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Gypsogenin (L'; 3-hydroxy-23-oxoolean-12-en-28-oic acid), a natural saponin, was isolated from the boiling
water extract of Gypsophila arrostii roots. In addition, the derivatives gypsogenin thiosemicarbazone (L?;
23-[(aminocarbonothioyl)hydrazono]-3-hydroxolean-12-en-28-oic acid) and gypsogenin thiosemicarbazone
glyoxime (L3Hy; (3B)-3-hydroxy-23-[({[(1Z,2E)-N-hydroxy-2-(hydroxyimino Jethanimidoyljamino}carbon-

KeyWOTdS-“ othioyl)hydrazono] olean-12-en-28-oic acid) as well as the Cu(ll) and Co(Ill) complexes of L*H, were
G}’ng’ge_“m prepared. The structures were established on NMR analysis ('H, '>*C NMR, HMBC, HMQC, and NOESY),
vic-Dioxime

FT-IR and completed by analysis of LC/MS. Furthermore, the antiproliferative effects of the Co(II) and Cu(II)
complexes of the gypsogenin derivatives were assayed in human promyelocytic leukemia (HL 60) cells.
These complexes were found to be potent anticancer agents with concentrations that inhibited 50% of
proliferation (I,Cso) between 5 uM and 40 uM. Cell death was distinguished by HO/PI double staining.
The Co(Il) complex of L*H, has shown approximately %50 apoptotic effect at 10 uM concentration.

Thiosemicarbazone
Transition metal complex
Antiproliferative
Leukemia

Paclitaxel has been used as positive control.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

The Gypsophila genus is well known to contain saponins, which
have industrial interest due to their various applications. For
example, saponins from the roots of Gypsophila paniculata and
Gypsophila arrostii have been used as detergents and expectorants
[1,2]. In addition, Gypsophila saponins have been found to posess
various biological activities such as antimicrobial [3] and antioxi-
dant [4] activities.

Gypsogenin, a natural saponin, is obtained from the roots of G.
arrostii [5]. Gypsogenin from this plant can inhibit the growth and
metastasis of Lewis lung cancer and triggers apoptosis by increas-
ing Bax levels [6]. Momordica charantia, a famous medicinal plant
used in various Asian traditional medicines also contains gypsoge-
nin [7]. Gypsogenin from Momordica roots possesses anticancer
activities against L1210, CCER-CEM and Ls174T cancer cells [6].

Thiosemicarbazones are potent antitumor agents that inhibit
topoisomerase II. Recently, di-2-pyridylketonethiosemicarbazone
and 2-benzoylpyridine thiosemicarbazone ligands have shown
selective antitumor activity in vitro and also in vivo [8]. 3,5-
Diacetyl-1,2,4-triazolbis(4,4-dimethylthiosemicarbazone) ligand,
H(3)L(1), and its dinuclear platinum complex [Pt(muHL(1))](2)
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exhibit high antiproliferative activity in human non-small cell
lung cancer NCI-H460 cells [9]. In addition, the antitumor activ-
ities of gallium(Ill) and iron(Ill) complexes with five different
4N-substituted R—N-heterocyclic thiosemicarbazones have been
studied against two human cancer cell lines (41M and SK-BR-3)
in vitro. It was found that gallium(Ill) enhances the cytotoxic
activity [10]. Furthermore, six metal complexes of heterocyclic
thiosemicarbazones have been tested against K562 leucocyth-
emia cancer cells. All the tested compounds showed significant
antitumor activity [11]. Moreover, the antitumor activities and
mechanisms of 1,2-naphthoquinone-2-thiosemicarbazone and
its metal complexes (Cu?*, Pd®* and Ni%*) have been investigated
against human MCF-7 breast cancer cells. The results revealed
that these complexes are effective at inhibiting MCF-7 cell
growth [12]. Additionally, heterocyclic thiosemicarbazones,
thioureas and 2-substituted pyridine N-oxides as well as repre-
sentative nickel, cobalt and copper complexes have been shown
to be potent antineoplastic/cytotoxic agents. The cytotoxic activ-
ity of these agents was demonstrated against single cell leuke-
mia as well as cell lines derived from solid tissues (colon
adenocarcinoma, HeLa, KB, skin, bronchogenic Iung, bone
osteosarcoma and glioma). Furthermore, in L1210 cells, DNA
synthesis and subsequently RNA synthesis have been shown to
be inhibited by these agents [13].

Thus, the importance of coordination compounds as therapeutic
agents has been increasingly demonstrated in a variety of systems.
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In particular, “vic-dioxime compounds” have been investigated
owing to their resemblance to vitamin B, and chlorophyll [7].

Here, as part of our ongoing studies, we report the isolation
of the known saponin gypsogenin (L') and the synthesis and
potential anticancer activity of new gypsogenin ligands (gypsoge-
nin thiosemicarbazone (L?) and gypsogenin thiosemicarbazone
glyoxime (L*H,). In addition, we determined the antiproliferative
activities of the novel Cu(ll) and Co(ll) complexes of L3H, for
the first time using human promyelocytic leukemia (HL 60) cells.
The Cu(II) complex of L3H, was determined to have the strongest
antiproliferative activity, with an I,Cso value of 5 uM. Also the
Co(Il) complex has shown strong antiproliferative effect at 5 uM
concentration.

2. Results and discussion

The starting material gypsogenin (L!) was isolated from the
boiling water extract of G. arrostii roots (Scheme 1, Fig. 1). The
novel gypsogenin thiosemicarbazone (L?) was prepared by
condensation of gypsogenin with thiosemicarbazide in MeOH.
The other novel ligand, vic-dioxime bearing gypsogenin and
thiosemicarbazone groups (L®H,), was synthesized by reacting
(E,E)-dichloroglyoxime with gypsogenin thiosemicarbazone (L?)
(Scheme 2, Fig. 2). The trinuclear Cu(II) and Co(II) complexes were
prepared from the L*H, derivative with a stoichiometric amount of
CoCl,-6H,0 and CuCl,-2H,0, respectively, in ethanol (Scheme 4).

The new ligands were characterized by 'H NMR, 3C NMR,
HMBC, HMQC, NOESY, FT-IR and LC/MS. Attempts to isolate
crystals suitable for X-ray diffraction were unsuccessful for both
the ligands and complexes. In addition, FT-IR, MS and magnetic
susceptibility techniques were employed to determine the struc-
tural characteristics of the metal complexes. Finally, the antiprolif-
erative effects of the Cu(Il) and Co(Il) complexes were determined
using HL 60 cells.

2.1. IR Spectra

The FT-IR data of the ligands and their complexes are provided in
Table 1. The IR spectra of compounds L!, L2 and L*H, exhibited —NH
(3435 cm™! for L2 and 3464 cm™! for L3H,), —OH (3463 cm™ ' for L',
3300 cm ! for L2 and 3310 cm™! for L*H,), —C=Noyxime (1550 cm ™!
for L*H,), —C=Niniosemicarbazone (1600 cm~! for L2 and 1681 cm™!
for L3H,), and —NO (1020 for L*H,) stretching vibrations [14,15].

The C=N and OH stretching vibrations are similar to other
reported vic-dioxime derivatives [14]. The IR spectrum of L2
showed a stretching band of C=S at 821 cm™! and an absorption
band of the —NH, group at 3717 cm™".

Coordination of sulfur with the metal ion would result in the
displacement of electrons towards the latter, thus resulting in

Scheme 1a. Structure of Gypsogenin (L!).

Scheme 1b. Selected HMBC (single-headed arrows) and NOESY (double-headed
arrows) correlations of Gypsogenin (L").

Fig. 1. Picture of Gypsophila arrostii.

weakening of the C=S bond. Hence, on complexation, C=S stretch-
ing vibrations should decrease [16]. Therefore, on complexation,
the frequency of the peak at 849 cm~! was shifted to a lower wave
number and the intensity of the peak was also reduced. All these
changes on complexation confidently showed the presence of a
metal-sulfur bond.

The possibility of thione-thiol tautomerism (Scheme 3,
H—N—C=S, C=N-SH) in these ligands was ruled out by the absence
of characteristic thiol bands near 2700-2500 cm™! in the IR spec-
trum [16]. The observation of strong v(C=S) absorption bands near
849-821 cm™! in the IR spectra of the ligands also suggested that
they are in the thione tautomeric form in the solid state.

The far IR spectral bands in both the ligands were practically
unchanged in the complexes, but they showed some new bands
with medium to weak intensity in the 693-519 cm™! region, tenta-
tively assigned to v(M—N) and v(M—S), which are in agreement
with previous works [17].

The FT-IR spectra of KBr pellets containing the gypsogenin
thiosemicarbazone glyoxime complexes of the general formula
Ms(LH),, in which M is Cu(Il) or Co(II).2H;0, exhibited C=Ngyime,
C=Nthiosemicar. and C=S absorptions at 1532-1528 cm~!, 1631-
1630 cm ™! and 832-830cm™', respectively. These bands suggest
that the ligands are N,N’ and N,S coordinated with the metal ion
according to the proposed structures depicted in Scheme 4.
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Scheme 2. Synthesis of L2 and L3H,.

Fig. 2. Proposed structure of L*H,.

The dioxime ligand is a neutral compound; in the complexes, it
is a monoanion formed by the loss of an oxime proton with the
concomitant formation of an intramolecular hydrogen bond. It is
known that Co(Il) and Cu(II) metal complexes of dimethylglyoxime
are 5-membered chelate structures and the metal ion coordinates
to the nitrogen atoms of the dioxime groups. A hydrogen atom sep-
arates each of the 2 oxime groups, and as a result a hydrogen
bridge is established [18a-d]. The hydrogen bridge (O—H---O)

bonds of the [Cus(L3H),] and [Cos(L3H),(H,0)g] complexes appear
at 1775 and 1869 cm™!, respectively.

2.2. 'H and 3C NMR spectra of the ligands

'H NMR and '3C NMR data of the ligands are listed in Tables 2
and 3. The 'H NMR spectrum of gypsogenin (L!) indicated six
methyl signals (dy 2.48, 2.01, 2.11, 2.40, 2.08 and 2.13), one alde-
hyde proton signal (6y 10.75). In the >C NMR spectrum, a total
of 30 carbons was observed. These assignments of the 'H and '3C
NMR resonance based on NOESY, HMQC and HMBC NMR spectra.
Gypsogenin (L') showed two carbonyl peaks (5c 206.87, aldehyde,
and 6c 179.85, carboxylic). The proton and carbon chemical shifts
were assigned by HMQC. The 3C NMR spectrum of gypsogenin
(L") showed olefinic carbon signals at ¢ 122.02 (C-12) and
144.64 (C-13). The H-3, H-12, H-18 proton signals were strongly
supported by HMQC spectrum at dy 5.20, 6.62, and 4.43, respec-
tively. The C-23 aldehydic proton (64 10.75) showed HMBC inter-
actions (Scheme 1b) with carbon signals at 56.04 (C-4). Other
significant HMBC correlations were observed the H-24 (5y 2.48)
and four carbon signals at 5c 71.38 (C-3), 56.04 (C-4), 47.46 (C-
5), and 206.87 (C-23). The signals in the '3C NMR spectrum were
those for six methyl carbons (éc 9.51, 15.34, 17.35, 25.93, 33.97
and 23.54), one hydroxy carbon at ¢ 71.38 (C-3). The NOESY spec-
trum showed correlation between H-25 and the axial methyl group
H-24. Thus, the aldehyde group at C-4 was observed as equatorial
coupling constant. Also, the equatorial position of H-12 was
supported by the resonance position of H-18 (64 4.43) and H-25
(0y 2.01). Selected HMBC and NOESY correlations used for assign-
ment of the gypsogenin structure are presented in Scheme 1b (The
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Table 1
Characteristic IR bands of the ligands and their metal complexes (cm~', KBr) (1) L' (2) L? (3) L3H, (4) [Cus(L*H),] (5) [Cos(L3H)5(H50)g].
NH,/NH —OH/H,0 =0 =S O—H---0 C=N* C=N" N—O M—N M-S
1 - 3463 b 1717 s - - - - - - -
3717 m 3300 b 1702 s 821 m - 1600 s - - - -
3435 b
3 3464 b 3310 b 1726 s 849 m - 1681s 1550 s 1020 m - -
4 3445 b 3320 b 1725 s 832 m 1775 w 1631s 1532s 1014 m 580 m 519 m
5 3495 b 3340 b 1723 s 830 m 1869 w 1630 s 1528 s 1010 m 693 m 520 m
b: Board s: strong, m: medium, w: weak.
2 y(C=N): thiosemicarbazone moiety.
b y(C=N): oxime moiety.
)H\ I H
. NH S )\ SH /K\ N
R N w/ (‘)H . \N/NHT oH R NN O‘H
HN___2N /’L HN___2N
- I -
H \7‘ XN HT NN
\
OH C‘)H OH

Scheme 4. Suggested structure of the Cu(Il) and Co(II)-2H,0 complexes for L*H,.

spectra of HMBC, HMQC and NOESY were given in Figs. S1-S5 for
L! in Supplementary materials). Table 2 summarizes all observed
correlations.

The "H NMR spectrum of L? showed the signal of H-23 at 8}; 7.94
instead of 6y 10.75 in L! (gypsogenin). The —C=SNH signal was
displayed at & 9.01. In the '3C NMR spectrum, the signals belong-
ing to —N=CH and NH,C=S appeared at Jc 157.01 and 180.45,
respectively. The CH; signals were shown at 12.15, 14.59, 17.71,
26.47, 34.35 and 23.25 ppm for L? (Table 3).

In the 'H NMR spectrum of L3®H,, the absence of —NH,
functional groups (8 =9.58 ppm for L?) and the presence of new
—NH and —OH groups at § =9.21 and 10.93 ppm indicate the for-
mation of new compound which contains vic-dioxime and thio-
semicarbazone macrocyclic moiety. The observation of these
singlets provides confirmation of gypsogenin thiosemicarbazone
(L) reaction with anti-dichloroglyoxime.

When the 'H NMR spectrum of the ligand L*H, in DMSO was
examined, peaks corresponding N—OH protons were observed at
10.93 ppm (s, 2H) [19-22]. The peaks of NH protons appeared at
7.92 ppm (s, 2H, CNNH) and 9.21 ppm (s, 2H, CSNH) for L3H,
[16-23]. In agreement with the IR data, other evidence of the thi-
one form of the ligands was the appearance of NH signals around
9.21-7.92 ppm in the 'H NMR spectrum.

The disappearance of these peaks by the addition of D,0 to the
ligand solution indicated that the observed resonances are those of

the protons of O—H and N—H groups. These values are in accord
with previously reported oxime derivatives [19-24]. In addition,
the peaks of the —CH=N-NH protons of azomethine appeared at
7.33 ppm (s, 2H) for L3H, (Table 3). The CH; peaks of L*H, were
observed in agreement with the literature data, at 8 =1.10, 1.04,
0.85, 0.82, 0.71, 0.69 ppm, respectively (Table 3).

In the 3C NMR spectrum of the L3H, ligand, one signal was
observed at 161.28 ppm, corresponding to HNC=N—OH, which
shows symmetrically substituted vic-dioxime [19-26].

The peak corresponding to HC=N—N appeared at 157.77 ppm
for L3H, [29-31]. Moreover, C=S and C=0 peaks of L*H, were
observed at 174.53 and 175.32 ppm respectively. The CHs signals
appeared at 33.98, 26.31, 22.39, 17.99, 12.07 and 11.63 ppm for
L*H, [27-31].

2.3. MS analysis

The LSMS/APCI of gypsogenin (L!) showed a molecular ion peak
at m/z 470.2 [M+H]", consistent with a molecular formula of
C30H4004. Likewise, the molecular formula of L? was established
as C31H4903N5S by LSMS/APCI mass spectroscopy (543.3 [M+H]",
452.0 [M—(H,N—CS—NH—N)—H]* and 453.0 [M—(H,.
N—CS—NH—N)]"). Similarly, FAB mass spectral analysis indicated
molecular ion m/z ratios of 1171 [M]* for L*H,, in agreement with
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Table 2
H and '3C NMR spectra of the ligand for L' (400 MHz § ppm, in pyridine).
Position s13C S'He HMBC® (H to C) NOESY
1 38.24, CH, 2.66 (m), 2.17 (m)
2 28.02, CH, 3.23 (m), 2.26 (m) 24
3 71.38, CH 5.20
4 56.04, qC -
5 47.46, CH 2.58 (m) 25
6 20.97, CH, 2.61 (m), 2.29 (m)
7 32.78, CH, 259 (m), 2.31 (m) 6
8 39.81, qC -
9 47.84, CH 2.89 (m) 27
10 35.81, qC -
11 26.82, CH, 2.98 (m), 2.46 (m) 12,25
12 122.02, CH 6.62 (brs) 11, 18, 25
13 144.64, qC -
14 42.21, qC -
15 30.85, CH, 261 (m)
16 23.82, CH, 3.25 (m), 3.06 (m) 27
17 46.62, qC -
18 41.76, CH 443 (dd, ] = 13.6 Hz, | = 4.0 Hz) 12
19 4622, CH, 2.92 (m), 2.45 (m) 27,29
20 32.32,qC -
21 3550, CH, 2.56 (m), 2.35 (m) 29,30
22 33,05, CH, 3.15 (m), 2.93 (m)
23 206.87, CH 10.75 (s) 4
24 9.51, CH3 2.48 (s) 3,4,5,23 2,25
25 15.34, CHs3 2.01 (s) 10 5,11, 12,24
26 17.35, CH, 2.11 (s) 8,9
27 25.93, CH3 2.40 (s) 8,13, 14 9, 16, 19
28 179.85, qC -
29 33.97, CH3 2.08 (s) 20, 30 19, 21
30 23.54, CH3 2.13 (s) 20 21

¢ Multiplicity of signals is given in parentheses: s, singlet; d, doublet; m, multiplet; and br, broad.

" Identified from the HMQC spectrum.

the proposed structure (Fig. S6 for L3H2 in Supplementary
materials).

Furthermore, FAB mass spectral analysis indicated m/z ratios of
2531 [M]* for the Cu(Il) complex and 2625 [M—1]" for the Co(Il)
complex. Thus, the ligand (L*H,) was determined to form mononu-
clear complexes [(L3*H),M3] with a metal to ligand ratio of 3:2 with
M = Co(II)(H,0), and Cu(lI).

2.4. Magnetic susceptibility

The room temperature magnetic moment measurements
showed that the Co(II) complex is paramagnetic with a magnetic
susceptibility of 3.72 B.M. for L3H, per Co(Il). The magnetic suscep-
tibility values of Co(II) complexes are within the range of high spin
octahedral Co(Il) complexes (the three-spin value is 3.87 B.M.)
[32]. Thus, the Co(Il) complex of the ligand was determined to be
octahedral with water molecules as axial ligands.

The Cu(Il) complex also was found to be paramagnetic with
Uest = 1.70 for L3H, per Cu(Il) ion. These values fit the spin value
of 1.73 B.M. Though these are somewhat low values for the
magnetic moments, some diamagnetism is likely contributed from
the ligand, which ultimately decreases the total paramagnetism of
the complex [19]. Thus, the Cu(Il) complex was found to have a
square planar geometry.

2.5. Antiproliferative activity

The antiproliferative activities of the three ligands, gypsogenin
(L"), gypsogenin thiosemicarbazone (L) and gypsogenin thiosem-
icarbazone glioxime (L*H;), and their Cu(Il) and Co(Il) complexes
were analyzed using cultured HL-60 cells. The HL-60 cell line is a
leukemic cell line that is commonly used for laboratory research
because it provides a continuous source of human cells for

studying the molecular events of myeloid differentiation and the
effects of physiological, pharmacological and virologic elements
on this process.

Among the tested compounds, gypsogenin, [Cus(L*H),] and
[Cos(L3H),(H»0)g] were found to be potent anticancer agents due
to their strong antiproliferative effects, with a concentration that
inhibited 50% of proliferation (I,Cso) between 5uM and 10 uM
(Figs. 3-5). The strongest antiproliferative activity was determined
with the [Cus(L*H),] complex (Fig. 4a). Paclitaxel has been used in
this study as positive control. Paclitaxel is a mitotic inhibitor used
in cancer chemotherapy. It prevents microtubule depolymerization
and blocks normal cell division. Paclitaxel has inhibited min. %50 of
cells at 1 pM concentration.

Gypsogenin and the [Cos(L*H),(H»0)g] complex also showed
similarly strong antiproliferative activities as [Cus(L3H),] (Figs. 3
and 4). However, the other ligands (L? and L*H,) of these deriva-
tives showed weak antiproliferative activities (data not shown)
against HL-60 cells.

In comparison with positive control the tested complexes
showed nearly the same effect but in concentrations between
1 uM and 5 pM. If considered as a drug this range is not high for
an active substance.

In addition, the apoptotic effects of gypsogenin, [Cus(L3H),]
and [Cos(L*H),(H»0)g] were determined by the Hoechst 33258/
propidium iodide double staining method. Only the very late
phenotypes of apoptosis can be visualized by phase contrast
microscopy, but the quantification of cell death is impossible.
So the combination of microscopic examination together with a
double staining method with fluorescent dyes is a very reliable
and sensitive method to determine the type of cell death and
quantify it. Hoechst 33258 (HO) and Propidium iodide (PI) both
stain chromatin. When HOPI-stained cells are examined under
the microscope also early stages of death are detected and can
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Table 3
H and '*C NMR spectra of the ligand for L? (400 MHz & ppm, in pyridine) and for L*H, (400 MHz 6 ppm, in DMSO-d6).
Position 12 L*H,
s13¢ S134° s13¢ S
1 38.89, CH, 1.92 (m), 1.37 (m) 39.46, CH, 1.48 (m), 0.86 (m)
2 28.60, CH, 2.36 (m), 1.46 (m) 28.48, CH, 1.78 (m), 0.88 (m)
3 75.22, CH 4.19 75.72, CH 4.12
4 52.24, qC - 52.50, qC -
5 48.58, CH 1.79 (m) 47.57, CH 1.19 (m)
6 20.69, CH, 1.89 (m), 1.49 (m) 20.16, CH, 1.28 (m), 0.90 (m)
7 32.45, CH, 1.86 (m), 1.5 1 (m) 33.53, CH, 1.22 (m), 0.96 (m)
8 40.36, qC - 42.16, qC -
9 48.67, CH 2.01 (m) 48.11, CH 151 (m)
10 37.09, qC - 36.79, qC -
11 27.52, CH, 2.19 (m), 1.61 (m) 26.59, CH, 1.65 (m), 1.08 (m)
12 122.68, CH 5.78 (br s) 120.40, CH 5.02 (br, s)
13 145.16, qC - 142.40, qC -
14 42,51, qC - 4237, qC -
15 30.29, CH, 1.90 (m) 30.05, CH, 131 (m)
16 24.10, CH, 2.42 (m), 2.26 (m) 24.38, CH, 2.48 (m), 1.69 (m)
17 46.97, qC - 4727, qC -
18 42.34, CH 3.59 (d, /= 10.0 Hz) 41.92, CH 2.86 (d, J=10.2 Hz)
19 46.79, CH, 2.11 (m), 1.58 (m) 46.24, CH, 1.56 (m), 1.06 (m)
20 31.28, qC - 31.35, qC -
21 34.57, CH, 1.73 (m), 1.53 (m) 34.76, CH, 1.11 (m), 0.98 (m)
22 33.61, CH, 2.33 (m), 2.14 (m) 34.90, CH, 1.76 (m), 1.61 (m)
23 157.01, CH 7.94 (s) 157.77, CH 7.33 (s)
24 12.15, CH; 1.65 (s) 11.63, CH; 1.10 (s)
25 14.59, CHs 122 (s) 12.07, CHs 0.69 (s)
26 17.71, CH, 1.29 (s) 17.99, CH, 0.82 (s)
27 26.47, CH, 1.55 (s) 26.31, CH; 1.04 (s)
28 180.55, qC - 175.32, qC -
29 34.35, CHs 1.26 (s) 33.98, CHs 0.71 (s)
30 23.25, CH, 1.31 (s) 22.39, CH; 0.85 (s)
—c=s 180.45 - 174.53 -
_CNNH - 9.01 (s) - 7.92 (s)
-CSNH, - 9.58 (s) - -
—CSNH - - - 9.21 (s)
-C=NOH - - 161.28 10.93 (s)
2 Multiplicity of signals is given in parentheses: s, singlet; d, doublet; m, multiplet; and br, broad.
L [Cus(L*H),]
150 - 150
100 | c 100
§ S
® ®
8 501 é 50
S S
0 & o
.50 - -50 -

Extract type
*p<0,05, One w ay ANOVA

Fig. 3. Antiproliferative effect of L'.

be quantified. In combination with the examination of condensed
chromatin this method allows to discriminate between early or
late apoptosis, necrosis and intact cells, because administration
of both dyes either stains nuclei in blue when cells are viable
or in a early to mid-apoptotic stage, or pink (interference of
blue and red) when cells are in a late apoptotic stage or when
necrotic (Fig. 6). The best apoptotic rate was determined with
the [Cos(LH),(H,0)g] complex (Fig. 5). Nearly 50% of the cells
died through an apoptotic pathway. Paclitaxel used as positive

Extract type
*p<0,05, One way ANOVA

Fig. 4a. Antiproliferative effect of Cu(Il) complex.

control. Paclitaxel is a cytoskeletal drug that targets tubulin.
Paclitaxel stabilizes the microtubule polymer. By this way it blocks
progression of mitosis. As result of this apoptosis is triggered at
the mitotic checkpoint. Paclitaxel showed about %50 apoptosis
at 1M application. In this study only the [Cos(L*H)y(H,0)g]
complex can approached to this endpoint at 10 pM concentration.
These findings support the antitumoral effects of gypsogenin and
its derivatives that have been found by others for gypsogenin
[33].
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[Co3(L3H),(H,0)¢]

Proliferation
3 8 3
1 L J

o
Il

g

Extract type
*p<0,05, One w ay ANOVA

Fig. 4b. Antiproliferative effect of Co(Il) complex.

Apoptosis for Gypsogenin and its derivatives
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Fig. 5. Apoptosis for L' and its derivatives.

Gypsogenin is a natural saponin and L*H, was obtained from
gypsogenin thiosemicarbazone (L?). Saponins are potential
anticancer agents, with different mechanisms of action. Their
cytotoxic effects may be due to either apoptosis inducement or
non-apoptotic cell death stimulation. There is a number of
well-known processes which lead to the same effect - cell death
- but involve different mechanisms of action, like stimulation of

autophagic cell death, decrease in NO production in cells, or cyto-
skeleton integrity disassembly [34].

Due to the surfactant properties of saponins they can be used to
enhance penetration of macromolecules, e.g. proteins through cell
membranes, making them useful as adjuvants in vaccines [35].

Moreover, thiosemicarbazone and oxime derivatives and their
metal complexes also possess antiproliferative properties against
tumor cells. The search for antitumoral drugs led to the discovery
of several thiosemicarbazone derivatives having antitumoral activ-
ities. In agreement with these previous studies, our results support
the antitumor activity of these agents.

Because of the unfavourable effects of cancer on the population,
the search for new anticancer drugs is important to avoid the high
costs of therapy and to improve the quality of life of patients. Can-
cer is the second leading cause of mortality in the USA. In 2007,
1.44 million people were afflicted with cancer and 559,650 died
of cancer [36]. In 2002, 1.28 million individuals incurred cancer
and the mortality rate was 38%. Thus, it is evident that there were
not any changes in the mortality rates of cancer between 2002 and
2007 [37].

The aim for new anticancer drugs is to discover new structures
that possess a specific mechanism of action. In this frame, gypsog-
enin (L), gypsogenin thiosemicarbazone (L2) and gypsogenin thio-
semicarbazone glioxime (L3H,), and their Cu(Ill) and Co(Il)
complexes synthesized in this work can be considered as potential
anticancer agents for further investigations.

3. Conclusions

In this study, we successfully synthesized, characterized and
determined the cytotoxic activities of novel thiosemicarbazone
and oxime gypsogenin derivatives for the first time. Gypsogenin
(L") as well as the Co(Il) and Cu(Il) complexes of gypsogenin thio-
semicarbazone glyoxime (L3*H,) were found to be potent antican-
cer agents due to their antiproliferative effects on HL 60 cells.
The Cu(ll) complex of L3H, was determined to have the strongest
antiproliferative activity, with an I,Csg value of 5 uM.

4. Experimental
4.1. Chemistry

4.1.1. Materials and Instrumentation

All reagents used were purchased from Merck or Fluka. '"H NMR,
13C NMR, HMBC, HMQC, and NOESY spectra (Bruker 400 MHz), IR
spectra (Varian 900), melting points (Buchi SPM-20) and pH mea-
surements (Orion Expandable Ion Analyzer EA 940) were used to

Fig. 6. Early and late apoptotic cells observed by HO/PI double staining (48 h). Photographed by Ali OZMEN-2013.
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elucidate the structures of the products. MS spectra were recorded
on an LC/MS Thermo MSQ Plus. The magnetic moments of the com-
plexes were measured by the Gouy method with a Newport type
D-104 instrument magnet power supply.

4.1.2. General method for the preparation of gypsogenin (L")

Gypsogenin was isolated from Gypsophila arrostii (Fig. 1).
Water-extract of the roots of Gypsophila arrostii (400 mL) with
ethanol (100 mL) was hydrolyzed with 10% KOH at 100 °C for
2 days. The reaction mixture was collected and neutralized with
HCI. Then, this mixture was hydrolyzed with 10% HCl for 3 days.
After hydrolyzed, this reaction mixture was neutralized with
KOH and extracted with CH,Cl,. The CH,Cl, phase is 1.4504 g.
The mixture was purified by CC using silica gel and hexane/ethyl
acetate (6/4) to afford gysogenin (325 mg); m.p. 273 °C (Schemes
1a and b).

4.1.3. Synthesis of Gypsogenin thiosemicarbazone (L?)

A solution of thiosemicarbazide (1.5 mol) in water (7 mL) was
added to a solution of gypsogenin (1.0 mol) in MeOH (7 mL). The
mixture was refluxed for 13 h and then stirred at room tempera-
ture for 48 h. The reaction mixture was extracted with CH,Cl,
(3 x 10 mL). The organic layer was dried over anhydrous sodium
sulfate and evaporated to dryness. The residue was chromato-
graphed on silica gel using hexane/ethyl acetate (6:4) to give L?
(73 mg); m.p. 243 °C.

4.1.4. Synthesis of Gypsogenin thiosemicarbazone glyoxime (L*H>)

A solution of Gypsogenin thiosemicarbazone (L2) (1 mmol) in
absolute ethanol 30 mL was added dropwise to a solution of anti-
dichloroglyoxime (Scheme 2) (1 mmol) in absolute ethanol 10 mL
for a 30 min period. The reaction mixture was stirred overnight
at room temperature. After cooling to 0 °C the pH of the mixture
was raised to 5.0-5.5 with treatment with NaHCOs3 dissolved in
5 mL distilled water, and stirring was continued for 1 h. The solu-
tion was poured into 100 mL cold water with stirring. After the
end of the period, yellow precipitated solid was filtered, washed
thoroughly with distilled water and dried. The chemical reaction
and molecular structure are shown in Scheme 2. Results of the
compositional and spectroscopic analyses are as follows: Yield;
(60%) m.p. 283 °C Dec.

4.1.5. Synthesis of the Cu(ll) and Co(ll) Complexes of L*H,

A solution of a metal salt (3 mmol, 0.510 g of CuCl,-2H,0 or
3 mmol 0.711 g CoCl,-6H,0 in 50 mL of water) was added to
2 mmol of the ligand solution (2.34 g for L*H, in 50 mL of ethanol)
with stirring. An initial sharp decrease in the pH of the solution
from 5.5 to about 3-3.5 was observed. After raising the pH to 5-
5.5 using a 1% aqueous NaOH solution, the reaction mixture was
kept in a hot water bath (60 °C) for 2 h to complete the precipita-
tion. Then the precipitated complexes were filtered, washed with
water and dried at room temperature in a vacuum oven. Results
of the compositional and spectroscopic analyses are shown as
follows. Proposed structures of complexes are shown in Scheme 4.

[Cus(L3H),]; Color: Brown, Yield; (43%), m.p.; >300 °C.
[Cos(L3H),5(H,0)s]; Color; Brown, Yield; (65%), m.p.; >300.

4.2. Pharmacology

4.2.1. Cell culture

HL-60 promyeloic leukemia cells were purchased from ATCC.
Cells were grown in RPMI-1640 medium supplemented with 10%
heat inactivated fetal calf serum, 1% r-glutamine and 1% penicil-
lin/streptomycin at 37 °C in a humidified atmosphere containing
5% CO,.

4.2.2. Proliferation inhibition analysis

HL 60 cells were seeded in T-25 tissue culture flasks at a con-
centration of 1 x 10°/mL and incubated with increasing concentra-
tions of agents (corresponding to 5, 10, 20 and 40 uM of the drug).
Cell counts and ICsg values were determined at 24 and 72 h using a
Thoma slide. Experiments were done in triplicate. The percent of
cell divisions compared to the untreated control were calculated
as follows: [(C72 h+drug — C24 h +drug)/(C72 h — drug — C24 h
—drug)] x 100=% cell division, where C72 h +drug is the cell
number after 72 h of drug treatment, C24 h + drug, is the cell num-
ber after 24 h of drug treatment, C72 h — drug is the cell number
after 72 h without drug treatment, and C24 h — drug, is the cell
number after 24 h without drug treatment.

4.2.3. Hoechst 33258 and propidium iodide double staining

HL-60 cells (1 x 10°/mL) were seeded in T-25 Nunc tissue cul-
ture flask and exposed to these complexes and drug for 24 and
48 h. Cell death quantification by Hoechst 33258 and propidium
iodide staining, which facilitates to distinguish between apoptosis
and necrosis, was performed according to the method described by
Grusch et al. [38].

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bioorg.2013.12.
001.
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