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Abstract: Studies on the discovery of new cancer treatment by using metal-based compounds such as tin (Sn)
has now greatly being synthesized and evaluated to identify their effectiveness and suitability to be developed
as a new anticancer drug. Approach: This study was carried out to evaluate the cytotoxicity of triphenyltn(IV)
methylisopropyldithiocarbamate (compound 1) and triphenyltin(TV) ethylisopropyldithiocarbamate (com pound
(2) on chronic myelogenus leukemia cells. The determination of their cytotoxicity (IC,,) at different time of
exposure and concentration was carried out through the employment of 3-(4, 5-dimethylthiazol-2-y1)-2,
5-diphenyl-tetrazolium bromide (MTT) assay. Results: The IC,;values obtamned for compound 1 and 2 following
treatment at 24, 48 and 72 h were 0.660, 0.223, 0.370 uM and 0.677, 0.306, 0.360 uM, respectively. Cell
morphological changes such as apoptotic and necrotic features were also been observed Conclusion: The
compounds tested were found to give cytotoxic effect against chronic myelogenus leukemia (K-562) cell at a
micromolar dose. Thus, further study on their specific mechanism of actions in the human cells should be

carried out to elucidate their potential as an anticancer agent.
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INTRODUCTION

Metals are beneficial in variety of applications in
human daily life including agricultures, manufacturing
industries and medicine. In medicine, various types of
compounds are currently being synthesized and studied
world wide with the aim of evaluating their potential to be
developed as a new anticancer agent. Nowadays, the
organometallic compounds such as awum and tin
derivatives compounds are the most potent candidates to
possess anticancer property as they showed a promising
anti tumor effect among variety of human cancer cell lines
(Alama et al., 2009). Organotin(TV), is one of the examples
onn metal-based compounds used m  previous
studies which gave a very strong cytotoxic effect towards
cancer cells tested, thus shows potential to be developed
as an anti tumor drug (Pellerito et al, 2006). Some
examples of the organotin(TV) derivatives compounds
found to give a good anti proliferating effect towards
cancer cells are diphenyltin(TV) and triphenyltin(TV').

Diphenyltin demonstrates high anti proliferative
effect against several human tumor cell lymphoma tested
in vitro (Syng-ai et al., 2002). Besides, in vitro studies by
using several organotin compounds also showed better
antitumor effects against HeLa tumor cells, CoLo205 and
MCTF-7 as compared to cisplatin (Tian et al., 2005).
Furthermore, Kaludjerovic et al (2010) who used
triphenyltin(TV) chloride found that this compound gave
higher cytotoxicity than cisplatin when tested in several
types of tumor cells mcluding ovarian, lung, head and
neck cancer cells.

Other than organotin, dithiocarbamate compounds
also used in variety of applications especially in
agricultures, industries and medicines. In agriculture,
these compounds are cwrently used as fungicides,
herbicides and insecticides (Johnson et al., 2003). Maneb,
Zmeb and Mancozeb are several examples of
dithiocarbamate compounds applied as fungicides. At
the cellular level m the in vitro model, dithiocarbamate
acts as a pro-oxidant or antioxidant, inhibitor or inducer
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of apoptosis and also enzyme inhibitors (Gessner and

Gessner, 1992). Interestingly, the combination of
organotin and dithiocarbamate compounds showed
potential to be developed as anticancer agents,
antimicrobial agent and also insecticide (Pratt, 1994).

Therefore, tlus  study was camried out to
evaluate the  cytotoxicity of  triphenyltin(IV)
methylisopropyldithiocarbamate  and  triphenyltin{TV)
ethylisopropyldithiocarbamate against chronic

myelogenus leukemia cell (K-562). The cell morphological
changes during treatment have also been observed. Thus,
their potential as anticancer agent can be identified.

MATERIALS AND METHODS

Stock preparation of compound 1: An amount of 0.0598 g
of compound 1 was fully dissolved in 1.2 mL Dimethyl
Sulphoxide (DMSO) to obtain a 100 mM of stock solution.
This stock was stored at 4°C and senal dilution was
freshly prepared using the culture media.

Stock preparation of compound 2: The stock solution for
compound 2 was prepared by using the same procedwure
for compound 1. An amount of 0.0615 g of compound 2
was fully dissolved in 1.2 ml. Dimethyl Sulphoxide
(DMS0O) and stored at 4°C.

K-562 cell culture: K-562 cell line was purchase from
American Type Culture Collection (ATCC). These cells
were cultured in a culture flask (T-75) containing Iscove’s
Modified Dulbecco’s Medium (IMDM) supplemented
with 20% Foetal Bovine Serum (FBS) and 1%
penicillin/streptomycimn to obtain complete growth media.
Cell culture was incubated in an incubator at temperature
37°C with humidified atmosphere containing 5% CO,.
Subculture of cells was done every 2-3 days to maintain
cells growth and healthiness.

MTT [3-(4, 5-dimethylthiazol-2-¥1)-2, 5-diphenyltin-
tetrazolium bromide] assay: The cells were treated with
both compounds at three different times of exposure (24,
48 and 72 h) and different concentrations through the
employment of serial dilution method. Cells without
treatment solution represent the negative control, whereas
doxorubicin was used as positive control. Cisplatin was
used as a comparison to the tested compounds. After
each treatment time points (24, 48 and 72 h), each well was
added with 0.5% MTT solution and incubated for 4 h.
Then the supernatant in each well was removed and
added with DMSO solution to dissolve the formazan
crystals formed. The color intensity in each well was
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analyzed using ELISA micro plate reader at 570 nm. The
IC,, values were obtained from the data plotted in the
graph.

Cell morphology: K-562 cells were cultured in 75 cm’
flask until confluent. An amount of 2x10° cells/mL. were
transferred into 6-well culture plates. Cells were prepared
for observation at three different times of exposure
(24, 48 and 72 h). The concentration used for both
compounds and doxorubicin were based on the 1C
values obtained from MTT assay. The concentration used
for cisplatin was 40 uM. Cells without treatment were used
as negative control. Cells were then incubated according
to each time points and the morphological changes in
each different time points were observed under inverted
MICTOSCOpe.

RESULTS

Based on the experiment, both compound 1 and 2
showed cytotoxic effects against K-562 cells at three
different times of exposure (Table 1). The 1C,; values
obtammed for 24 h of treatment for compound 1 and 2 were
0.660 and 0.677 UM, respectively. At 48 h of treatment, the
IC,, value for compound 1 was 0.223 pM, while compound
2 was 0.306 uM. For 72 h of treatment, the IC,; values
found were 0.370 pM for compound 1 and 0.360 pM for
compound 2. This clearly shows that there was no
significant difference between IC., wvalues obtained
between both compounds.

The morphological observation under inverted
microscope was done on K-562 cells during treatment
using compound 1 and 2 at IC;; concentration for each
time pomt. As compared to cells without treatment
(Fig. 1), cells upon 24 h of treatment began experiencing
changes on their structure (Fig. 2). Tt was found that both
compounds caused necrosis to K-562 in which cells were
swelling and also lysed. At the same time apoptosis was
also induced by these compounds with features such as
cell shrinkage, membrane blebbing and apoptotic bodies
clearly seen. The morphological changes for cells upon
48 and 72 h of treatment for both compounds were
showed in Fig. 3-4, respectively. After 48 h of treatment,
cells were lysed and more cells died whereas upon 72 h of
exposure, almost all cells died.

Table 1: ICy; values for K-562 after treatment

Time (h)
ICy, values (uM) 24 48 72
Compound 1 0.660 0.223 0.370
Compound 2 0.677 0.306 0.360
Cisplatin - - -
Doxonbicin 31.04 0.760 0.590
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Fig. 2(a-b). Morphology of K-562 cells, (a) With treatment of compound 1 and (b) With treatment of compound 2
after 24 h treatment by using IC; wvalue A: Membrane blebbing, B: Lysed cells, C: Cell
shrinkage, D: Apoptotic bodies (400x)

Fig. 3(a-b) Morphology of K-562 cells, (a) With treatment of compound 1 and (b) With treatment of compound 2
after 48 h treatment by using IC,; value A and C: Cell swelling, B: Cell shrinkage, D: Nuclear condensation
(400x)

Fig. 4(a-b): Morphology of K-562 cells, (a) With treatment of compound 1 and (b) With treatment of compound 2 after
72 h treatment by using IC,; value (400x)
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DISCUSSION

Athighest concentration of 2 pM, it was found to not
causing the entire cells population death. Pratt (1994)
concludes that in some tissues including both with normal
differentiation and tumor, there was a stage where no
proliferation occurred m living cells and the cells will leave
the cycle temporarily. This stage was referred as G phase.
In this phase, the cells were considered to be in resting
phase (Pratt, 1994) where the cells will not divide normally
to be performed live during chemotherapy but later will be
generated back after treatment. This could be the reason
why certain cells were still alive during treatment at high

concentration.
Another possible reason that contributes to this
phenomenon 13 resistance. Cells resistance to

organotin(IV) compounds will still alive even treated at a
high concentration and exposed for a longer period.
Besides, the natre of these compounds that showed
cytostatic activity also prevent the entire cells death at
2 uM concentrations. Cytostatic can be described as a
process retarding the growth of cells and preventing the
cells division.

Previous study has proven that triphenyltin(TV)
complexes with carboxylic acid derivatives through the
addition of methylene groups, showed that the IC,; values
obtained when tested on promyelocytic leukemia cells
HL-60 were lower than etoposide (Yip et al., 2006). The
triphenyltin(IV) carboxylate complex gave lower IC,, value
than diphenyltn(IV) on cervical adenocarcinoma cells
(HeLa), chronic myelogenus leukemia (K-562) and
malignant melanoma conducted by Gomez-Ruiz et al.
(2008). Other than that, the organotin dithiocarbamate
compounds were also found to exhibit high potential to be
developed as an anticancer agent. A research conducted
using organctin complex like aromatic diorganotin{TV)
dithiocarbamate showed a high cytotoxic effect against
HL-60 and MCF-7 cells (Sanuddin et ai., 2005).

Besides that, both compounds were found to be mn
dose and time dependent mammer. This was further
corroborated by a study performed by Chikalisa et al.
(1998) on the effects of triphenyltin on growth and
viability of K-562 leukemia cells. The study showed that
the inhibition on the growth of K-562 cells depend on the
dose and duration of exposure at specific concentration
for 72 h. Comparative effects of triphenyltin compounds
with other compounds diphenyltin and
monophenyltin were also presented. The results showed
that the triphenyltin concentration inhibit 50% of K-562
cells growth with lower IC; value as compared to
diphenyltin and monophenyltin (Chikahisa et al., 1998).

such as
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Prior to this study, a research conducted on
triphenyltin(TV) benzylisopropyldithiocarabamate tested
on WEHI 7.2 cells was able to kill 50% of cells population
with IC;, values 0.6 pM for 24, 48 and 72 h of exposwre
(Normah et al., 2011).

Hence, the potential of these compounds to induce
cytotoxicity on tumor cell lines has already been proven.
However, it must be noted that a good anticancer agent
should give selective effects by giving maximum effect on
cancer cells and at the same time giving the least effect on
non cancer cells (Salmon and Sartorelli, 2001). An
interesting  fact that giving the additional value on
organotin(I'V) dithiocarbamate compounds is the ability of
their molecular structure to be modified. The modification
on their molecular structures 13 likely possible to reduce
their toxic affects on non cancerous cells and
simultaneously still have a good potential as anticancer
agents. Substitution of organotin(TV) with other chemical
structures or breaking its linear carbon chain bonded to
tin atom will reduce the toxicity level.

In order to compare the cytotoxic potential of these
compounds with established clinical drugs, cisplatin was
used. Cisplatin was chose as it share similar characteristic
with organotin(IV) compound that 15 a metal based
compound. In this study, cisplatin did not show cytotoxic
effect on K-562 cells. This is because cisplatin is a
chemotherapeutic drug used for solid tumors and not for
blood cancers like leukemia. Hussam et af. (2008) reported
that cisplatin is widely used for treatment of tumors such
as testicular, ovarian, cervical, endometrial, head, neck,
lung and gastroesophagus cancers. Cisplatin is also used
as a second or third treatment for prostate and breast
cancer including melanoma and glioma (Oh et al., 2007).

Besides cisplatin, another established clinical drug
used in this study is doxorubicin. In this study,
doxorubicin was used as a positive control. It was found
that the viability of K-562 cells significantly decrease
when the concentration of doxorubicin increase. At low
concentration, doxorubicin already showed its IC,; values.
Hatano et af. (1993) reported that m terms of eytotoxicity,
doxorubicin showed strong cytotoxic effect on leukemia
cells K-562.

Cells treated will experience morphological changes.
Based on the morphological observation, it can be
confirmed that the IC,; values obtained, which is at low
concentration, was able to cause cell death and proved
that compound 1 and 2 can give toxic effect to K-562 cells.
A study conducted by Hoti et al. (2003) indicated that the
triphenyltin benzimidazolethiol induced apoptosis in
human cervical cancer cells. Tn addition, the study also
found that this compound was better than cisplatin in
inducing apoptosis.
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Morphological observation using IC, value
confirmed that both compounds gave cytotoxic effect
towards K-562 cells at very low concentrations. Previous
study found that at concentration of 4 pmol L7,
triphenyltin acetate induced early and late apoptosis
phenomenon. While at the highest concentration up to
8 pmol L™, cells were driven to undergo necrosis rather

than apoptosis (Bollo et al., 2006).

CONCLUSION

In conclusion, the newly synthesized triphenyltin(IV)
methylisopropyldithiocarbamate and  triphenyltin(IV)
ethylisopropyldithiocarbamate showed cytotoxic
characteristic due to their ability to mubit K-562 cells
growth at very low doses. Further studies should be
carried out on the mechanism of action of triphenyltin(TV')
methylisopropyldithiocarbamate  and  triphenyltin{TV)
ethylisopropyldithiocarbamate on K-562 cells, thus
confirm its potential to be developed as anticancer agent.
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