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Abstract: Lithocholic acid (LA) as the main component of bile and its derivatives are biologically
active compounds - they are proteasome regulators [Dang et al., 2011; 2012], activate the vitamin D
receptor and enhance the interaction of cholecalciferols with the receptor [Ishizawa et al., 2008;
Cheng et al., 2014], exhibit inhibitory activity against DNA polymerases B (pol B) [Mizushina et al.,
2004], and appear antibacterial [Nascimento et al., 2015] and antitumor effects [Samadi et al. ,
2017]. We have previously shown that the synthesized hybrid molecules based on steroids and cis-
unsaturated acids are apoptosis inducers in cell cultures Jurkat, K562, U937, HelLa, HEK293 and
inhibit in vitro the relaxation of supercoiled DNA induced by topoisomerase | [Dyakonov VA et al.,
2013]. In the continuation of these studies, we synthesized the conjugates LA and (5Z, 97)-
tetradeca-5,9-dienedioic acid, which are linked through ethylene glycol and diaminoalkane spacers
of different lengths, and also studied the antitumor activity of the synthesized compounds. The
synthesis of the target hybrid molecules based on LA and (5Z,97)-tetradeca-5,9-dienedioic acid, was
carried out in two approaches: via 3-O-acetation of LA using a dicarboxylic acid, and then modified
the LA carboxyl group at the C-24 position. For all synthesized compounds, the in vitro antitumor
activity was evaluated for the first time on Jurkat, K562, HEK293, HELA, and U937 cell lines, using
the Guava Nexin Reagent, Guava Cell Cycle and Guava ViaCount (Millipore) reagent kits, including
the determination of IC50, the study of viability cells and influence on the cell cycle using flow
cytometry.
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Introduction

Lithocholic acid (LA) as the main component of bile and its derivatives are biologically active
compounds - they are proteasome regulators [Dang et al., 2011; 2012], activate the vitamin
D receptor and enhance the interaction of cholecalciferols with the receptor [Ishizawa et al.,
2008; Cheng et al., 2014], exhibit inhibitory activity against DNA polymerases B (pol B)
[Mizushina et al., 2004], and appear antibacterial [Nascimento et al., 2015] and antitumor
effects [Samadi et al. , 2017]. We have previously shown that the synthesized hybrid
molecules based on steroids and cis-unsaturated acids are apoptosis inducers in cell cultures
Jurkat, K562, U937, Hela, HEK293 and inhibit in vitro the relaxation of supercoiled DNA
induced by topoisomerase | [Dyakonov VA et al., 2013]. In the continuation of these studies,
we synthesized the conjugates LA and (5Z,9Z)-tetradeca-5,9-dienedioic acid, which are linked
through ethylene glycol and diaminoalkane spacers of different lengths, and also studied the
antitumor activity of the synthesized compounds. The synthesis of the target hybrid
molecules based on LA and (57Z,97)-tetradeca-5,9-dienedioic acid, was carried out in two
approaches: via 3-O-acetation of LA using a dicarboxylic acid, and then modified the LA
carboxyl group at the C-24 position. For all synthesized compounds, the in vitro antitumor
activity was evaluated for the first time on Jurkat, K562, HEK293, HELA, and U937 cell lines,
using the Guava Nexin Reagent, Guava Cell Cycle and Guava ViaCount (Millipore) reagent
kits, including the determination of IC50, the study of viability cells and influence on the cell
cycle using flow cytometry.
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Results and discussion
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Scheme 1. Synthesis of (5Z,9Z)-tetradeca-5,9-diene-1,14-diol and (5Z,9Z)-tetradeca-5,9-dienedioic acid. (a): EtMgBr, Mg, Cp2TiCl2 (5
mol%), diethyl ether; (b): H30+; (c): n-TsOH, CHCI3, MeOH; (d): H2CrO4/H2S04, acetone, CH2CI2

Scheme 2. Synthesis of LA derivative 8. (a): MeOH, AcCl,
rt, 3 h; (b): (5Z,9Z)-tetradeca-5,9-dienedioic acid 5,
EDCI-HCI, DMAP, CH2CI2




Results and discussion

Scheme 3. Synthesis of LA derivative 11. (a): AcCl, pyridine, CH2CI2,
DMAP, rt, 16 h; (b): (5Z,9Z)-Tetradeca-5,9-diene-1,14-diol 4, EDCI-HCI,
DMAP, CH2CI2; (c): Jones reagent, acetone, CH2CI2.

9 Ry= H, Ry=0Ac
12 Ry= Ry=0,

13a-d Ry= H, R,=OAc, n=0, 1, 2, 3

14a-d Ry= R,=0, n= 2.3

Scheme 4. Synthesis of LA-fatty acid conjugates linked via ethylene
glycol units (a): ethylene glycols of different lengths, EDCI-HCI, DMAP, 15a-d R= H, R,=0Ac, n=0, 1, 2, 3
CH2CI2; (b): (5Z,9Z)-tetradeca-5,9-dienedioic acid 5, EDCI-HCI|, DMAP,
CH2CI2.

16a-d Ry= R,=0, n= 2.3




Results and discussion

9 R1= H, R2=OAC

12 Ry= R,=0,

20a-d R1= H, R2=OAC

21a-d R1= R2=O,

17 R4= H, R,=0OAc
18 R4= Ry=0,

22a-d Ry= H, R,=OAc

23a-d R1= R2=O,

19a-d R,= H,
R2=OAC
20a-d R1= R2=O,

Scheme 5. Synthesis of LA-fatty acid conjugates linked
via diaminoalkane units (a): oxalyl chloride,
dichloromethane; (b): Boc-protected diaminoalkanes,
diisopropyl ethyl amine, dichloromethane; (c):
trifluoroacetic acid, chloroform; (d): (5Z,9Z)-tetradeca-
5,9-dienedioic acid, EDCI-HCI, DMAP, CH2CI2




Cytotoxic activity of compounds 21a-d n 22a-d
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Analysis of Apoptosis and Cell Cycle of Compounds

o 144 calls
) a7z
= 1742%
&
T
z
5=
&
&
art
3 : £20%
' et ot ot o owet et et
FITGH
- 234 eells
2 Tans 072
1093% 521%
ara
5.72%
Tt w0t ot w0t a0’ wd qeRE
FCH
144 cells / singlets
[ Gz
Walsen
AMS: 1237
Freq Gi: 37.34
Freq §: 3222
Fi 3.82
Mean G1: 214,582
Mean G2: 217,983
G2GL 195
VGl 4215
CVG2216%
Freq Sub-G1: 24.85
Fioq Super-G2: 0,45
l"‘*“vf)t\
51.7 20 300 400 50 660.1

PlA (10 %)

PerCP-H

Court

o U resls
) Q72
- 60474
&
T
z
5=
&
&
art
_ 7%
CISNRT LA U A LA A CE LA Ui
ATGH
- 206 ¢ cells
=
=arm a7-2
5.25% 26.83%
Q71
9.60%
w7 pf ot
FITCH
- 1351 cells | singlets
= &1 2
Jalson
RMS: 8.00
= Freq G1; 32,35
= Freq 5: 31.10
Freq 62: 6.25
Mean G1: 214,562
Mean G2: 425,732
g GG1: 198
CVGI:4.21%
CV G2 2.12%
Freq Sub-G1; 2629
Freq Super-G2: 0.20
=
8
57.7 200 30 400 500 660.1

Pl-A (103

w 146 cells
) a7z
- 4213
%
I
2
5%
Qrd
Z.
1wl ot et
" 236  calls
B iz
6872%
S
i
o
&
£
Q74
1.00%
w0l 10® 0

Caunt

104

)

146 J Galls ! singlets

&1 &2
Walsan
RMS: 10.90
Fraq G1: 3463
Freq S:27.05

req G2: 6 84
Mean G1: 214,582
Mean G2: 404,423
G2/G1; 1.88
CVG1421%
vz 22a
Freq Sub-(31:27.22
Fraq Super-G2: 0.47

L

o 30 40
LA (102

500

Compound 22b

Compound 22c

Compound 22b

- The test compounds-
leaders exhibit
pronounced
apoptosis-inducing
activity

- When studying the
cell cycle, an increase
in the cell population
in the pre-GO phase
was observed




Conclusions

For the synthesized compounds (21a-d and 22a-d) at this work the study of the antitumor
activity in vitro on the Jurkat, K562, HEK293, HELA, and U937 cell lines using the Guava Nexin
Reagent, Guava Cell Cycle and Guava reagent kits. ViaCount (Millipore), including IC50
determination, study of cell viability and effects on the cell cycle using flow cytometry were
carried out. Individual hybrid molecules, which are leaders in antitumor activity, have been
identified. The study of the cell cycle showed an increase in the cell population in the preGO
phase, which reliably indicates the presence of apoptosis-inducing properties in compound 22b.
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