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ABSTRACT

Background. Furanocoumarin-based drugs are used for photochemotherapy
of various diseases. Sosnovsky’s hogweed can be an available source of furanocou-
marins for the development of drugs.

The aim of the study. To obtain stable emulsions containing furanocoumarins
from Sosnowski’s hogweed and to evaluate their photocytotoxicity.

Materials and methods. To obtain the emulsions, furanocoumarins were ex-
tracted with chloroform from the sap of the aerial part of the Sosnowski’s hogweed.
The chloroform extract was clarified by silica gel gradient column chromatography.
The extractive fraction containing furanocoumarins was analyzed by high perfor-
mance liquid chromatography with ultraviolet (UV) detection.

An extract with a high content of 8-methoxypsoralen was used to prepare two
types of emulsions. The extract was dissolved in peach oil and emulsified in water
with tween-80 (emulsion No. 1) and in an aqueous glycerin solution with lecithin
(emulsion No. 2).

The emulsions were tested for dark and photo-induced toxicity for human lung
fibroblasts. The dose of UV radiation for the photoactivation of furanocoumarins
was 9 J/cm?. A solution of chlorine e6 was used as a comparison photosensitizer.
Results. The obtained emulsions contained 1T mg/ml 8-methoxypsoralen. Both
emulsions were homogeneous at macro- and microscopic visualization, remained
stable when stored under various temperature conditions for 14 days. Emulsion
No. 2 did not show dark toxicity and caused a statistically significant inhibition
of cell viability under UV irradiation at a concentration of 12.5-31.3 ug/mL. Emul-
sion No. 1 had a toxic effect on cells regardless of UV irradiation due to the content
of tween-80. According to fluorescent microscopy, the phototoxic effect of emulsion
No. 2 was manifested mainly due to apoptosis, in contrast to the effect of chlorine e6,
in which there were more pronounced signs of cell necrosis.

Conclusion. The developed experimental emulsions of furanocoumarins from Sos-
novski’s hogweed are an example of promising medicinal photosensitizers of plant
origin for phototherapy of various dermatological and oncological diseases.

Key words: emulsion, furanocoumarins, Sosnowski's hogweed, UV radiation,
tween-80, lecithin, apoptosis
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PE3IOME

O6ocHoBaHue. [na hpomoxumuomepanuu pasauyHelx 3abonesaHuli ucnosp-
3ylomcsa cpedcmea Ha OCHOBe ypaHOKyMapuHo8. JJocmynHeiM UCMOYHUKOM
hypaHoKymMapuHo8 071 CO30aHUS JleKapCmeeHHbIX Npenapamos Moxem 6bimob
6opuwesux COCHOBCKO20.

Lens uccnedoeanus. [onydyums cmabusibHele SMyIbcul, cooepxaujue ypaHo-
KymapuHsl, u3 6opujesuxa COCHOBCKO20 U OYeHUMb UX homoyumomoKCcU4HOCMb.
Mamepuanel u memodsl. OypaHoKyMapuHel 0718 NOJYHeHUsA SMY/IbCcull SKempa-
2Uupo8asu xa0po@opMomM U3 CoKa HadzemHou yacmu 6opujesuka COCHOBCKOZ0.
X1opoghopMHbIl SKCMPAKm o4yuwaau ¢ NOMoWbko 2padueHmHoOU KO/TOHOYHOU
Xpomamozpaghuu Ha cunukazese. JKCMpakmueHy ppaxkyuto, cooepxxawiyto gypa-
HOKYMApUHbI, AHAU3upo8asu C NOMOWbIO 8bICOKOI(HEKMUBHOU XUOKOCMHOU
Xpomamozpadgpuu c ynempagpuonemossim (YP) demekmuposaHuem.

SKCcmpakm ¢ 8bICOKUM COOepXaHuem 8-MemoKCcUuNcopasaeHa uchosse308asau
0714 noJly4yeHuUs 08yX 8UO08 dIMYJ/IbCUl. IKCMPAKM pacmeopsiu 8 NepCUKOBOM
macse u 3mMysb2upo8sasnu 8 800e meuHom-80 (3mysbcus NO 1) u 8 B00HO-2/1UUEpU-
HOBOM pacmeope neyumuHom (3mysbcusa N° 2).

SMynbcuu mecmuposasnu Ha MemMHo8YH U homouHOYyYUPOBAHHY MOKCUYHOCMb
0715 pubpobacmos nézkux yesnoseka. [joza YO-uznyueHus 0ns pomoakmusayuu
yparokymapuHoe cocmasuna 9 [x/cm?. B kauecmse ghomoceHcubunu3amopa
CpasHeHUs UCN0oJ163084J1U pACMBOP X/I0PUHA €6.

Pe3ynemameol. [losydeHHble 3Mynbcuu cooepxanu 1 me/mn 8-memokcuncoparie-
Ha. O6e amynbcuu bbl/IU 20MO2eHHbIMU NPU MAKPO- U MUKpOCKonuYeckoU 8u3yasu-
3ayuu, COXpaHaAIu cmabusibHOCMb NPU XPAHEHUU 8 PA3/IUYHbIX MeMNepamypHbixX
ycrosusx 8 meyeHue 14 oHel. Imynscus NO 2 He NpoAsaAna meMHO80U MOKCUY-
HOCMU U 8bI3b18aJ10 CMAMUCMUYECKU 3Ha4YUMOe y2HemeHue XXU3HecnocobHocmu
knemok npu Y®-obsyyeHuu u KoHyeHmpayuu 12,5-31,3 mke/mn. Imynecus N 1
0Ka3b18a/10 MoKcuYeckoe delicmaue Ha Kiemku Hezagucumo om YO-obnyyeHus
u3-3a codepxaHus 8 cocmase meuHa-80. [1o 0aHHbIM ¢1yopecyeHMHOU MUKpPO-
ckonuu, gomomokcuyeckoe delicmgue dMysbcuu N° 2 NposA8sIAnOCh 2/1A8HbIM
06pasom 3a cuém anonmosd, 8 omsu4ue om 0elicmaus XJI0pUHa e6, NpU KOMOpPOM
umesnucb bosiee 8bIpaXxeHHble NPU3HAKU HEKPO3d K/IeMOK.

3aknroyeHue. PazpabomarHsie 3KCNepUMEHMAsbHble SMYIbCUOHHbIE (hOpMbI
¢ypaHokymapuHos 6opujesuka COCHOBCKO20 A8/1A0mM cobol npumep nepcnek-
MUBHbIX JIeKAPCMBEHHbIX (hOMOCEeHCUbUIU3AMOpPO8 pacmMumesibHo20 NPouUc-
X0ox0eHus 0715 (hpomomepanuu pasudHelx 3a6o1esaHull 8 cghepe depmamosioauu
U OHKOJ102UU.

Knrouesoble cnoesa: smynbcus, pypaHokymapuHsl, 6opujesuk CocHosckozo, YO-
u3Jsly4eHue, meuH-80, 1eyumuH, anonmos
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COCHOBCKOrO 11 OLieHKa 1X GOTOTOKCMYECKOro AeNCTBUSA in vitro. Acta biomedica scientifica.
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OBJECTIVES

One of the substances widely used in medicine
for photochemotherapy are furanocoumarins, among
which psoralen derivatives (5-methoxypsoralen (5-MOP),
8-methoxypsoralen (8-MOP), etc.) have clinically prov-
en effect [1]. Sosnowsky’s hogweed stands out among
the plants containing high concentrations of psoralen
and its derivatives [2]. In some regions of the globe, in-
cluding Russia, Sosnowsky’s hogweed, as well as other spe-
cies of giant hogweeds, is recognized as a dangerous phy-
toinvasive species and is widely eradicated [3]. As Sosnow-
sky’s hogweed is widespread and rapidly growing phyto-
mass, its plant raw material is very accessible for harvest-
ing and pharmaceutical use.

Currently, the plant Ammi majus is the source
of furanocoumarins for the production of Ammifurin,
photosensitizing drug. Its fruits contain about 2 %
furanocoumarins. Ammi preparations are used as an-
tipsoriatic agents for PUVA (psoralen and ultraviolet A)
therapy [4].

Ammi majus is inferior to Sosnowsky’s hogweed
in phytomass for the production of furanocoumarins.
Ammi furanocoumarins are localized predominantly
in the fruits of the plant and are mixed with a large num-
ber of hydrophobic related substances [4]. Ammi majus
can be found wild only in warm climatic conditions [5, 6]
and in other regions it requires special cultivation con-
ditions.

Furanocoumarins are very lipophilic substances,
but they must be in an aqueous environment to real-
ize their photobiological potential [7]. In various studies,
furanocoumarins are tested as alcoholic solutions or di-
methyl sulfoxide (DMSO) solutions [8, 9], where furano-
coumarins remain stable at high concentrations (more
than 1 mg/ml) provided at least 80 % DMSO is present
in the solvent. The problem of solubility of furanocou-
marins in water can be solved by creating an emulsion
form [10]. Obtaining an emulsion form of furanocoumarins
may alter or disappear the native photosensitizing effect
induced by the plantitself [11]. Until now, furanocoumarin
emulsions based on medicinal plant raw materials have
not been developed and used. In this regard, it becomes
relevant to control the specific activity of active substanc-
es, in our case furanocoumarins.

An effective dosage form of furanocoumarins
with available raw materials for its manufacture
can be widely used as an agent for PUVA therapy
or as an antineoplastic agent against skin neoplasia:
for example, microemulsion for transcutaneous delivery
of furanocoumarins containing various emulsifiers (isopro-
pyl myristate, tween-80, span-80, octanediol) [10]. Micro-
emulsions of 8-methoxypsoralen are intended for PUVA
therapy as topical photosensitizers. However, the corre-
lation between dark and photoinduced toxicity is unfair-
ly little considered in such studies.

There is a view that a simple photosensitizer emul-
sion is not suitable for emulsion droplets without poly-
mer coatings, and the photosensitizing effect of simple
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and polymer-associated emulsions has not been com-
pared [11].

The use of nanoemulsions of furanocoumarins, where
essential oil is used as the oil phase, has been proposed
for local administration. It has been found that despite
the finely dispersed composition (about 30 nm) of the re-
sulting emulsion, it is also well retained in the skin [12].
However, we cannot, for example, talk about the paren-
teral administration in case of such emulsions.

Researchers offering emulsion formulations for skin
application have a fairly wide choice of solvents, as furano-
coumarins can dissolve in many essential and fatty oils.
However, if the photosensitizer is to be administered par-
enterally, the range of oils available for use is sharply nar-
rowed. The need to administer the photosensitizer intra-
vascularly may be motivated by a more significant effect,
as opposed to superficial application, which has been re-
peatedly shown by various researchers [13, 14]. Paren-
teral formulation of the photosensitizer is also necessary
for intratumoral administration during therapy of unre-
sectable tumors [15, 16] or delivery of activating radiation
via optical fiber into the tumor tissue [17].

The aim of this study was to obtain stable emulsions
containing furanocoumarins isolated from Sosnowsky’s
hogweed and to evaluate their photocytotoxicity.

MATERIALS AND METHODS

The source of plant raw material was the aerial part
of Heracleum sosnowskyi Manden. The plant was defined
according to The Giant Hogweed Best Practice Manual. Guide-
lines for the Management and Control of an Invasive Weed
in Europe (2005). The furanocoumarins fraction was extract-
ed from the sap of the aerial part. The extraction, purifica-
tion and high-performance liquid chromatography (HPLC)
process was carried out according to the previously de-
scribed methodology [18], the scheme of which is shown
in Figure 1.

Two emulsions with different emulsifying agents
were prepared from the extractive fraction containing
furanocoumarins. For the manufacturing of emulsions,
the dried extract containing 100 mg of 8-MOP was dis-
solved on heating in 10 ml of peach oil (Mirrolla, Russia).
Further work was carried out with the heated oil extract
solution for emulsion manufacturing.

An aqueous 2.5 % solution of polysorbate 80
(Tween-80) (Sigma-Aldrich, USA) was used as a stabi-
lizer for the first method of furanocoumarins emulsion
(emulsion No. 1) manufacturing. Under vigorous stirring
and constant temperature of 25 °C, 1 ml (0.916 g) of an oil
solution of furanocoumarins of Sosnowsky’s hogweed
with a concentration of 8-MOP 6.125 mg/ml was added
dropwise to 5 ml of polysorbate solution. The prepared
mixture was stirred for 10 minutes and then exposed
to ultrasound (50 W) for 10 minutes. A total of 3 repet-
itive emulsification cycles were performed. The quality
of the prepared emulsion was controlled by light micros-
copy in three stages: 1) immediately after preparation;



2) after storage in a refrigerator for 96 h at 4 °C; 3) after
storage at 20-22 °C for 14 days.

The second variant of furanocoumarins emulsion
(emulsion No. 2). The aqueous phase was made by adding
0.1315 g of glycerol (Sigma-Aldrich, USA) to 5 ml of deion-
ized water; the mixture was stirred on a magnetic stirrer
at 70-75 °C. At the same time, an oil phase was prepared
from 0.1 g of lecithin (phosphatidylcholine, EPCS 10 8018-
1/130, Lipoid, Germany) and 0.916 g of an oil solution
of hogweed furanocoumarins obtained according to the
method described above. The mixture was stirred at 90 °C
untila homogeneous consistency is obtained. The oil phase
was slowly added to the aqueous phase at a temperature
of 70-75 °C while stirring vigorously. The resulting emul-
sion was stirred at 70-75 °C for 10 minutes. The mixture
was then homogenized using ultrasound (200 W - 1 min;
25/2 s cycle) until emulsion globules were formed.

The study of emulsion cytotoxicity was carried
out on cell culture of human lung fibroblasts (HLF)
in the National Research Center for Epidemiology and Mi-
crobiology named after Honorary Academician N.F. Ga-
maleya of the Ministry of Health of Russia. During the ex-
ponential growth phase, cells were dispersed into a 96-
well plate at a concentration of 5,000 cells/well and in-
cubated for 24 h under standard conditions on DMEM
medium supplemented with 10 % FBS (fetal bovine se-
rum) and antibiotics (penicillin-streptomycin) at 5 %
CO, and 37 °C.

e

Phototoxic reactions of furanocoumarins were in-
duced using an ultraviolet (UV) lamp (365 nm, 40 W; Came-
lion LH26-FS/BLB/E27, China), which was placed at a fixed
distance of 20 cm from the target cells to obtain a con-
stant radiation intensity of 35 mW/cm?. Radiation inten-
sity was measured using a ThorLabs PM100D radiometer
(Germany). The photocytotoxic effects of the emulsions
were determined at concentrations of 8-MOP in the well
of the plate: 125, 62.5, 31.3, 15.6, 7.8, 3.9, 2 and 1 pg/ml.
Cells were irradiated with UV light four hours [19] after
emulsions were applied.

Chlorin e6, a photosensitizer from the group of por-
phyrins, was used to control photodynamic stress.
Chlorin e6 solution (50 pg/ml) was prepared in DMSO
(50 mg/ml) and stored in a dark place at 4 °C. For the in-
duction of photodynamic action with chlorin e6, concen-
trations in the well of the plate were used: 6.3-0.05 pg/ml
[20, 21]. The cells were irradiated with 660 nm LED lamp
irradiation.

The radiation dose was selected empirically based
on the results of a control experiment without appli-
cation of the test agents. 1 hours after irradiation, cells
were trypsinized and transferred to a 96-well plate
with medium. After 24 hours of incubation, cell viabil-
ity was assessed using the MTT assay [22]. Tween-80
and lecithin were administered separately to assess their
contribution to cytotoxic effects. The phototoxic effect
of each photosensitizer was monitored in relation to cells

Heracleum sosnowskyi

Chloroform
extraction

Gradient column chromatography
Benzene — Benzene : ethyl acetate (3:1) — (1:1) — (1: 3) — methanol

- — 1

T~

[ Fraction 1 ] [ Fraction 2 ] [ Fraction 3 ]

Fraction 6

[ Fraction 4 ] [ Fraction 5 ]

Vacuum drying,
dissolution in acetonitrile

v
[ Cooling to +2 °C ]

[ HPLC H
FIG. 1.

Scheme for isolating the furanocoumarin fraction from the Sosnowsky’s hogweed sap. High-efficiency liquid chromatography of extractive
fractions was carried out in isocratic mode (chromatography system by Gilson (France); Kromasil C18 column 4.5 mm X 5 um x 250 mm).
Mobile phase: water/acetonitrile (1:1). Flow rate 0.8 ml/min. Detection at wavelength 250 nm. Software “Millichrome” (Russia). Analytical
standards: 5-methoxypsoralen, 8-methoxypsoralen (Sigma-Aldrich, USA)

Cold filtration
at+2 °C
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that were placed in a dark place after administration
of the test substances. Cell viability in all experimental
groups was evaluated relative to a control series of wells
(negative control) in which no test component was placed
and no irradiation was performed.

After 24 hours of incubation, the medium was replaced
with 5 % MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl). MTT was reduced to formazan crystals, which was
evaluated using an inverted microscope (Micromed, Rus-
sia). The medium was then removed and 150 pl of DMSO
was added and stirred for 20 min at 37 °C. Optical density
was measured on Varioskan Lux Reader (Thermo Fisher Sci-
entific, USA) at a wavelength of 570 nm versus 650 nm ref-
erence wavelength. Optical density (OD) results were dis-
played in % OD (sample) / OD (control).

Data are presented as mean * standard error of mean
(SEM) for > 3 independent experiments or half maxi-
mal inhibitory concentration (ICs,) values and their 95 %
confidence intervals obtained by nonlinear regression.
Differences between experimental groups were com-
pared by statistical data processing using Student’s
t-test and ANOVA test. The critical level of statistical sig-
nificance of the differences was 5 % (p < 0.05). All statis-
tical analyses were performed using SPSS Statistics 10.0
software (IBM Corp., USA).

RESULTS

A fraction with high content of furanocoumarins (8-
and 5-methoxypsoralen) was found using HPLC of the
extract. The appearance of the chromatograms is shown
in Figure 2.

The retention time of the substances of the Sosnow-
sky’s hogweed extract corresponded to the retention

400
350 B
300
250

mV

200

150

100 =
50
0

0123456 7 8 9101112131415

Time, min

a
FIG. 2.

time of the analytical standards 8- and 5-MOP. Accord-
ing to the calibration curve (peak area versus concentra-
tion) constructed using a solution of 5- and 8-MOP in ace-
tonitrile, the concentration of 8-MOP in the original sap
was 506 mg/l, and that of 5-MOP was 23 mg/I.

Based on the predominance of 8-MOP in the sap
of Sosnowsky’s hogweed, this furanocoumarin was taken
as the dosage active substance in the emulsions.

When the concentration of 8-MOP in peach oil
was 6.125 mg/ml at room temperature (20 °C), no needle
crystals of furanocoumarins were formed and a stable
oil solution was obtained. However, when the solution
was placed in a refrigerator at 4 °C, needle crystal pre-
cipitation occurred. The concentration in the 8-MOP oil
solution that did not result in crystals at 20 °C and 4 °C
was 3 mg/ml. The experimentally obtained solubili-
ty limit of extractive furanocoumarins in oil is similar
to that obtained by B. Baroli et al. for chemical sub-
stances [10].

The quantities of emulsion ingredients are listed in Ta-
ble 1. Both emulsions contained 8-MOP at a concentration
of T mg/ml.

The obtained emulsions were homogeneous visu-
ally and under microscopy. The emulsion samples re-
mained stable during a storage period of 14 days or more
with the temperature range of 4-20 °C.

UV radiation had a statistically significant inhibito-
ry effect on HLF cell development at a dose of 22 J/cm?2.
Thus, the ultimate safe dose of this radiation was 18 J/cm?
(Fig. 3a). However, this dose had a large error in the mean,
and we adopted a UV dose of 9 J/cm? as an indifferent
dose for this cell type. LED wavelength radiation (660 nm)
did not cause a statistically significant decrease in cell
viability up to a dose of 30 J/cm? (Fig. 3a) and was used
at this power to photoactivate chlorin e6.

55
50 s-ﬂOP
n
45 o
40
35
>
c 30
25
20
15 5-MOP
©o
10 =)
5
0
0123456 7 8 9 101112131415
Time, min

b

Chromatograms of a solution of furanocoumarins (8- and 5-methoxypsoralen) in acetonitrile (a) and of the extract of Sosnowsky’s hog-
weed sap containing high concentrations of the same furanocoumarins (b)
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TABLE 1

COMPOSITION OF OBTAINED EMULSIONS OF FURANOCOUMARIN FROM SOSNOWSKY’S HOGWEED

Composition of emulsion sample No. 1 (w/w %)

Water Peach oil 8-MOP Tween-80
82.7 15.15 0.1 2.05
Composition of emulsion sample No. 2 (w/w %)
Water Glycerin Peach oil 8-MOP Lecithin
81.3 2.12 14.89 0.1 1.63
120 - 120 - Chlorin e6
mUV m660 nm ® Chlorin e6 + 660 nm -[ T
i T
100 100 + -l- . f_
R T ¥ % -
i +
< 80 2 80 . i +_r . -
z 3 + 7
= 60 A +
3" : PR
> =
= 40 Sa{t+ 7
(&) T -
20 20 -
0 0
4 25 9 4 1375 18 15 22 30 63 31 16 08 04 02 01 005
Jicm? pg/ml
a b
FIG. 3.

Change in viability of HLF cells under different doses of UV (365 nm) and red (660 nm) radiation (a); photodynamic effect of chlorin e6
on HLF cells (b): + - statistically significant differences with values of the control group, without application of test substances and irradia-
tion; * - statistically significant differences with values without irradiation at the same concentration of chlorin e6

MTT assay in the group using the photodynamic photo-
sensitizer chlorin e6 showed statistically significant chang-
es in HLF cell viability due to the photosensitizing effect.
At concentrations of 1.6-6.3 ug/ml, chlorin e6 had a signif-
icant toxicity against HLF cells, as at these concentrations
cell viability was statistically significantly reduced relative
to the negative control group in both cultivation regimes
(Fig. 3b). Starting from chlorin concentration e6 1.6 ug/ml,
the photosensitizing effect of chlorin began to appear,
as in this case cell viability was statistically significantly low-
er(p <0.01) than in the dark regime (Fig. 3b). At lower con-
centrations of chlorin e6, its phototoxicity was still present
at all dilutions (0.05-0.8 ug/ml), as evidenced by the low
cell viability (at 68-75 %), which had statistically signif-
icant differences from that in the group of cells that re-
ceived chlorin at the same concentrations but were not ex-
posed to LED irradiation (Fig. 3b). At a chlorin e6 concen-
tration of 0.4 ug/ml and irradiation, no statistically signif-
icant differences with the dark regime were noted. How-
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ever, relative to intact cells, lower viability was noted
at p <0.001 (Fig. 3b).

Figure 4a shows that emulsion No. 1 has a cytotoxic
effect on cells at fairly low concentrations. It is shown
that there is no significant difference in cell survival
without and after UV irradiation. Up to a concentration
of 2 ug/ml in 8-MOP medium, emulsion No. 1 shows
statistically significant cytotoxicity. However, if the in-
trinsic toxicity of tween-80 is considered (Fig. 4b),
it can be seen that it repeats in general the toxicity
of emulsion No.1.

Emulsion No. 2 without UV irradiation had no toxic ef-
fect on cells. In contrast to emulsion No. 1, lecithin was used
as an emulsifier in emulsion No. 2, which did not show
its own cytotoxicity at the concentrations studied. Leci-
thin, examined in isolation from other emulsion compo-
nents, did not cause statistically significant changes in HLF
culture viability under both dark and UV irradiation condi-
tions (Fig. 4b).
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When emulsion No. 2 is used in combination with UV,
a clear phototoxic effect can be observed against cells
at 8-MOP concentrations of 125, 62.5 and 31.3 pg/ml.
At these concentrations, emulsion No. 2 reduced cell vi-
ability to 38 + 9, 25 + 6 and 41 + 3 %, respectively, ver-
sus 86+ 6% (p<0.01),110%x 1% (p <0.001) and 87 £3 %
(p<0.001) at the same concentrations but under dark con-
ditions (Fig. 4b).

Relative to intact cells of the negative control, cells
that received emulsion No. 2 in photomode also had sta-
tistically significantly lower viability values. Thus, at 8-MOP
concentrations of 31.3,62.5 and 125 pg/ml and UV irradia-
tion, cell viability was statistically significantly lower than
in the control at the statistical significance level of 0.017,
0.0048 and 0.018, respectively (Fig. 4a).

At lower concentrations (1-15.6 pg/ml), emulsion
No. 2 did not inhibit cell viability under both dark and UV
conditions. Therefore, it can be concluded that the con-
centration of 8-MOP 31.3 pg/ml for this type of cells ap-

peared to be the limit for realization of phototoxic action
of emulsion No. 2.
Fluorescence microscopy showed that in a large per-
centage of cases, cells lost viability due to apoptosis (Fig. 5).
Apoptotic cells at early and late stages were detected in all
test groups. Without cell culture intervention, the percent-
age of cells in apoptosis was 7 + 3 %. After UV irradiation
(9 J/cm?) it increased to 15 * 3.5 %, which was not statis-
tically significant. A distinctive feature of cells with signs
of apoptosis in the group with emulsion No. 2 and chlo-
rin e6 after photoactivation was the presence of vesicles
on the cell membrane. Almost all cells in these groups
had this trait after irradiation (Fig. 5). The highest number
of apoptotic cells could be noted in the group with emul-
sion No. 2 after UV irradiation, where 84 + 6 % of all cells
showed signs of apoptosis. Necrotic cells with karyorrhex-
is and monotonous red and brown cytoplasm were found
most extensively in the groups with emulsion No. 1
and tween-80 in 25 % and 28 % of cases, respectively.

140 -
120 - T
100 - T
2 T T | T
> 80 A
=
S 60 - * * + + & T
g + + 4+ | + 4 T =
= 40 A * T T T -|;_+
3 7+ + +
204 & *
0
125 62,5 31,3 15,6 7,8 3,9 2 1
8-MOP, ug/ml
= emulsion No. 1 m emulsion No. 1+ UV emulsion No. 2 ® emulsion No.2+ UV
a
140 1
120 A T
* 100 -
£ 80 A
S
S 60 -
8 40 {
20 -

0 .
Tween-80, pg/ml

2600 1300 650
Lecithin, pg/ml 2500 1250 630
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TABLE 2

RATIO OF DARK AND PHOTOINDUCED CONCENTRATION (MG/ML) OF HALF MAXIMAL INHIBITION (ICy,  n/1Cs ,/660)

FOR 8-MOP IN EMULSIONS, EMULSIFIERS AND CHLORIN E6

Emulsion No. 1 (8-MOP) Tween-80

1.2/10.5 51/69.5

At the same time, the number of cells with signs of ap-
optosis and necrosis did not statistically significantly increase
under UV irradiation (Fig. 5). The increase in cells show-
ing signs of apoptosis and necrosis when exposed to UV
irradiation on cells treated with emulsion No. 2 was sim-
ilar to that of chlorin e6, where after red light irradiation
an average of 55 + 2 % of cells were in a state of apoptosis
and 14 + 1 % were in a state of necrosis. In the group treat-
ed with lecithin at a concentration of 2.5 mg/ml, vesicles
on the cell membrane were extremely rare, and the mor-
phological pattern of this group did not change after UV ir-
radiation.

Injection of lecithin into the medium with cells result-
ed in 24 £ 2 % of cells showing signs of apoptosis (Fig. 5).
However, UV irradiation did little to change cell morpholo-
gy upon lecithin application with 40 + 8% of cells in a state
of apoptosis.

The concentration of half-maximal inhibition of 8-MOP
in emulsion No. 1 did not decrease but increased upon
UV irradiation of cells (Table 2), which was apparently due
to the prevailing toxicity of tween-80 for this emulsion,
which prevented the detection of the photosensitizing ef-
fect of 8-MOP in vitro.

Emulsion No. 2 was responsive to UV irradiation
and markedly reduced cell viability. In the absence
of UV, emulsion No. 2 was found to be non-toxic to cells
and IC,; in a dark place was not reached for this emul-
sion (Table 2).

DISCUSSION

Therefore, emulsion No. 2 has a photocytotoxic effect
due to the furanocoumarins of Sosnowky’s hogweed con-
tained in it and is not toxic to human cells in the absence
of UV radiation. Emulsion No. 1 has its own cytotoxicity
due to its tween-80 content. Tween-80 has previously been
shown to have membranotoxic properties [23]. Howev-
er, the toxicity of tween-80 does not negate the presence
of photoinduced toxicity in emulsion No. 1, as the in vit-
ro toxicity of tween-80 may override it. The development
of a stable emulsion dosage form in our study was aimed
at the prospective use of furanocoumarins in vivo to cre-
ate an affordable and easy to manufacture dosage form
for photochemotherapy [24]. The emulsion form studied
overcomes the difficulties associated with the hydropho-

Emulsion No. 2 (8-MOP)

Lecithin Chlorin e6

-/36.8 4/2

bicity of furanocoumarin molecules and effectively stabi-
lizes them as a liquid heterogeneous system [25]. Lecithin
used to create emulsion No. 2 showed itself as a photo-in-
dependent component, which is consistent with the liter-
ature [26], and therefore did not interfere with the photo-
toxic effect of furanocoumarins.

Despite the fact that Sosnowsky’s hogweed is a danger-
ous invasive plant growing in many regions of the world.
Nevertheless, its physiological features and chemical com-
position make it a unique and accessible source of raw
materials for the production of highly active photosensi-
tizers, which may become an alternative to phthalocya-
nines against various diseases, including neoplasms, re-
quiring the use of photoactive materials [16]. As our study
showed, furanocoumarins of Sosnowsky’s hogweed have
a phototoxic effect on isolated cells, unlike the stand-
ard photosensitizer chlorin e6 — mainly due to the activa-
tion of apoptosis (Fig. 5). A characteristic morphological
sign of cell apoptosis under the influence of furanocou-
marins of Sosnowsky’s hogweed was the presence of ves-
icles on the cytoplasmic membrane. This probably com-
plements the mechanism of photocytotoxicity of the hog-
weed furanocoumarins and suggests their membrano-
toxic action [27]. The same mechanism of phototoxicity
is characteristic of photosensitizers, porphyrin derivatives,
which require oxygen and the activator, light, for acti-
vation [28]. However, the mechanism of photosensitiz-
ing action of furanocoumarins is related to the formation
of A-covalent monoadducts and interchain cross-links
in DNA between pyrimidine bases under UV radiation [29].
This mechanism is not the classical photodynamic mecha-
nism characteristic of chlorin e6 and other porphyrin-type
photosensitizers.

CONCLUSION

The developed experimental emulsions of furano-
coumarins from Sosnowsky’s hogweed are an example
of promising medicinal photosensitizers of plant origin
for phototherapy of various dermatological and oncolog-
ical diseases.
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