prunella grandiflora (L.) Schol-
ler (large-flowered self-heal) are poorly studied, its
extract shows antifungal and antibacterial properties
and has biological activity during hypoxia [16, 17].
However, according to our assumptions, the P. gran-
diflora extract may show protective properties against
anticancer drugs, as some peculiar features were re-
vealed in the content of the main groups of BAS.

In particular, rosmarinic acid (70—89%) was found
to dominate among the phenolcarboxylic acids in P.
grandiflora. 1t was observed that, regardless of the
harvest year, the content of rosmarinic acid was higher
in P. grandiflora than in P. vulgaris [12, 18]. Rosma-
rinic acid has antitumor, antiproliferative [19], and an-
ticyclooxygenase activity [20] and can protect against
cancer and radiation sickness [21]. Thereafter, the aim
of the study was to identify the protective properties
of P. grandiflora in relation to the toxic and genotoxic
effects of etoposide.

MATERIALS AND METHODS

The P. grandiflora herb was collected in the flow-
ering phase in the Krasnoufimsk district of the Sverd-
lovsk region to the north of the Mariyskiy Ust-Mash
village, on the Mokraya Mountain (N 56°09°22.0"’,
E 058°32°19.6”’) in 2018. The plants were dried in
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well-ventilated rooms. The dried raw material was
ground to the size of particles passing through a Imm
sieve. A weighed portion of large-flowered self-heal
in the amount of 0.8 g was extracted in 10ml of 70%
alcohol for 24 hours. Then, 2.4 ml of 10% extract was
added to 17.6 ml of nutrient medium. Ethyl alcohol
(70%) was added to the nutrient medium in the 10 : 90
ratio, respectively, or 2.4 ml of ethyl alcohol per
17.6 ml of the nutrient medium.

We used a 20 mg / ml solution of etoposide for in-
jections (Vero-pharm Ebave, Russia) at the concentra-
tion of 800 ug / kg of the nutrient medium. The chosen
concentration of the cytostatic agent demonstrated a
pronounced genotoxic effect [22]. The Oregon R labo-
ratory line was used to assess the viability and overall
mortality. For crossing, individuals were selected that
were grown under the standard laboratory conditions
at the temperature of 24 °C, with moderate humidity
and light, in the nutrient medium containing 250 ml
distilled water, 25 g glucose, 25 g yeast, and 2 g agar.
For the study, the D. melanogaster species were used
that eclosed from the puparium within no later than 6
hours (virgin females). To evaluate fertility, 25 indi-
vidual pairs were placed in 25 test-tubes with a hollow
lid, filled with agar medium and covered with yeast.

The laid eggs (F)) were collected daily from the
surface of the lids using a dissecting needle and placed
on Petri dishes with an agar layer for further develop-
ment. From the total number of eggs laid per day, the
percentage of eggs that did not develop at the early
stage (< 6 hours, white color) and at the late stage
(> 6 hours, brown color) was calculated. To deter-
mine the mortality rate of the larvae in the parental
generation of D. melanogaster, they were grown
on the nutrient media with the extract, etoposide or
the extract and etoposide combined in the amount
of 300 individuals each. The overall mortality was
determined by the number of individuals that died
at the larval and pupal stages. At the larval stage,
the difference between the number of individuals
placed on the nutrient medium and the number of
puparia was determined, which indicates death of
unpupated larvae. Lethality at the pupal stage was
identified by the presence of filled puparia in the
sample, which indicates death of individuals within
the puparium.

The genotoxic effect was determined using the
SMART (Somatic Mutation And Recombination Test)
technology. For this, females from the yellow mutant
line (yellow body color, the yellow gene located on
the X chromosome) were crossed with males from

the white singed 3 mutant line (white eyes and singed
bristles on the body, the genes are also located on the
X chromosome), placing them on the test medium for
72 hours. After 72 hours, the parental generation of
the flies was removed, and hybrid offspring (F)) de-
veloped from the eggs they laid. Hybrid females of
the wild phenotype (brown and gray body, straight
bristles, red eyes) were used for the analysis, since the
males had the yellow phenotype inherited from mater-
nal individuals following the criss-cross phenomenon.
The bristles on the female bodies were examined, and
the number of bristles that were not typical of the nor-
mal phenotype in color and shape were noted, namely,
yellow and / or singed ones. The area containing such
bristles was recorded in the table as a single spot “y”
(yellow) or “sn” (singed), or a double spot “y sn”. Sta-
tistical analysis was performed using Statistica (data
analysis software system) v. 8.0., Serial Number: JP-
78031371720ARCN-6, StatSoft, Inc. When compa-
ring and analyzing the samples, the Mann — Whitney
test and the chi-square test with Yates’ correction
were used.

RESULTS AND DISCUSSION

To determine the general toxic effect, two para-
meters were used: determination of the overall mor-
tality of D. melanogaster species and their average
individual fertility. The assessment of survival and
mortality rates was carried out in three groups of the
D. melanogaster species receiving the extract and
etoposide separately or together during the entire
period of development. After 10 days, the survival
rate of the D. melanogaster individuals in the group
grown on the nutrient medium containing the 10%
Prunella grandiflora extract and etoposide was 72%
(Fig. 1).

Figure 1 shows that the combined use of etopo-
side and the extract reduced the mortality rate by 20%
compared to the control group and by 15% compared
to the group receiving the cytostatic drug without the
extract. When the P. grandiflora extract alone was
added to the nutrient medium, no decrease in the mor-
tality rate was found as opposed to the controls. Un-
der the effect of 70% alcohol, the mortality rate was
36.33%. Thus, this concentration of alcohol does not
have a pronounced general toxic effect and is suitable
as an extract base. Consequently, the analysis of the
overall mortality of individuals grown on the nutri-
ent medium containing the 10% extract of Prunella
grandiflora L. and etoposide showed a positive effect
on their survival.
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Fig. 1. The overall lethality of individuals of the Oregon-R line of Drosophila melanogaster, grown on the nutrient medium with
addition of various components: * values that significantly differ from the corresponding parameters in the control group, p <0.001
(chi-square test)

The parameters of viability of the Oregon-R line
were assessed, such as the average individual fertility
(AIF), and the frequency of early and late lethality of
the offspring at the embryonic stage (up to 6 hours of
development — early embryonic lethality (EEL), after —
late embryonic lethality (LEL)). Figure 2 demon-
strates the improvement in fertility rates when etopo-
side and the extract were used together and when the
extract was used alone.
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Fig. 2. Average individual fertility of the Oregon-R line of

Drosophila melanogaster grown on the nutrient medium with

addition of various tested substances: * values that significantly

differ from the corresponding parameters in the control group,
p <0.05 (Mann — Whitney test)

A decrease in the general toxic effect was re-
gistered under the effect of the extract, which man-
ifested itself through a change in the AIF indicator:

when receiving etoposide, the AIF was 9.03; when
the cytostatic and the extract were combined, it went
up to 18.27. In addition, the comparative charac-
teristics of AIF in the studied flies showed that the
maximum number of laid eggs was recorded when
the extract was used with etoposide. Therefore, the
extract neutralizes the toxic effect on fertility poten-
tial. However, such pronounced effect does not apply
to the mortality rate of the offspring at the embryonic
stage. Perhaps this is explained by the short duration
of the positive effect of the extract for changing the
lethality index F . It should be noted that the results
of AIF obtained using 70% alcohol, which is the base
of the extract, are comparable to those obtained using
etoposide.

The genotoxic effect of etoposide was also ana-
lyzed using SMART lines. An increase in the frequen-
cy of mutations and recombinations with a rise in the
concentration in the nutrient medium was observed
(Table). Table 1 shows that the extract itself does
not change the frequency of mutations and recombi-
nations, thus, it does not show genotoxic properties,
while etoposide has a clear genotoxic effect, which
complies with the results of other studies [23].

The genotoxicity of 70% alcohol manifests itself in
the form of single singed spots, and therefore, it can be
assumed that its action specifically damages the chro-
mosome in the periventricular region. The absence
of females with yellow spots allows to suppose that
the eliminated chromosome region was not exposed
to the active effect of alcohol. At the same time, the
chi-square value in the experimental group receiving
etoposide 400 pg / kg, as opposed to the controls, was
close to the critical one.
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Table 1
Characteristics of somatic mosaicism in Drosophila melanogaster using yellow (y) and singed (sn) markers
Number of individuals with mutant spots
Test groups Sample N a Other mutant Sample V2] ®)
y s ys phenotypes proportion, %

Control 573 1 2 0 0 0.52 — -
Etoposide (400 pg / kg) 499 0 11 0 0 22 4.615 0.032
Etoposide (800 ng / kg) 196 0 0 0 9 4.59 13.199 <0.001
P, grandiflora extract, 10% 176 0 0 0 1.14 0.118 0.731
Alcohol, 70% 227 0 0 0 3.08 6.68 0.010
P. grandiflora extract, 10%
+ etoposide (800 ug / kg) 230 1 5 1 0 3.04 6.55 <0.011

In addition, when using etoposide at the concentra-
tion of 800 pg / kg of nutrient medium, a large num-
ber of non-characteristic mutant recessive phenotypes
was recorded that resulted from the pseudodominance
phenomenon, which indirectly demonstrates the effect
of this cytostatic agent on the frequency of chromo-
somal aberrations. According to A.N. Sortibran et al.,
an increase in chromosomal rearrangements does in-
deed take place [24].

When the extract and etoposide were used toge-
ther, no change was found in the genotoxic properties
of etoposide in relation to the frequency of spot occur-
rence, however, the antigenotoxic effect was recorded
in relation to the frequency of chromosomal aberra-
tions. Therefore, it can be asserted that the extract is
selective for the genotoxic properties of etoposide.
Since extracts of other medicinal plants were used
both in high and low concentrations for the mani-
festation of antigenotoxic properties [25], it seems
reasonable to test this hypothesis with respect to the
P. grandiflora extract used in this study.

CONCLUSION

The discovery of a positive effect of the 10%
P. grandiflora extract on antigenotoxicity, overall
lethality, and viability of the Oregon-R D. melano-
gaster individuals exposed to etoposide and the ex-
tract makes further testing of this extract reasonable.
The data obtained allow to consider the possibility of
using the P. grandiflora extract as a component in the
diet of patients undergoing certain therapeutic treat-
ment.
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