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Abstract: In the previous study fifteen jatrophane diterpenes were isolated from
the Euphorbia nicaeensis latex. Fourteen of them have been shown to be potent
P-glycoprotein (P-gp) inhibitor in two MDR cancer cells (NCI-H460/R and
DLDI1-TxR). The aim of this study was to determine whether and which jatro-
phane diterpenes can be isolated from the root of the plant, and then to examine
their inhibition power on P-glycoprotein of selected cancer cell lines (NCI-
-H460, DLD1, U87, NCI-H460/R, DLD1-TxR and U87-TxR). Two previously
undescribed jatrophane diterpenes were isolated from the root of E. nicaeensis
collected in Deliblato Sand (Serbia). The structures of the isolated compounds
were determined using 1D and 2D NMR, as well as HRESIMS data. The
results obtained by MTT assay showed different antitumor potential of these
two jatrophanes. Compound 1 inhibited cell growth of non-small cell lung car-
cinoma cell lines NCI-H460 and NCI-H460/R, as well as glioblastoma cell
lines U87 and U87-TxR, while jatrophane 2 was almost completely inactive in
the suppression of cancer cell growth in a given range of concentrations. The
obtained results also showed that the isolated compounds have an inhibitory
effect on P-glycoprotein, as well as that their inhibitory potential is similar.

Keywords: terpenoids; Euphorbiaceae; P-glycoprotein; MDR.

INTRODUCTION

Jatrophane diterpenes are secondary metabolites characteristic only for the
family Euphorbiaceae, primarily for the plants of genus Euphorbia.! More than
350 jatrophane derivatives have been isolated up to now, of which only four have
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been isolated from the genus Jatropha, while the rest have been isolated from the
genus Euphorbia.l2 These macrocyclic diterpenes are mostly constructed of a
bicyclic [10.3.0] pentadecane system that can be highly functionalized. The great
diversity in the structure of these compounds is enabled by the different oxygen-
ation of the jatrophane skeleton, the presence of different ester groups, but also
by the possibility of these compounds to appear in different conformations of the
twelve-membered ring. The jatrophane diterpenes have been investigated for dec-
ades in search for new drugs that prevent multidrug resistance (MDR).3-4 The
MDR is a major medical problem because more and more tumours are becoming
resistant to applicable drugs. For this reason, it is necessary to find a way to over-
come MDR so that drugs can perform their function again. By the examination of
the development of cell resistance to the drugs used, it was found that one of the
mechanisms is the overexpression of P-glycoprotein (P-gp).3=> Overexpression
of P-gp prevents the accumulation of the drug in a cancer cell and thus reduces the
therapeutic dose of the drug and increases the resistance of tumour cells. The pre-
vious research showed that many naturally occurring jatrophane derivatives have
shown higher potencies than ordinary used P-gp inhibitors cyclosporin A or vera-
pamil; hence, they are promising candidates for further drug research.6-8 Our pre-
vious study showed that jatrophane diterpenes isolated from E. nicaeensis latex
have significant MDR activity, and the major mechanism of their action was inhi-
bition of P-gp expression.? The aim of this study was to isolate the jatrophane
diterpenes from the root of E. nicaeensis, and to examine their inhibitory on P-gp.

EXPERIMENTAL
Plant material

The roots of E. nicaeensis was collected from wild stock at Deliblato Sands (Serbia),
collection site at latitude: 44°56'57" N and longitude: 21°11'13" E, in May 2018. The plant
was identified by Professor Petar Marin, University of Belgrade — Faculty of Biology, Insti-
tute of Botany. Voucher specimen (No. 16,855) has been deposited at the Herbarium of Bota-
nical Garden “Jevremovac” University of Belgrade, Belgrade (Serbia).

Isolation and purification

The roots (152 g) were dried, grounded and extracted with 96 % ethanol with heating
(2 h) and then left overnight at room temperature. The obtained extract (25 g) was then sub-
jected to the column chromatography (dry flash (SiO,, eluent petroleum ether/acetone, gradi-
ent 10/0 — 1/9), Table S-I). Progress of separation was followed by TLC (precoated Merck
silica gel 60 F,s4 plates) and 'H-NMR spectra. The fraction that contained jatrophanes was
eluted with 20 % acetone. That fraction was further separated using the column chromato-
graphy (dry flash (SiO,, isocratic, petroleum ether/acetone 97/3)) to afford subfraction F1.
The subfraction F1 was further purified by the preparative normal phase liquid chromato-
graphy (NP-LC), using an Agilent Technologies 1260 series liquid chromatograph equipped
with diode-array detector (4 = 210 nm), autosampler and thermostated column compartment,
under the following conditions: injection volume 500 uL (¢ ~10 mg mL"!, acetone), Zorbax
RX-Sil column (250 mmx9.4 mm; 5 pm), column temp. 24 °C, mobile phase 4.00 mL min’!,
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isocratic, acetone/petroleum ether 12.5/87.5. The obtained fractions Fla and F1b were finally
purified by the preparative reversed phase liquid chromatography (RP-LC) using Agilent
Technologies 1100 series liquid chromatograph equipped with diode-array detector (4 210 and
264 nm), autosampler and thermostated column compartment. For the separation of the com-
pounds, the following LC parameters have been applied: the injection volume 1000 pL (¢ = 10
mg mL-!, MeOH), Zorbax XDB-C18 column (250 mmx9.4 mm; 5 pm), column temp. 20 °C,
mobile phase 4.00 mL min"!. The mobile phase consisted of two solvents: MilliQ water (sol-
vent A) and CH;CN (solvent B). The following gradient was set: 40-80 % B, 0—10 min,
80-90 % B, 10-15 min. ESI-MS spectra were recorded on Agilent Technologies 6550 Funnel
Q-TOF MS instrument in positive ion mode with MeOH/H,O 1/1 with 0.2 % HCOOH as the
carrying solvent solution. The samples were dissolved in MeOH (MS hypergrade purity). The
selected values were as follows: capillary voltage = 3,500 V, fragmentor voltage = 175 V,
nozzle voltage = 1,000 V, skimmer 1 = 65 V, octopole RF peak = 750 V, desolvatation gas
(nitrogen) temperature 200 °C, desolvatation gas (nitrogen) flow 14 L min!, sheat gas (nitro-
gen) flow 11 L min"!. From subfraction Fla (23.4 mg) the compound 1 (1.2 mg) was obtained,
while from fraction F1b (2.3 mg) the compound 2 (0.8 mg) was obtained. IR spectra were
recorded on a Thermo Scientific Nicolet 6700 FT-IR. 'H- and !3C-NMR spectra were rec-
orded on a Bruker 500 Avance III spectrometer (500.26 and 125.80 MHz, respectively) using
CDCl; as a solvent and TMS as the internal standard. Chemical shifts (J) are expressed in
ppm and coupling constants (J) in Hz.

Drugs

Tariquidar (TQ) was kindly provided by Dr. Sven Rottenberg from The Netherlands
Cancer Institute, Amsterdam. TQ was diluted in dimethyl sulfoxide and 10 uM aliquots were
kept at =20 °C. Jatrophane diterpenes (1 and 2) were kept as 20 mM stocks in 100 % ethanol
at —20 °C. Working solutions of 200 pM were prepared in 10 % ethanol.

Cells and cell culture

The NCI-H460, DLD1, and U87 cell lines were purchased from the American Type Cul-
ture Collection, Rockville, MD, USA. NCI-H460/R cells were selected from NCI-H460 cells
by their continuous culturing in a medium containing stepwise increasing concentrations of
doxorubicin for three months.!? Similarly, DLD1-TxR and U87-TxR cells were selected from
DLD1 and U87 cells, respectively, by continuous exposure to the stepwise increasing concen-
trations of paclitaxel during six to nine months.!! NCI-H460, NCI-H460/R, DLD1 and DLDI1-
-TxR were grown in RPMI 1640 medium supplemented with 10 % fetal bovine serum, 1 %
L-glutamine, and 1 % antibiotic—antimycotic mixture, while U87 and U87-TxR were culti-
vated in MEM supplemented with 10 % fetal bovine serum, 1 % L-glutamine, 1 % antibiotics,
and 1 % non-essential amino acids. All cell lines were sub-cultured two-times per week using
0.25 % trypsin/EDTA and seeded into a fresh medium at the following densities: 8,000 cells
cm? for NCI-H460, NCI-H460/R, DLD1 and DLDI-TxR, and 16,000 cells cm™ for U87 and
U87-TxR.

Cell viability assay

Cell viability was assessed by MTT assay (Sigma, St. Louis, MO, USA). MTT assay is
based on the reduction of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
into formazan dye by active mitochondria of living cells. Briefly, cells were seeded in 96-well
tissue culture plates (2,000 cells/well for NCI-H460, NCI-H460/R, DLD1 and DLDI1-TxR;
4,000 cells/well for U87 and U87-TxR) and incubated overnight in 100 pL of appropriate
medium. Afterwards, cells were treated with the increasing concentrations of jatrophane diter-
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penes 1 and 2 (1, 5, 10, 20 and 50 uM). All treatments lasted 72 h. At the end of treatment
period, 100 pL of MTT solution (1 mg mL!) was added to each well and plates were incub-
ated at 37 °C for 4 h. The formazan product was dissolved in 100 L DMSO. The absorbance
of obtained dye was measured at 570 nm with reference wavelength at 690 nm using an
automatic microplate reader (Multiskan Sky, Thermo Scientific, Waltham, MA, USA). ICs
value was defined as concentration of each drug that inhibited cell growth by 50 %. ICsy was
calculated by non-linear regression analysis using log (inhibitor) vs. normalized response in
GraphPad Prism 8.0.2 software.

Rhodamine 123 accumulation assay

The function of P-glycoprotein was analysed by flow cytometry exploiting the ability of
its substrate rhodamine 123 to emit fluorescence. The increased level of thodamine 123 accu-
mulation positively correlated with the inhibited P-glycoprotein function. TQ was used as a
positive control. The MDR cancer cells were suspended in 3.5 mL centrifuge tubes in a 5 uM
rhodamine 123-containing medium. Then, the cells were immediately treated with jatrophanes
1 and 2 (10 uM) and TQ (50 nM) and incubated at 37 °C in 5 % CO, for 30 min. The samples
were washed twice, suspended in 1 mL of cold phosphate-buffered saline, and analysed using
a flow cytometer (Partec, Miinster, Germany) and the data were analysed by Summit 4.3
(DAKO, Carpinteria, CA, USA). The fluorescence of rhodaminel23 was assessed on green
fluorescence channel 1 (FL1). At least 20000 events were assayed for each sample.

RESULTS AND DISCUSSION

Chemical analyses on the roots of E. nicaeensis afforded two unreported jatro-
phane diterpenes (Fig. 1). The structures of the isolated compounds and their rela-
tive configurations were established on the basis of spectroscopic analysis include-
ing 1D and 2D NMR (COSY, NOESY, HSQC, HMBC) and HRESIMS data.

1 2
Fig. 1. The structures of the isolated jatrophane diterpenes.

Compound 1, [a]20; D = —266.3 (¢ 0.08, acetone), was isolated as a colourless
amorphous substance with the molecular formula C3gH45011, as determined by the
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IH- and 13C-NMR data (Table S-II of the Supplementary material to this paper), as
well as the (+)ESI-HRMS m/z: calculated for [C3gH4701; + Na*] 697.2800, obs-
erved 697.2612, and the IR (ATR): 2974s, 1736s, 1230s, 1121m, 1023m, cm™1. Its
I3C-NMR spectra showed 38 carbon signals, including two keto carbonyls at
208.29 (C-9) and 204.69 (C-14), four ester carbons at 169.55 (C-1"), 163.90 (C-1"),
170.28 (C-1"), and 165.96 (C-1V), two double bond pairs (one geminally substi-
tuted (140.78 and 116.48, C-6(17)), and one trans substituted (135.48 and 133.22,
C-11(12))), eight aromatic carbons (129.50 (C-2"), 129.45 (C-3") 129.24 (C-4"),
129.34 (C-5"), 130.04 (C-2V), 130.69 (C-3V1) 133.85 (C-4Vi), and 133.94 (C-5V)),
five oxygenate carbons (91.30 (C-2), 77.92 (C-3), 73.94 (C-5), 76.78 (C-7) and
91.83 (C-15)), and six methyl groups (18.58 (C-16), 26.91 (C-18), 23.29 (C-19),
18.33 (C-20), 20.92 (C-2"), and 20.86 (C-21v)). The 'H-NMR and COSY spectra
revealed the presence of four separate J-coupling networks (A-D): A) H-1a/H-1p
(oyg 3.95 d and 2.56 d); B) H-3/H-4/H-5 (oy 4.71 brs, 2.85 d and 5.55 brs); C)
H-7/H-80/H-8f (oyg 4.97 d, 2.43 dd and 2.02 d); D) H-11/H-12/H-13/H-20 (dy,
5.22 d, 5.54 dd, 3.60 dq and 1.22 d), Figs. S-1 and S-3, Supplementary material).
The large vicinal coupling constants of signals H-11 (éy 5.22, J = 16.0 Hz) and H-
12 (dg 5.54, J = 16.0; 10 Hz) indicated £ geometry of the double bond at C-11
(Fig. S-1 of the Supplementary material). The COSY fragments were connected
using the long-range C—H correlations in the HMBC spectrum. The long-range
heteronuclear couplings (>*Jc ) of the carbons of C-15 with H-1a, H-18, H-3,
H5p and H-16 confirmed the presence of five-membered ring (ring A). The HMBC
correlations between H-5 and C-6, as well as C-6 with H-7 and H-17a/17b made it
possible to link the COSY fragments A and B. The long-range correlation between
C-9 with H-8, H-11, H-18 and H-19 connected COSY fragments B and C. The
linkage of fragment B with five-membered ring was enabled by the HMBC
correlations between C-14 and H-1a, H-14, H-4, H-12, H-13 and H-20 (Fig. S-4).
At the end, it was concluded that the isolated compound 1 is a jatrophane diterpene
with two keto groups (C-9 and C-14), and esters at positions C-2, C-5, C-7 and
C-15, respectively, and with a free hydroxyl group at C-3. Benzoyl ester at C-5 was
proved from HMBC correlation of the carbonyl signal (163.90) with the proton
H-5, while acetate at C-7 was identified from the HMBC correlation of the car-
bonyl signal (170.28) with the proton H-7 (Fig. S-4). The other two ester groups
were connected from NOESY correlations, because those ester groups were
attached to the quaternary carbons. The proton of the second benzoate (8.10 ppm)
showed coupling with the protons H-54, H-134 and H-16f4, as well as with the
protons of acetate at the C-7 position (Fig. S-5).

According to the chemical shift of C-15 (91.83) and HMBC correlations of
C-15 mentioned above, C-15 position of the benzoate was deduced. The protons
of the methyl group (1.75 ppm) of the second acetate exhibited NOESY correl-
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ation with the protons Hla, H3a, and the proton from the benzoate bound at the
C-5 position, indicating that this acetate is bound at the C-2 position (Fig. S-5).

The relative configuration of 1 was deduced by the interpretation of the
NOESY spectrum and coupling constants (Fig. S-5). The H-5/H-4 and H-5/H-88
NOE correlations, the absence of correlation between H-5 and H-17a/b, and a
small value of 3J4’5 (3 Hz) suggested that 1 belong to the exo-type conformation
with exomethylene 6,17-double bond.!2 The configuration of proton H-4 was
determined biogenetically as H-4a,!3 and the NOE interactions of H-4a with|
H-3o implied 35-OH orientation. The correlation of H-15 with methyl group at
C-16 suggested S orientation of H-16, and a-orientation of 2a-OAc. The NOE
correlation H-56/H-13f confirmed the orientation of the methyl group at C-13
(H-20a), as well as 5a-OBz and H-18a. The NOE interactions between H-4a and
H-7a indicated 74-OAc. The above evidences confirmed the structure of 1 as
2a,7p-diacetyloxy-34-hydroxy-5a,158-dibenzoyloxyjatropha-6(17),11E-diene-
-9,14-dione.

Compound 2, [a]?9; D = —68.8 (¢ = 0.08 g mL", methanol), IR (ATR):
2976s, 1734s, 1235s, 1122m, 1021s cm~!, was isolated as a colourless amor-
phous substance with the molecular formula C49H44017, as deduced by the 'H-
and 13C-NMR data (Table S-II), as well as the (+)ESI-HRMS m/z: calculated for
[C40H44017 + H'] 717.2906, observed 717.2904. The structure of compound 2
was similar to the structure of 1. Significant structural differences between these
two compounds were in the number of ester groups, as well as in the conform-
ation of the jatrophane skeleton. In contrast to the compound 1, in which there
were four ester groups, in compound 2 there were five (two benzoates and three
acetates). The positions of ester groups in this molecule were determined on the
basis of 3Jc,H HMBC correlations of the ester carbonyls and neighbouring pro-
tons from the jatrophane skeleton (Fig. S-8). The attachment of the acetates was
proved from HMBC correlations of the carbonyl signal at 169.50 with the proton
H-3 (dg 6.01), as well as the proton H-8 (dyy 5.13) and carbonyl 170.57. The cor-
relation of proton H-5 (g 5.77) and carbonyl signal at 165.64 enabled the bind-
ing of one benzoate to the C-5 position. The binding sites of the remaining two
esters were determined on the basis of the NOE correlations and chemical shifts
of carbons’ positions of attachment (C-2 and C-15), as in compound 1. The
relative configuration of 2 was determined by the interpretation of the NOESY
spectrum (Fig. S-9). The H-5/H-17a and H-8/H-17b NOE correlations, as well as
large value of 3J4 5 (6 Hz) suggested that 2 belonged to the endo-type conform-
ation with exomethylene 6,17-double bond perpendicular to the main plane,!?
that is usually adopted in compounds lacking substituent at C-7.14.15

All NMR spectra and spectroscopic data for compounds 1 and 2 are given in
the Supplementary material.
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Jatrophane diterpenoids are well-known for their multidrug resistance (MDR)
modulating potential due to the direct interaction and the inhibition of P-glyco-
protein.%16.17 The effect of 1 and 2 on the cell growth of six human cancer cell
lines (three pairs of sensitive and corresponding MDR cell lines) were examined.
The results obtained by MTT assay showed different antitumor potential of these
two jatrophanes. Specifically, 1 inhibited cell growth of non-small cell lung carci-
noma cell lines NCI-H460 and NCI-H460/R, as well as glioblastoma cell lines U87
and U87-TxR with ICsy values between 10 uM and 20 uM (Table I). Both
colorectal carcinoma cell lines, DLD1 and DLD1-TxR, were resistant to 1 with
1Csq values over 50 uM (Table I, Fig. 2). However, MDR cell lines (NCI-H460/R
and U87-TxR) were not resistant to 1, meaning that the /C5q values of MDR cell
lines were not significantly increased in comparison with the /Csq values of the
corresponding sensitive cell lines (NCI-H460 and U87, respectively). On the con-
trary, jatrophane 2 was almost completely inefficient in the suppression of cancer
cell growth in a given range of concentrations (1-50 uM). Only glioblastoma cell
line U87 responded to 2 treatment with /Csq value around 20 pM (Table I, Fig. 2).

TABLE I. Cancer cell growth inhibition (/Cs / uM, average + standard deviation) induced by
jatrophanes 1 and 2

Cell line Compound
1 2

NCI-H460 17.63:2.08 >50
NCI-H460/R 20.98+2.79 >50
DLDI >50 >50
DLDI-TxR >50 > 50
Us7 10.97£1.41 20.12+1.96
US7-TxR 15.49+3.57 > 50

Our previous results demonstrated that jatrophane diterpenoids are able to
selectively inhibit cancer cell growth without harming normal cells.!8 Besides,
jatrophanes showed potential to reverse resistance to paclitaxel and doxorubicin in
non-small cell lung carcinoma cells.%18 This chemosensitization effect of jatro-
phanes is related to their ability to inhibit P-glycoprotein function. Therefore, the
P-glycoprotein interaction with 1 and 2 in three human MDR cancer cell lines
(NCI-H460/R, DLD1-TxR, and U87-TxR), using functional rhodamine 123 accu-
mulation assay, was tested. The obtained results showed that jatrophanes 1 and 2
have similar potency in the inhibition of P-glycoprotein function (Table II). The
potential of the tested compounds to inhibit P-glycoprotein activity in MDR cancer
cell lines is expressed as fluorescence activity ratio (FAR), while sensitization
index (S7) was used to compare their effects in MDR cancer cell lines with the
rhodamine 123 accumulation in untreated sensitive cancer cell lines (Table II).
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Fig. 2. Non-linear regression analysis of cell growth inhibition induced by jatrophanes 1
(above) and 2 (below). MTT results obtained with 1 and 2 treatments in NCI-H460,
NCI-H460/R, DLDI1, DLDI-TxR, U87, and U87-TxR cells (absorbance at 570 nm corrected
with 690 nm) were transformed into percentages of cell growth normalized to untreated cells
and presented in log scale of concentrations using GraphPad Prism 8.0.2 software.

TABLE II. P-glycoprotein inhibition induced by 1 and 2 in MDR cancer cell lines

Medium NSCLC Colorectal carcinoma Glioblastoma
MFI? FAR® SI MFI FAR SI MFI FAR SI
Sensitive cellsd  100.30+2.93¢ 100.0 101.16+2.81 100.0 182.70+1.57 100.0
MDR cells 16.32+3.51 16.3 25.27+10.20 25.0 24.44+3.99 13.4
1f 114.62+10.92 7.0 114.3 202.93+1.34 8.0 200.6 149.80+0.98 6.1 82.0
2 92.41£2.92 57 92.1 212.55+1.55 8.4 210.1 144.94+1.00 5.9 79.3
TQ® 92.95+2.88 5.7 92.7 130.34+1.42 5.2 128.8 120.92+1.32 4.9 66.2

“The measured mean fluorescence intensity (MFI) was used for the calculation of the fluorescence activity ratio (FAR);
®yig the following equation: FAR = MFyiprucaed MF Ivipreontor; “the sensitivity index (S7) was calculated on the basis of
the measured mean fluorescence intensity (MFI) expressed via the following equation: S/ = (MFIvprueaea*100)/
IMF T ensiive control; dsensitive cancer cell lines and their MDR counterparts used in the study: non-small cell lung
carcinoma-NSCLC (NCI-H460 and NCI-H460/R), colorectal carcinoma (DLD1 and DLD1-TxR) and glioblastoma
(U87 and U87-TxR); “MFESEM (standard error of mean); jatrophanes were applied at the same concentration of 10
uM; 870 was applied at 50 nM

ST values reflect the capacity of 1 and 2 to restore the rhodamine 123 accumul-
ation in MDR cancer cell lines close to the level of accumulation observed in sen-
sitive cancer cell lines. On SI values scale, the strong sensitization exists when 50 <
< 81 <100 and there is a complete blockade of P-glycoprotein function when S7 >
> 100 (the level of accumulated rhodamine 123 in MDR cancer cells after treat-
ment with compounds that are P-glycoprotein inhibitors exceeds the level obtained
in sensitive cancer cells). Importantly, TQ, a non-competitive inhibitor of P-glyco-
protein,!9 was equally or less potent than 1 and 2 in all tested MDR cancer cell
lines (Table II). The highest increases in the rhodamine 123 accumulation and
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complete blockade of P-glycoprotein (S/ > 100) were observed in non-small lung
carcinoma cells (non-small cell lung cancer — NSCLC) NCI-H460/R treated with 1
and in colorectal carcinoma cells DLD1-TxR treated with both jatrophanes and TQ
(Table II). Similar strong sensitization in DLD1-TxR was achieved with jatro-
phanes 2, 4-6 and 15 that were isolated from the latex of Euphorbia dendroides.1”

CONCLUSION

In conclusion, the jatrophane diterpenoides 1 and 2 completely blocked
P-glycoprotein in MDR NSCLC and colorectal carcinoma cells showing even
higher potential than TQ in MDR colorectal carcinoma and glioblastoma cells.
Therefore, both jatrophanes could be valuable as sensitizing agents capable to
decrease the effective concentrations of drugs which are P-glycoprotein substrates.
Importantly, jatrophane 1 exerted cell growth inhibitory effect in NSCLC and glio-
blastoma cells, indicating that this compound could also have considerable anti-
cancer properties. Generally, these jatrophane diterpenoides can be used as lead
compounds for drug development and the improvement of chemotherapy.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11038, or from the corres-
ponding author on request.
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HayuoxanHol 3naudja 3a Peiiydnuxy Cpoujy, Ynueep3uitiein y Beoipagy, Bynesap gectiottia Citiedpana 142,
11060 Beoipag u 3YHueep3umem y Beoipagy — HHCTUTHY T 3a XeMUjy, WexHOL0TUjy U Meltanypiujy,
Lentuap 3a xemujy, Fbeiowesa 12, 11000 Beoipag
Y npeTxoAHOM HCTpaXkUBamwy, IETHAECT AUTEpIEHa jaTpodaHCKOT THUIIA M30JI0BAHO je U3
narekca Euphorbia nicaeensis. Thux 4yeTpHaecT mokas3aja Cy Ce Ka0 CHRXHU HHXUOUTODH
P-rnukonporeuna (P-gp) y nee MDR henujcke nunuje paka (NCI-H460/R u DLD1-TxR).
Llum oBe ctynuje duo je ma ce yTBPAHU Ja JiM je U Koje jarpodaHcke nuteprieHe moryhe n3o-
JI0BaTH U3 KOpeHa OWbKe, a 3aTUM HCIIUTHBabe BUX0BE UHXUOUTOpHE Mohu Ha P-riukomnpo-
TeuHy ofadpanux henujckux nunyja paka (NCI-H460, DLD1, U87, NCI-H460/R, DLD1-TxR
u U87-TxR). [IBa mpeTxofHO Hemo3HaTa jaTpodaHa M30J70BaHa Cy M3 KopeHa E. nicdeensis
npuKkynpeHor y Ienmbnarckoj neumrdapu. CTpyKType H30J0BaHUX jedumewma onpehene cy
npumeHom 1D u 2D NMR metoga, kao 1 HRESIMS excnepumenra. Pesyntatn podujenn
MTT Tecrom mokasanu Cy pPas3MYHT aHTUKAHIIEPOT€HW NOTEHIWjal OBa JABa jaTpodaHa.
Jenumewe 1 je uaxudupano pact henuja henujckux nuHUja HECUTHOhENHjCKOT KapuUUHOMA
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wiyha NCI-H460 u NCI-H460/R, xao u henujckux nuauja rauodnacroma U87 u U87-TxR,
IOk je jarpodan 2 H1o roToBO NMOTIYHO HeedHKacaH y cy3dujamy pacta hendja kapuuHOMa ¥
IaTOM KOHLIEHTPALMOHOM oricery. JlodujeHu pe3ynrTaTd cy Takohe mokasanu na 1 u 2 umajy
WHXUOUTOPHO [IejCTBO HAa P-TJIMKOMPOTEHH, Kao | [ je HhHUX0B HHXUOUTOPHH IOTEHLIHjal CIINYaH.

(ITpumibeHo 6. aBrycTa, peBupupano 14. centemdpa, mpuxsaheno 26. okrodpa 2021)
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