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Abstract: Acute lymphoblastic leukemia (ALL) is the most common type of leukemia affecting chil-
dren under the age of 15 years old in Malaysia. Chemotherapy is the primary treatment for cancer,
which involves the intake of chemotherapeutic drugs to kill cancer cells. Glucocorticoids such as
dexamethasone are chemotherapeutic agents used in the treatment of ALL. Although dexame-
thasone is highly effective, it is also associated with adverse effects such as bone fractures and organ
toxicity. Therefore, there is a need to develop a new anticancer drug which milder side effects and
better efficacy. Organometallic compounds such as organotin have a high potential to be developed
as an antineoplastic agent and show high specificity towards cancer cells compared to normal cells.
This study is done to evaluate the cytotoxic effects of diphenyltin(IV) diisopropyl dithiocarbamate
(DPDT) against leukemic cells CCL-119 using the Trypan Blue exclusion (TBE) method at the inter-
vals of 24, 48 and 72 h. Dexamethasone was used as a positive control. The cell’s morphological
changes were observed at 12, 24 and 48 h using the ICs values obtained using TBE assay. Results
show that DPDT has a lower ICso value than dexamethasone against CCL-119 cells at 24 h with a
value of 4.16 + 0.44puM and a selectivity index of 2.02. Dexamethasone exhibited cytotoxic effects
against CCL-119 but only ICz and ICio values were obtained. Cytotoxicity testing has shown that
DPDT is toxic on CCL-119 cells with ICso values of less than 10uM. Morphological changes in cells
show characteristics of apoptosis such as cell shrinkage, blebbing and formation of apoptotic bodies.
In conclusion, DPDT has the potential to be made into an antineoplastic agent but requires a more
detailed study involving the molecular pathway of DPDT leading to cell death.

Keywords: organotin(IV) dithiocarbamate; childhood leukemia; antileukemia activity; anti-
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1. Introduction

According to World Health Organization (WHO), cancer is the main leading cause
of death and morbidity globally, with 14 thousand new cases in 2012 and estimated to
increase up to 70 % in two decades. Generally, leukemia is a blood cancer that causes
abnormal and immature blood cells. This type of cancer usually affects white blood cells
production. Globocan 2020 reports that leukemia is Malaysia’s top 10 highest cancer cases.
There are four main types of leukemia and acute lymphoblastic leukemia (ALL) is a sig-
nificant type of blood cancer in childhood.

There are many treatment methods for leukemia and chemotherapy is one[!l. For pe-
diatric leukemia, the primary treatment involved in the chemotherapeutic regiment is
given orally or intervein 2. However, the immediate problems patients face with the
chemotherapy regimens are the side effects and drug resistance Bl. Also, the current
chemotherapeutic drugs affect the cancer cells and affect healthy non-cancerous cells. So,
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it is crucial to find a novel antineoplastic agent with high specificity towards cancerous
cells than non-cancerous cells with reduced or minimal side effects.

Following the discovery of cisplatin, a platinum-based antineoplastic agent, the more
and more organometallic compounds had been studied its biological activities. Organ-
otin(IV) is a stanum (Sn) based compound that can form a stable bond with carbon at-
omsl4l. Together with a stable ligand such as dithiocarbamate, this complex can enhance
its properties and lipophilic characteristic to react with cellular components 5l. Many re-
searches have proved the potent effect of organotin(IV) dithiocarbamate compounds on
various cells in in vitro modelsl¢ 7 8.

In this study, the cytotoxicity potency of organotin(IV) dithiocarbamate compound
known as diphenyltin(IV) diisopropyl dithiocarbamate (DPDT) (Fig. 1) were assessed on
acute lymphoblastic leukemia cells, CCL-119 (CCRF-CEM).
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Figure 1. Diphenyltin(IV) diisopropyldithiocarbamate (C26H3sN2S4Sn).

2. Materials And Methods

Diphenyltin(IV) diisopropyl dithiocarbamate (DPDT) compound, Dexamethasone
(Nacalai Tesque, Japan), MTT powder (Sigma Aldrich, USA), Rosewell Park Memorial
Institute (RPMI) 1640 Medium (Sigma Aldrich, USA), Fetal bovine serum (FBS) (Tico Eu-
rope, Netherlands), Penicillium-Streptomycin (Nacalai Tesque, Japan), Trypan blue
(Sigma Aldrich, USA), Absolute ethanol, dimethyl sulphoxide (DMSO) (Sigma Aldrich,
USA).

2.1. Stock preparation:

The stock concentration of diphenyltin(IV) diisopropyl dithiocarbamate was pre-
pared at 20 mM. Exactly 0.013 g of diphenyltin(IV) diisopropyl dithiocarbamate were dis-
solved in 1.0 mL of dimethyl sulphoxide (DMSO). The stocks solutions were stored at 4
°C, and fresh dilutions were made by adding the medium before the experiment. The for-
mula used to calculate the mass needed to prepare the stock solution is as below;

Mass (g) = Concentration (mM) x Volume (mL) x Relative molecular weight (g/mol)

Dexamethasone was used as a positive control in this study. The stock concentration
of dexamethasone was prepared at 100 mM by dissolved in absolute ethanol. The stocks
solutions were stored at 4 °C, and fresh dilutions were made by adding the medium before
the experiment.

2.2. Cell culture:

The cell line was purchased from the American Type Culture Collection. Both CCREF-
CEM (ATCC® CCL-119™) and WIL2-NS (ATCC® CRL-8155™) are suspension types of
cells. These cells were cultured in Roswell Park Memorial Institute Medium 1640, RPMI-
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1640 with supplementation of 10% Fetal Bovine Serum (FBS) and 1% penicillin-strepto-
myecin to obtain the complete growth medium. The cells were incubated at 37 °C with 5%
COz in an incubator. The cell culture was observed every day under an inverted micro-
scope to monitor the growth and contamination. The cell was cultured in Biocompatibility
and Toxicology Lab, Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Kuala
Lumpur.

2.3. Trypan blue exclusion (TBE) method:

Cytotoxicity evaluation was done by using the trypan blue exclusion method. The
principle of trypan blue stain is relatively straight forward, where the non-viable cell will
take up the blue colour while the viable cell will not. Once the cultured cell has reached
the confluency, the cell was divided into three study groups which are negative control
(untreated cells), positive control (cells treated with dexamethasone; concentration range:
0.625-10.0 uM) and treatment group (cells treated with DPDT; concentration range: 50-150
uM). Cell lines were seeded in 96-well culture plates with a final concentration of 5 x 104
cells/mL and incubated for 48 h. After the incubation period, the cells were treated and
further incubated for 24, 48 and 72 h for reaction to take place. After the treatment period
ended, the cell suspension from each well was stained with trypan blue with a dilution
factor of 1:1. The viable and non-viable cells were observed and counted under an inverted
microscope. The formula for percentage of cell viability was shown below;

Average of viable cells

P t f cell viability(%) = X 1009
ercentage of cell viability (%) Average of total cells (viable and non viable) o

2.4. Selectivity index (SI) evaluation:

The selectivity index refers to the value of treatment selectivity towards cancerous
cells and non-cancerous cells. The value of ICso obtained in the TBE assay was used in this
evaluation. SI more than 2 ! showed the compound is more selective towards cancer cells
than non-cancerous cells. The formula for SI was shown below;

_ 1C50 of WIL2 — NS cells

SI =
IC5q of CCL — 119 cells

2.5. Morphology observation:

The morphology of the cells was observed with different concentrations of treatment
and different treatment times (12, 24 and 47 h). The cell lines were seeded in 96-well cul-
ture plates with a 5 x 10* cells/mL final concentration and incubated for 48 h. After the
incubation period, the cells were treated with DPDT (ICso values) and dexamethasone
(highest concentration). The cells were further incubated at different time points. After the
incubation period, the cell suspension was observed under an inverted microscope.

2.6. Statistical analysis:

The cytotoxicity assay was repeated for 4 times (n=4). Statistical analysis and evalua-
tions of the percentage of viable cells and the concentration of compounds used to treat
the cells were calculated using GraphPad Prism 8.0 software by employing a one-way
analysis of variance (ANOVA). A p-value of <0.05 was considered statistically significant.

3. Results
3.1. Cytotoxicity evaluation
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Table 1 showed the cytotoxic effect of DPDT towards CCL-119 and WIL2-NS cell
lines at three periods of exposure (24, 48 and 72 h). The cytotoxic effect was in a dose-
dependent manner. The ICso values of DPDT for CCL-119 cells at 24, 48 and 72 h of treat-
ment were 4.16 uM, 4.50 uM, and 4.18 uM, respectively. For the control cell, the ICso values
obtained at 24, 48 and 72 h of treatment were 8.41 pM, 3.65 uM, and 2.51 uM, respectively.

Table 1. Icso values of dpdt compound after treatment at 24, 48, and 72 h against ccl-119 and wil2-ns cells.

. CCL-119 WIL2-NS

Treatment time (h) 1Cs0 (UM) 1Cs0 (UM)
24 4,16 +0.44 8.41 £ 0.45

48 450 +£0.52 3.65+0.18

72 4,18 +0.96 2.51+0.16

Cell viability (%)

The graph in Fig. 2 showed the graph of cytotoxic effects of DPDT on CCL-119 cells
after 24, 48 and 72 h of treatment. The graph proved that the DPDT treatment could reduce
the percentage of CCL-119 viability at all-treatment time. The highest concentration was
10 uM whereas the lowest was 0.625 uM. For 24 h of treatment, the lowest concentration
showed a declining trend of cell viability compared to negative control with the value of
85.12 + 0.51 %. The cell viability keeps decreasing to 34.97 + 2.81 % for the highest concen-
tration. The cell viability for DPDT treatment at 48 and 72 h also shows a similar declining
trend. For the lowest concentration, the cell viability for 48 h is 87.06 + 0.50 % while for 72
h is 79.58 + 1.67 %. The cell viability keeps decreasing to 44.02 + 1.25 % at a concentration
of 5uM (48 h) and 40.71 + 1.05 % at the highest concentration (72 h).
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Figure 2. The cytotoxicity of DPDT compound against CCL-119 cells upon 24, 48 and 72 h of treatment using TBE method.
Data represents the mean (+ SEM) of four independent experiments (n=4).

The graph in Fig. 3 showed the graph of cytotoxic effects of DPDT on WIL2-NS cells
after 24, 48 and 72 h of treatment. The graph showed that the DPDT treatment causes
WIL2-NS cell death time-dependent. The highest concentration was 10 pM whereas the
lowest was 0.625 uM. For 24 and 48 h of treatment, the lowest concentration showed a
declining trend of cell viability compared to negative control with a value of 91.34 + 0.48
% and 89.38 +1.60 %, respectively. The cell viability keeps decreasing to 44.51 +1.38 % (24
h) and 31.13 £ 2.72 % (48 h) for the highest concentration. The cell viability for DPDT treat-
ment at 72 h showed a decreasing and increasing trend. The cell viability for the lowest
concentration (0.625uM) is 80.50 + 2.30 %, decrease at 5 uM and increase to 27.97 + 1.49 %
at 10 uM.
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Figure 3. The cytotoxicity of DPDT compound against WIL2-NS cells upon 24, 48 and 72 h of treatment using TBE method.
Data represents the mean (+ SEM) of four independent experiments (n=4).

Fig. 4 showed the trend of cell viability of CCL-119 and WIL2-NS cells, respectively,
treated with dexamethasone. The treatment revealed that this glucocorticoid agent caused
a cytotoxic effect on both cells (CCL-119 and WIL2-NS) only at ICi0 and IC». Table 2
showed the summarized value of dexamethasone cytotoxic effect on CCL-119 and WIL2-
NS cells for 24, 48 and 72 h of treatment time.
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Figure 4. The cytotoxicity of dexamethasone against CCL-119 and WIL2-NS cells upon 24, 48 and 72 h of treatment using
TBE method. Data represents the mean (+ SEM) of four independent experiments (n=4).
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Table 2. Ici0 and ic2s values of dexamethasone after treatment at 24, 48, and 72 h against ccl-119 and wil2-ns cells.
. CCL-119 WIL2-NS
Treatment time () 1Cr0 (M) 1Czs (M) ICro (M) 1Czs (M)
24 109.66 £ 3.63 - 104.62 £ 15.42 -
48 66.46 £ 6.70 - 70.35+7.70 -
72 56.19 +7.74 133.04 + 4,50 42.06 +3.08 129.97 +11.49

The treatment of dexamethasone on CCL-119 and WIL2-NS showed the decreasing
trend of cell viability percentage for all treatment times. The highest concentration was
150 uM whereas the lowest was 50 pM. For the treatment of dexamethasone on CCL-119
cells, the lowest concentration (50 uM) shows the cell viability of 97.34 + 0.79 %, 94.45 +
1.54 % and 91.84 + 2.73 % for 24, 48 and 72 h of treatment time, respectively. The percent-
age keep decreasing to 81.96 +1.36 % (24 h), 76.42 + 3.50 % (48 h) and 71.97 + 0.88 % (72 h)
at the highest concentration. As for the treatment of dexamethasone on the control cell,
WIL2-NS, the trend of cell viability is similar to CCL-119. At 50 uM, the percentage of cell
viability are 93.52 + 1.60 % (24 h), 92.26 + 1.79 % (48 h) and 88.57 + 1.16 % (72 h) and drop
to 88.65 + 0.92 %, 74.77 + 0.86 % and 70.55 + 1.68 % at concentration of 150uM for 24, 48
and 72 h, respectively.

3.2. Selectivity index (SI)

Selectivity index done based on the value of ICso for CCL-119 cells and IC10 for WIL2-
NS obtained from TBE assay. The evaluation shows that the treatment of DPDT at 24 h
was selective towards CCL-119 cells (SI>2) and general selectivity at 48 and 72 h of treat-
ment. Meanwhile, all treatment time, the dexamethasone treatment showed general selec-
tivity towards CCL-119 cells (SI<2). Summary of SI obtained shown in Table 3.

Table 3. Si values of ccl-119 cells treated with dpdt compound and dexamethasone after treatment at 24, 48, and 72 h.

. Sl
Treatment time () DPDT compound Dexamethasone
24 2.02 0.95
48 0.81 1.06
72 0.60 0.98

Morphological observation

Fig. 5 and 6 showed the morphological changes on CCL-119 and WIL2-NS cells, re-
spectively, treated with DPDT compound at 12, 24 and 48 h of treatment. The ICso obtained
for CCL-119 cells are 4.16 uM, 4.50 uM, and 4.18 uM for 24, 48 and 72 h respectively.
Whereas, the ICs0 obtained for WIL2-NS cells are 8.41 pM, 3.65 pM, and 2.51 pM for 24,
48 and 72 h respectively. The result showed the characteristic of apoptotic cell death such
as cell blebbing, fragmentation and cell shrinkage.

Treatment time (h)

Negative
control
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Figure 5. Morphological observation of CCL-119 cells after 12, 24 and 48 h for the negative control, treated with DPDT
with ICso value for 24 h (4.16uM), treated with DPDT with ICso value for 48 h (4.50uM) and treated with DPDT with ICso
value for 72 h (4.18uM). (Magnification x40). Indicator: black arrow (cell blebbing), a blue arrow (fragmentation), a purple
arrow (cell enlargement), a red arrow (cell shrinkage).
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Figure 6. Morphological observation of WIL2-NS cells after 12, 24 and 48 h for the negative control, treated with DPDT
with ICso value for 24 h (4.16uM), treated with DPDT with IC50 value for 48 h (4.50uM) and treated with DPDT with ICso
value for 72 h (4.18uM). (Magnification x40). Indicator: black arrow (cell blebbing), a blue arrow (fragmentation), a purple
arrow (cell enlargement), a red arrow (cell shrinkage).

For the morphological observation of the cells treated with glucocorticoid (dexame-
thasone), the treatment was done based on the highest concentration since the ICso is un-
detected at 150 uM. The characteristic of apoptotic cells was observed at 12, 24 and 48 h
of treatment for CCL-119 and WIL2-NS cells (Fig. 7).

CCL-119 WIL2-NS
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Negative
control
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12 hours

24 hours
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Figure 7. Morphological observation of CCL-119 and WIL2-NS cells after 12, 24 and 48 h for negative control and treated
with dexamethasone at the highest concentration (150puM). (Magnification x40). Indicator: black arrow (cell blebbing), blue
arrow (fragmentation), red arrow (cell shrinkage).

4. Discussion

Acute lymphoblastic leukemia (ALL) is the primary type of leukemia in childhood
age and can originate from B or T cell. One of the treatments for ALL patients involved
giving a glucocorticoid drug such as dexamethasone ['%. However, the usage of chemo-
therapeutic drugs such as dexamethasone, prednisone, methylprednisolone and hydro-
cortisone come along with side effect such as rashes, dizziness and emotional changes.
Excessive use of dexamethasone causes resistance to the patients ' 12, So, there is a need
in searching for new anticancer drugs with fewer side effects and are more selective to-
wards cancer and non-cancerous cells.

The organotin compounds showed high potential to be developed as an antineo-
plastic agent and proved to give high cytotoxic effects compared to platinum-based or-
ganometallic complex such as cisplatin’®l. Many studies done showed that the organotin
compound could inhibit cell growth at low doses. A study done by Kamaludin et al.
showed that organotin(IV) N-butyl-N-phenyldithiocarbamate causes inhibitory concen-
tration below 6 uM towards Jurkat E6.1, K562 and HL-60 cells 141,
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It was suggested that both structure of organotin and dithiocarbamate cause syner-
getic effects on biological structure [6l. The phenol structure attached to the tin center en-
hances the lipophilic properties of the organotin structure ['5l. The nature of the dithiocar-
bamate structure produced better solubility in organic solvents than in water, thus help-
ing to transport the compound across the cell membrane ['4 161,

Inhibitory concentration 50 or ICso refers to the concentration of a substance that can
inhibit 50 % of the cell population. This value has always been used to measure the efficacy
of a drug. Besides that, the ICso value gives information related to the potency of a drug
or substance in a pharmacology study ['7l. Sebaugh stated that this value could become a
benchmark for drug toxicity because the lower the ICso, the higher the toxicity effects 18],
Other than ICso value, IC10 and ICos also suggested being biologically significant to meas-
ure the cytotoxicity efficacy due to its impact on cells’ growth and cycle "%,

The results obtained from this study indicated that DPDT could inhibit CCL-119 cells
growth. Treatment of DPDT on leukemia cells, CCL-119, reduced the cell viability to 50 %
after 24, 48 and 72 h of incubation with values of ICs0 4.16 uM, 4.50 uM and 4.18 uM,
respectively. The lowest ICso detected for CCL-119 cells is at 24 h of treatment. For the
result of DPDT treated non-cancerous cells, WIL2-NS, the lowest ICs0 value was detected
after 72 h of incubation (2.51 + 0.16puM). Pellerito et al. suggested that the best incubation
for organotin(IV) compound are between 24 to 48 hi20l.

In this study, dexamethasone was used as a positive control. Based on the TBE assay,
treatment using this drug couldn’t produce a value of ICs0 on both CCL-119 and WIL2-NS
cells even at the highest concentration (150 uM), and the cytotoxic effect was observed
better by the treatment of DPDT. However, this treatment showed a declining trend with
increasing the concentration and treatment time and producing values of ICio and ICas.
This result was opposed to the study done by Basri et al. 2!l In that study, the result of
dexamethasone on CCL-119 cells for 72 h of treatment was able to produce ICso at a low
dose which is between 0.5-2.5 uM. So, for this study, it was suggested to increase the con-
centration range since there’s declining trend of cell viability but couldn’t obtained ICso
values using current concentration range.

As an antineoplastic agent, high selectivity index (5I) is needed to produce maximum
effects in cancerous cells with minimum effects in healthy non-cancerous cells [?2I. In this
study, the highest SI was detected at 24 h of treatment (SI=2.02). By increasing the treat-
ment exposure period, the SI obtained is decreases (48 h=0.81; 72 h=0.60). This showed
that the CCL-119 develops resistance at exposure more than 24 h and the DPDT is toxic to
both cancerous and non-cancerous cells. This result was opposed to the study done by
Pillai et al. where they showed that the treatment of organotin(IV) compound showed
high selectivity to cancerous cells compared to non-cancerous cells/®I.

The organotin(IV) compound can cause a more effective reaction on cancer cells with
less toxic effects on non-cancerous cells by chemical modification/?4. This statement was
supported by a study done by Tiekink!®!. In that study, the ICso value obtained by treating
phenyltin(IV) dithiocarbamate is 0.3 uM. However, when the chloride structure was
added to the structure, the level of toxicity was reduced. With that, the organotin(IV) di-
thiocarbamate compound has the potential to be developed as an anti-cancer agent due to
the different toxicity effects produced by adding or removing one atom structure.

The DPDT compound used in this study was suggested to induce cell death through
apoptosis. Apoptosis is programmed cell death while necrosis is a mode of death that
occurs due to various stressors that can cause inflammation. Morphologically, the cells
that died via apoptosis showed characteristics of membrane blebbing, size shrinkage and
apoptotic body formation!"l. A similar result was displayed in the study done by Awang
et al. using triorganotin(IV) dithiocarbamate on Jurkat E6.1 cellsi?l. Even with all these
morphological changes observed, it was not enough to conclude that the DPDT com-
pound can induce apoptosis in CCL-119 and WIL2-NS cells. So, it was suggested to do a
more accurate study to detect the mode of cell death by using the Annexin V-FITC/PI
staining method.
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In conclusion, the organotin(IV) dithiocarbamate compound used in this study
(DPDT) was able to cause cytotoxic effects towards CCL-119 cells at low concentrations
and the ICso value was obtained at all time points (24, 48 and 72 h). Besides that, DPDT
shows selectivity and specificity to leukemia cells compared to non-leukemia cells at a
treatment time of 24 hours (SI=2.02). The positive control (dexamethasone) used was able
to cause general cytotoxic and selectivity effects (SI<2) for 24, 48 and 72 h. Morphological
observation shows characteristics of apoptotic cells such as cell shrinkage, blebbing, and
apoptotic bodies. In conclusion, the potential of DPDT as an anti-neoplastic agent requires
more detailed studies involving the molecular pathway of DPDT leading to cell death.
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