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ABSTRACT
To synthesize and characterize complex compound of Zn(II) with cysteine dithiocarbamate ligands and studies its cytotoxic activity in breast cancer
(MCF-7). The complex of Zn(II) cysteine dithiocarbamate was prepared by “in situ method” and characterized by using Ultraviolet-Visible (UV-Vis)
and Infra-Red (IR) spectroscopy, melting point and conductivity. The results of UV-Vis maximum spectrums of Zn(II)cysteine dithiocarbamate at 282
nm and 374 nm indicated that electronic transition π→π* dan n→π* of CS2 and N=C=S. While the presence of IR spectra at the wavelength in the
region of 397-534 cm-1 indicated that has been coordination occurred between Zn(II) with Sulphur (S), Nitrogen (N) and Oxygen(O) atoms from cysteine
dithiocarbamate ligands. Complex characterization using UV-Vis and IR showed that complex Zn(II) cysteine dithiocarbamate compounds were
successfully synthesized by the in-situ method. The results of the cytotoxicity assay of Zn(II) cysteine dithiocarbamate complex compounds in MCF-7
cells obtained IC50 values of Zn(II) complex = 98.60 μg/mL and cisplatin (IC50 = 200 μg/mL. These result can be seen that IC50 value of Zn(II) complex
is lower than cisplatin so that Zn(II) complex has very good inhibitory activity against MCF-7 cancer cells compared to cisplatin and it can even cause
apoptosis in cancer cells.
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agents in tumors 12,13. Dithiocarbamate compounds can be
complexed mostly with metal ions from the transition element,
because dithiocarbamate compounds have a very special structure
where there are S groups that can donate electrons monodentate
and bidentate 14.

INTRODUCTION
Breast cancer (MCF-7) is one of the highest lethal cancers in 7
countries, namely Indonesia, Japan, Malaysia, Philippines,
Singapore, Sri Lanka and Taiwan 1. Treatment of breast cancer is
carried out in a multidisciplinary manner such as surgery,
chemotherapy and radiation 2.

The use of essential metal complexes with amine dithiocarbamate
ligands is still lacking in scientific information either from
journals or from other articles, so researchers will conduct a study
of the anticancer activity of the Zn(II) complex with amine
dithiocarbamate ligands.

At present chemotherapy is a very important component in the
paradigm of handling breast cancer 3. Some drugs that are often
used for chemotherapy are platinum derivative compounds, such
as cisplatin, carboplatin, and oxaliplatin. Cisplatin is still the main
choice in the treatment of cancer. However, cisplatin has very
dangerous side effects, especially showing high toxicity in the
body 4,5,6,7,8. So that it needs effective and less toxic metal-based
anticancer drugs 5. The use of essential metals is interesting for
researchers to develop metal-based anticancer drugs.

MATERIAL AND METHODS
Materials
Zinc(II)sulfate, Cysteine, Ethanol (95%) methanol (95%),
Acetone (95%), n-hexane (95%), Acetonitrile (95%), Carbon
disulfide, Cisplatin, Roswell Park Memorial Institute Medium,
and DMSO.

The use of appropriate ligands can significantly increase the
activity of complex compounds in inhibiting cancer cells 9. This
study used a dithiocarbamate ligands. Dithiocarbamate
compounds is a material that is very potential in the fields of
agriculture, industry, and health. In the field of health,
dithiocarbamate compounds can be character-based metal
poisoning drugs that act as good chelating agents 10,11. In addition,
these compounds can also be used as radio chemotherapy target

Synthesis of cysteine dithiocarbamate ligand
Cysteine 0.6133 gr (5 mmol) dissolved in 10 mL ethanol,
followed by adding dropwise CS2 0.3 mL (5 mmol) into 10 mL
ethanol solution under conditions under 10OC and stirring for 10
minutes.
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Synthesis of Zn(II) with cysteine dithiocarbamate ligand
The cysteine dithiocarbamate ligand solution was added
ZnSO4.7H2O 0.8626 gr (3 mmol), which was dissolved in 10 mL
ethanol and stirred for 30 minutes. Then the precipitate formed is
then filtered and washed with ethanol and dried in a desiccator
after recrystallization with the appropriate solvent, the mixture of
acetonitrile and ethanol (1: 2.v / v), and the characterization of the
product.

range of frequency. Melting point was measured with
Electrothermal IA 9100, and conductivity was measured with
conductometer.
The Cytotoxic Assay of MCF-7 Breast Cancer Cells
The MCF-7 cell cultures were placed into 96 well plates and then
incubated at 37°C and 5% of CO2 gas until the percentage of cell
growth reaches to 70%. Next cells were treated with
dithiocarbamate complexes and then incubated (for 24 hours at
37°C and 5% CO2 gas). To facilitate reading of absorbance, it was
adding a presto blue work reagents onto the cell. Absorbance
measured by using Multimode Reader.

Characterization of Complex
The electronic spectra obtaining by using UV-Vis Jenwey
spectrophotometer 200-1100 nm and Infrared spectra perform by
using Infra red SHIMADZU spectrophotometer, in 4000-300 cm-

Table 1. UV-Vis data of Zn(II) cysteine dithiocarbamate
Compound

λ Maximum (nm)
282
374
CysDtc = Cysteine Dithiocarbamate

Zn(II)CysDtc

Electronic Transition
π→π*
n→π*

Table 2. IR data of Zn(II) cysteine dithiocarbamate
Compound
Zn(II)CysDtc

v(C=N)
1624 s

v(C=S)
v(M-S)
1126 m
397 w
s = strong; m = medium; w = weak

v(M-O)
420 w

v(M-N)
534 w

OH
S-

O

+

NH

Zn2+

N

O

O

S

Zn

S

S

S

SH
Figure 1. Synthesis reaction of Zn(II) cysteine dithiocarbamate
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Gambar 14. Spektrum UV-Vis Zn(II)CysDtc
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Gambar 18. Spektrum IR Zn(II)CysDtc

Figure 2. UV-Vis Spectrum of Zn(II) cysteine dithiocarbamate

Figure 3. IR Spectrum of Zn(II) cysteine dithiocarbamate
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Figure 4. Apoptosis of MCF-7 cells induced by Zn(II) cysteine dithiocarbamate.

RESULTS AND DISCUSSION

Cytotoxic Test on MCF-7 Cancer Cells
The results of the cytotoxicity test of Zn (II) cysteine
dithiocarbamate complex compounds in MCF-7 cells obtained
IC50 values of complexes Zn = 98.60 μg/mL and cisplatin (IC50 =
200 μg/mL. These results can be seen that the IC50 value of Zn
complex is lower than that of cispatin, so that this complex has
more ability than cisplatin in inducing morphological changes in
cancer cells and causing apoptosis in cancer cells (Figure 4).

The results of the complex synthesis of Zn(II) cysteine
dithiocarbamate was 48% with the melting point obtained 280oC282oC and conductivity values 0.08 mS/cm.
UV-Vis characterization
The results of characterization with UV-Vis (Figure 2), in water
solvents for complex Zn(II) cysteine dithiocarbamate compounds
obtained in band 1 show absorption bands at wavelength 282 nm
which are intraligand transitions π→π* from CS2 groups which
are influenced by the presence of the R group hyperconjugation
to nitrogen atoms in the absorption area of 250-300 nm 15. The
shift in the II band which is an intraligand transition n→π* from
the group N=C=S at wavelengths 374 nm is indicated by complex
compounds.

The target of a metal complex is DNA itself which can bind
adenine and guanine in a double-helix DNA. The bond that occurs
is covalent bonds with DNA. Metal ions from complex
compounds can connect the two strands to form intra-strand
cross-links, bonding to two DNA strands in a double helix. This
intra-strand cross bond prevents cell breakdown through the
mitosis process so that the tumor stops growing. Then the tumor
cell becomes rigid which is induced by crosslinking on metal ions
so that it cannot be recognized and DNA cannot be repaired. As a
result, the cells experience death and the tumor will degenerate.
In addition, planar molecules and most hydrophobics can enter
the inside of the helix, with the process of intercalating between
base pairs in a noncovalent manner. Metallodrugs not only bind
covalently to DNA but also in a noncovalent way through an
intercalation process 18.

IR characterization
Dithiocarbamate complex compounds, for v(C-N) lies in the
wave number between single bonds (1350-1250)cm-1 and double
bonds (1690-1640)cm-1, so the bond is written as v(C=N).
Furthermore, for C-S uptake it is written as v(C=S), with the
number of wavelengths being between double bond
wavenumbers C=S (1050-1200)cm-1 and single bonds C-S (550800)cm-1 16. To ascertain the existence of bonds between metals
and ligands was observed in far infrared absorption (400-100)cm1
, namely the presence of sulfur metal bond strain from
dithiocarbamate ligands and metal bonds with nitrogen from
bipyridyl or f phenanthroline ligands 17.

CONCLUSION
Complex characterization using UV-Vis and IR showed that
complex Zn(II)cysteine dithiocarbamate compounds were
successfully synthesized by the in-situ method. The IC50 value of
the Zn complex is lower than cisplatin, which indicates that the
Zn(II) complex has very good inhibitory activity against cancer
cells. Even, Zn(II) complex induces cancer cell apoptosis.

Infra red absorption peak at wavenumber 397 cm-1 indicates the
interaction of S atoms with Zn metal ions. The absorption peak at
wavenumber 420 cm-1 indicates the interaction of O atoms of
complex compounds with Zn metal ions. The absorption peak at
wave number 534 cm-1 indicates the interaction of N atoms of
complex compounds with each Zn metal ion. The appearance of
absorption at wavenumber 1126 cm-1 shows double absorption
peak which indicates monodentate coordination between groups
(C=S) with Zn metal ions. Then there is a strong absorption at the
wavenumber 1624 cm-1 which indicates that it is derived from the
amine group (C=N). Results of the spectrum of complex
compounds that have been synthesized, Figure 3.
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