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Methyltin(IV) of butyltin(IV)–N-hydroxyethyl dithiocarbamate complexes, represented as [(CH3)2Sn(L(OH))2]
and [(C4H9)2Sn(L(OH))2] respectively were synthesized and characterized using spectroscopic techniques (1H,
13
C and 119Sn NMR) and elemental analysis. Both infrared and NMR data showed that, the complexes were
formed via two sulphur atoms of the dithiocarbamate group. This mode of coordination was further supported by
the DFT calculation, which suggested the formation of a distorted octahedral geometry around the tin atom. The
complexes were screened for their antioxidant, cytotoxicity and anti-inﬂammatory properties. Four different
assays including DPPH, nitric oxide, reducing power and hydrogen peroxides were used for the antioxidant
studies, while an in vitro anti-inﬂammatory study was done using albumin denaturation assay. The complexes
showed good antioxidant activity, especially in the DPPH assay. Butyltin(IV)–N-hydroxyethyl dithiocarbamate
showed better cytotoxicity activity compared to methyltin(IV)–N-hydroxyethyl dithiocarbamate in the selected
cell lines, which included KMST-6, Caco-2 and A549 cell lines. The anti-inﬂammatory activities revealed that the
two complexes have useful activities better than diclofenac used as control drug.

1. Introduction

causes damages and instability in the DNA makeup, which in turn favours
the emergence of carcinogenesis [3]. In recent time, they have, in fact,
been found to play a more complex role in the emergence of cancerous
cells than initially thought. However, a steady level of antioxidant may
result in low level appearance of these free radicals, which in turn creates
a ﬁne-tuning effect on the redox status of the cells [3]. The transcriptional
and post-transcriptional changes of protein, which is thought to play a
crucial role in the control of cell cycle, have been associated with the
mechanism involved in the redox status modiﬁcation of the proliferating
activities of cancerous cells [3]. Since normal cell lines show a lower level
of free radicals than the cancerous counterpart, it is believed that the
anti-oxidative stress mechanism is highly favoured in the cancer cells.
Hence, there is a need to combat or bring to the barest minimum, the

The partial reduction of oxygen in the body has continuously resulted
to the production of reactive oxygen species (ROS) such as hydroxyl,
superoxide, and hydrogen peroxide radicals [1]. Although, some of these
products are able to protect the human body against harmful oxidative
compounds [1], the excessive production of some of these radicals have
been found to lead to protein, DNA and lipid damages, which consequently heighten the tendency for ageing, and various diseases such as
cancer, neuro/heart diseases, etc [2]. For instance, some superoxide
generated by the intrusion of microphages of infected organs have
resulted in complication associated to severe inﬂuenza. Thus, the existence of free radicals, which are toxic to many cellular components
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Elementar, Vario EL Cube. The infrared spectroscopy measurement was
done using Alpha Bruker FTIR spectrophotometer. The Nuclear Magnetic
Resonance (NMR) analysis was done using a 600 MHz Bruker Avance III
NMR spectrometer for 1H, 13C, 119Sn NMR analyses. Tetramethylsilane
was used as internal standard at room temperature.

level of free radicals present in the body and also proffer a suitable
anticancer therapy, which has little or no side effects.
The design of new therapeutic agent is fundamental to medicinal
chemistry [4]. Metal complex synthesis has emerged as one of the drug
discovery strategies for the engineering of novel therapeutic agents since
the discovery of cisplatin. Metal complexes have shown different useful
biological properties such as antimicrobial, antioxidant, anticancer and
antimalarial activities [5]. These biological activities have been generally
attributed to the synergistic relationship between the ligand moiety and
the metal centre. Thus, there has been an increase attention in the studies
of these group of compounds [5]. One notable group that has continued
to gain signiﬁcant attention is the dithiocarbamate complexes.
Dithiocarbamate are soft donor ligands which have the capacity to
form chelates with most metal ions in the periodic table, including
actinide and lanthanide [6]. They have been reported to stabilize
different metals and increase their oxidation number to form stable
complexes [7]. Dithiocarbamate compound and its derivatives have
emerged as a one of the useful metal chelating antioxidant [8]. This class
of compound have already shown potentials to stop proliferation of cell
alongside the removal of unwanted superoxide anions [9]. Likewise, the
antioxidant properties of the transition metal derivatives of this compound have already been studies, however, not much is known about the
antioxidant properties of the organometallic class, like the organotin
derivatives [10]. However, organotin(IV) complexes have been reported
to show useful cytotoxic properties against different types of cancer cell
lines as reported in several literature and some of our recent studies [4,
11, 12, 13]. Their reactivity in biological systems and cells have been
reported to be affected by the structural conﬁguration. Those with more
alkyl and aryl groups attached to the tin center, exert more biological
effect than those with less number. Hence, signiﬁcant biological activities, especially cytotoxicity, have been reported to follow the order
RSn3þ< R2Sn2þ < R3Snþ [14]. For instance, the more lipophilic complexes such as those bearing the bulky phenyl group have been found to
easily interact due to π-π interactions with the cellular and cytoplasmic
membranes [15], which in turn enhance permeability into these cells and
consequently lead cell apoptosis. Nevertheless, their selectivity against
the used cell lines have been thought to also play a major role in this
order.
Although, there are a few reports on the synthesis of organotin(IV)
complexes (using different ligands) as potential antimicrobial and anticancer agent, not many dithiocarbamate derivatives are known for
antioxidant and cytotoxicity properties. In continuation of our research
interest in the development of organometallic compounds with improved
biological activities, we herein report the preparation, and characterization of two new compounds of organotin and dithiocarbamate.
Quantum chemical calculations (conducted in vacuo using the density
functional theory method) was used to ascertain the geometry and
electronic properties. The complexes were screened for their antioxidant,
cytotoxicity and anti-inﬂammatory properties andthe effect of the alkyl
derivatives on the potency of these complexes was also evaluated.

2.1. Synthesis of complexes
The synthesis of the ligand and complexes followed our earlier reported procedure [16]. Cold ammonium hydroxide (0.01 mol) and cold
carbon disulphide (0.01 mol) were added dropwise, at 20 min interval,
into a 250 mL round bottom ﬂask containing an already stirring
N–methyl–N–ethanolamine (0.01 mol) placed in an ice bath. Thereafter,
the mixture was allowed to stir for 4 h and respective aqueous solution of
alkyltin(IV) chloride (0.005 mol), dissolved in cold ethanol, was added to
the stirring mixture. The stirring continued for another hour. The
resulting white precipitates were ﬁltered, rinsed with large volume of
ethanol, and dried in vacuo (Figure 1).
2.1.1. Methyltin(IV)–N-hydroxyethyl dithiocarbamate,
[(CH3)2Sn(L(OH))2]
Yield, 2.10 g, 86 %; M. Pt, 198–200  C; Selected IR, (cm1): 1476
ν(C¼N), 1350 ν(C2–N), 990 ν(C–S), 2950 ν(–C–H), 3320 ν(O–H), 1616
δ(O–H), 455 (Sn–S); 1H NMR (600 MHz, CDCl3) δ (ppm) ¼ 7. 33 (S, 2H,
-OH) 4.11 (t, J ¼ 5.4 Hz, 4H, N–CH2), 4.02 (t, 4H, J ¼ 5.4 Hz, CH2–OH),
3.53 (s, 6H, CH3–N), 2.22 (s, 6H, Sn–CH3); 13C NMR δ (ppm) ¼ 207.3
(-NCS2), 60.7 (-CH2-OH), 59.0(–CH2–N), 44.4 (CH3–N), 31.2 (Sn–CH3);
119
Sn NMR (CDCl3) δ (ppm): -331.5;
C10H22N2O2S4Sn (449.26): C, 26.73; H, 4.94; N, 6.24; O, 7.12; S,
28.55; Found: C, 26.10 H, 4.55; N, 6.05; O, 7.02; S, 29.01.
2.1.2. Butyltin(IV)–N-hydroxyethyl dithiocarbamate,
[(C4H9)2Sn(L(OH))2]
Yield, 2.45 g, 81 %; M. Pt, 210–215  C; Selected IR, (cm1): 1444
ν(C¼N), 1335 ν(C2–N), 988 ν(C–S), 2945 ν(–C–H), 3350 ν(O–H), 1620
δ(O–H), 444 (Sn–S); 1H NMR (600 MHz, CDCl3) δ ¼ 7. 33 (S, 2H, -OH),
4.16 (t, J ¼ 5.3 Hz, 4H, N–CH2), 4.04 (t, J ¼ 5.4 Hz, 4H, OH–CH2), 3.56
(s, 6H, N–CH3), 2.12 (t, 4H, CH2CH2CH2CH3), 2.01–1.93 (m, 4H,
CH2CH2CH2CH3), 1.53–1.46 (m, 4H, CH2CH2CH2CH3), 1.00 (t, J ¼ 7.3
Hz, 6H, CH2CH2CH2CH3); 13C NMR (151 MHz, CDCl3) δ (ppm) ¼ 202.4
(-NCS2), 60.8 (-CH2-OH), 58.7 (–CH2–N), 44.1 (CH3–N), 34.4
(CH2CH2CH2CH3), 28.7 (CH2CH2CH2CH3), 26.5 (CH2CH2CH2CH3), 13.9
(CH2CH2CH2CH3); 119Sn NMR (CDCl3) δ (ppm): -330.8.
C16H34N2O2S4Sn (534.05): C, 36.03; H, 6.42; N, 5.25; O, 6.00; S,
24.04; Found: C, 36.01; H, 6.12; N, 4.99; O, 5.89; S, 23.98.
2.2. Computational details
Ground state equilibrium geometries of the ligands and Sn complexes
were derived by geometry optimization calculations at the M06/ccpVTZ//LANL2DZ level of theory, where cc-pVTZ and LANL2DZ basis
sets were applied to the non-metallic and Sn atoms, respectively. The use
of LANL2DZ and effective core potential (ECP) on the metal had been
reported to improve accuracy and reduce computational cost [17, 18, 19,
20]. Modelling of structures and visualization of electron density
iso-surfaces were achieved with GaussView 5.0 [21], while Density
functional theory (DFT) calculations were performed with Gaussian 16

2. Materials and methods
All the reagents used in this study were procured from Merck chemical Co without further puriﬁcations. Melting points were determined
using Gallenkamp melting point apparatus. The percentage elemental
composition (C, H, N, and S) for these complexes were obtained using

Figure 1. Synthetic scheme of the alkyltin(IV) N-methyl-N-hydroxyethyldithiocarbamate complexes.
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2.3.4. Ferric reducing power antioxidant assay
The procedure used in the ferric reducing assay followed an
already reported method [27]. This method is based on the ability for
Fe3þ to become reduced by a reducing agent to Fe2þ. Thus, Various
concentration of the complexes (0.2 mL) was mixed with equal volume of phosphate buffer and potassium ferricyanide. The resulting
mixture was sonicated and incubated for 20 min at 50  C. When these
mixtures where adjudge cooled, trichloroacetic acid (10 %, 0.2 mL)
was added to the mixture and centrifuged for 10 min at 4500 rpm.
Thereafter, 100 μL of the prepared solution was mixed with 20 μL of
the ferric chloride solution and, 100 μL of distilled water and then
measure at an absorbance of 700 nm. Similarly, the control was prepared using the same procedure but without the test complexes.
Furthermore, ascorbic acid at various concentrations was used as
standard.

[22], and natural bond analysis (NBO) was carried out using the NBO
program [23] in Gaussian 16 (as link 607).
2.3. Antioxidant study
2.3.1. 2,2- diphenyl-1picrythydrazyl hydrate (DPPH) free radical
scavenging assay
The 2,2- diphenyl-1picrythydrazyl hydrate (DPPH) free radical
scavenging capacity of the compounds were estimated according to
previously reported procedure [24] using DPPH assay. The stock solution
of the DPPH was prepared in 100 mL of methanol and kept in the dark for
30 min. This was followed by the preparation of 50 μM stock solution of
the complexes in ethanol. The prepared stock solution of the complexes
was then serially diluted to 25, 12.5, 6.25, 3.12 and 1.56 μM, followed by
the addition of 1 mL of 0.1 mM DPPH to each diluted concentration.
Thereafter, this mixture was properly mixed and incubated for 30 min in
the dark at room temperature followed by the pipetting of 250 μL of each
mixture in triplicates into a 96-welled microplate. The absorbance of
these mixtures was then measured at a wavelength of 515 nm using a
microplate reader (model 680-BIO-RAD, USA). Ascorbic acid was used
as a positive control over similar concentration range. All experiments
were done in triplicates. The percentage scavenging properties estimated
from the DPPH assay methods was obtained using the following equation
in (1)
(%) inhibition ¼ [ (Ac–At) /Ac]  100

2.4. Cytotoxicity study
The toxicity effect of the complexes was investigated on human
non-tumorigenic immortalized ﬁbroblast (KMST-6), and immortalized
colorectal adenocarcinoma (Caco-2) and alveolar basal epithelial
adenocarcinoma (A549) cells using the 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) assay as previously described
[28]. The cells were bought from American Type Cell Culture (Manassas, VA, USA). They were seeded in 96 well plate at a density of 1 
105 cells/mL in Dulbecco's Modiﬁed Eagle Medium (DMEM) for
KMST-6 and Caco-2 cells, and DMEM-F12 for the A549 cells. All
media were supplemented with 10 % fetal bovine serum (FBS) and
1 % Penicillin-Streptomycin. The cells were treated with 0–100 μM of
the complexes for 24–48 h. The MTT dye (10 μL of 5 mg/mL per 100
μL of media) was added to each well and incubated for 3 h. This was
followed by the addition of 100 μL of DMSO to dissolve the insoluble
formazan. The 1 % DMSO and doxorubicin were used as vehicle and
positive controls, respectively. Assays were carried out in triplicates.
The absorbance of each well was read at a wavelength of 570 and 700
nm using the POLARstar Omega microplate reader (BMG Labtech,
German). Changes in morphology of the cells caused by the treatments were monitored and photographed on EVOS XL digital inverted
microscope. The percentage cell viability was estimated using the
formula (see eq. (4)):

(1)

where Ac ¼ absorbance of the control (containing all reagents except the
test compound), and At ¼ absorbance of the test compound.
2.3.2. Nitric oxide scavenging assay
The procedure used in the nitric oxide scavenging study followed an
already reported method [25]. Sodium nitroprusside (2 mL, 10 mM)
made in phosphate-buffer saline (0.5 mM) of pH 7.4 was mixed with the
respective complexes (0.5 mL). The prepared mixture was then incubated
for 3 h at 25  C. After which, 0.5 mL of this mixture was mixed with
Griess reagent (0.33 % sulphanilamide dissolved in 20 % glacial acetic
acid and mixed with 1 mL of naphthylethylenediamine chloride (0.1%
w/v)). The mixture of the complex and Griess reagent was then incubated
for 30 min at room temperature, and thereafter, 250 μL of this mixture
was measured at an absorbance of 540 nm in a 96-welled microplate,
whilst using sodium nitroprusside in methanol as the negative control.
This experiment was carried out in triplicates for each of the complex.
The percentage scavenging properties estimated from the nitric oxide
assay methods was obtained using the following equation in (2)
(%) scavenged [NO] ¼ [ (Ac–At) /Ac]  100

ð%Þ cell viability ¼

(4)

2.4. In vitro anti-inﬂammatory assay
(2)
The method adopted followed an already reported procedure in
literature [29]. 2 mL of the complex or standard drug was mixed with a
mixture of 2.8 mL of phosphate buffered saline (pH 6.4) and 0.2 mL of an
egg albumin obtained from fresh egg. This mixture was the incubated for
15 min at 37  C and thereafter boiled in a water bath for 5 min at 70  C.
The resulting mixture was then cooled and then the measure at an
absorbance of 655 nm using a microplate reader (model 680-Bio-Rad,
made in USA) after dispensing 250 μL of the mixture into a 96-welled
microplate. Diclofenac was used as the standard drug. The concentration of the samples and the standard drug used are 50, 25, 12.5, 6.25,
3.12 and 1.56 μM. This study was carried out in triplicates for each of the
complex. The percentage inhibition of protein denaturation was calculated suing Eq. (5)

where Ac ¼ absorbance of the control (containing all reagents except the
test compound), and At ¼ absorbance of the test compound.
2.3.3. Hydrogen peroxide scavenging assay
The scavenging activity of hydrogen peroxide on the compounds at
different concentration was determined using an established literature
method [26]. About 4 mL solution of the complexes were prepared in
1 % DMSO at graded concentration (50, 25, 12.5, 6.25, 3.12 and 1.56
μM) and mixed with 0.6 mL of hydrogen peroxide solution (4 mM)
prepared in a phosphate buffer (0.1 M: pH 7.4) and incubated at room
temperature for 10 min. Thereafter, 250 μL of the mixture was pipetted
into a 96-well microplate and the absorbance was measured at 405 nm
using a microplate reader (model 680-Bio-Rad). The percentage of
hydrogen peroxide scavenged by the complexes was calculated as follows (see eq. (3)):
(%) scavenged [H2O2] ¼ [ (Ac–At) /Ac]  100

mean value of test compounds
 100
mean value of untreated


Vt
 1  100
Vc


% Inhibition ¼

(3)

(5)

where, Vt ¼ the absorbance of the test sample, Vc ¼ absorbance of the
control. The compounds' concentration for 50 % inhibition (IC50) was
determined by the dose-response curve.

where Ac ¼ absorbance of the control (containing all reagents except the
test compound), and At ¼ absorbance of the test compound.
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Figure 2. (a) 1H and (b)

13

C NMR spectra with inset of

3. Results and discussion

119

Sn NMR spectrum (c) for [(CH3)2Sn(L(OH))2] (1).

indicated that the dithiocarbamate ligand was bonded to the tin atom in a
bidentate fashion via the two available sulphur atoms [32]. Other
notable bands found in the region between 455 – 444 cm1 and
3350–3320 cm1 were associated with dthe v(MS) and the v(OH)
stretching vibrations, respectively.
In the proton NMR spectra, the signals of the –OH group was found
at 7.33 ppm [16]. Methylene proton (HO–CH2–CH2–N-) signals which
are attached to electronegative –N and –OH, on the opposite sides
(HO–CH2–CH2–N-), were found as triplets and somewhat downﬁeld in
the range 4.16–4.02 ppm due to the deshielding effect of these electronegative atoms [33, 34]. In the organotin(IV) moiety bearing
different alkyl groups, hydrogen signals from methyl group of
[(CH3)2Sn(L(OH))2] was found as a strong singlet at 2.22 ppm,
whilst the proton signals associated with the methylene and methyl

3.1. Spectroscopic studies
The FTIR spectra of the complexes were compared with similar reported complexes in related compounds. The relevant bands, which are
signiﬁcant in understanding the structural features of dithiocarbamate
complexes are the stretching vibration of ν(C–S), v(C¼N) and v(MS)
found at 1060–940 cm1, 1580–1450 cm1 and 455–250 cm1, respectively [30]. In these complexes, the stretching vibration of v(C¼N), which
is often associated with the delocalization of electron towards the metal
centre, was found between 1476 – 1444 cm1 [31]. The second
stretching band emanating due to ν(C–S) of the thioureide band was
found as a single band in all the complexes between 990 – 988 cm1. This
4
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Figure 3. (a) 1H and (b)

13

C NMR spectra with inset of

groups in [(C4H9)2Sn(L(OH))2] were found around 2.12–1.0 ppm
[35].
The 13C NMR spectra of [(CH3)2Sn(L(OH))2] is presented in
Figure 2. In all the complexes, the NCS2 carbon resonance appeared
around 207–202 ppm. The somewhat upﬁeld shift is attributed to the
deshielding of the C atom of the thioureide group upon bonding with the
electropositive metal centre. Other notable carbon resonances in the
complexes were found approximately at 60, 59 and 45 ppm for –CH2-OH,
–CH2-N, CH3–N respectively. The reason for the downﬁeld values of
these methylene and methyl carbons can be attributed to their attachment to the electronegative –OH and –N groups, which causes these

119

Sn NMR spectrum (c) for [(C4H9)2Sn(L(OH))2] (2).

carbons to be deshielded compared to free methylene and methyl carbons [34]. The methylene and methyl carbon resonances for the organotin(IV) moieties were found in the range between 34 – 13 ppm for the
[(C4H9)2Sn(L(OH))2] complex and at approximately 31 ppm for the
[(CH3)2Sn(L(OH))2] [35].
The range of chemical shift of 119Sn NMR are already established for
different geometries, which gives an idea on the nature of coordination
about the Sn atom [36]. In this study, the 119Sn NMR spectra, presented
as insets in Figures 2c and 3c, showed a singlet at approximately -331
ppm, which suggest a hexa-coordinated geometry about the metal centre
in all the complexes [36].
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2.95479 Å. The observed two ranges of bond lengths indicate that the
dithiocarbamate ligand behaved as a bidentate unsymmetric or anisobidentate ligand [13, 39]. Such asymmetric Sn–S bonds are commonly
observed for Sn-dithiocarbamate complexes with monodentate
co-ligands, which could assume cis or trans orientation with respect to
the Sn–S bonds of the bidentate dithiocarbamate [13]. The results suggest that the geometry parameters of the complexes are not largely
affected by the alkyl chain length of the co-ligands (i.e. –CH3 and –C4H9
in [(CH3)2Sn(L(OH))2] and [(C4H9)2Sn(L(OH))2] respectively) as the
Sn–S bond lengths of [(CH3)2Sn(L(OH))2] are only ca. 0.01 Å shorter
than those of [(C4H9)2Sn(L(OH))2]. Other bond lengths and angles are
also not signiﬁcantly different. Previous studies on organotin(IV)
dithiocarbamate complexes with alkyl co-ligands had reported similar
observations [40]. The C–Sn–C bond angles for the Sn-alkyl centered
bonds are between 140 - 143 , suggesting that the alkyl groups coordinate to the central Sn atom in a trans conﬁguration [13]. The complexes
assumed distorted octahedral structures with dithiocarbamate ligand bite
angles (S–Sn–S) between 65.4  C and 65.7  C, and the Sn–S–C–S torsion
angles suggest near co-planarity.
Electronic structures of the complexes were examined to describe
their prospective reactivity based on electron density distributions of the
frontier molecular orbitals (FMOs). The highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) electron density isosurfaces of the complexes are shown in Figure 5(a and b).
The HOMO electron density for both complexes mainly centered on the S
atoms of the dithiocarbamate ligands, while the LUMO electron density is
extended to other atoms of the dithiocarbamate ligand. Since the selected
iso-value might not reﬂect contributions below certain percentages in the
graphical charge density distribution isosurfaces, numerical values of the
percentage contributions of each atom to the HOMO and LUMO were
derived from natural bond orbital (NBO) analyzes results interpreted
with the aid of Multiwfn [41, 42] modules. The condensed natural atomic
orbital (NAO) compositions centered on each atom for the FMOs are
listed in Table 2. The results showed that the central Sn atom does not
contribute signiﬁcantly to the FMOs electron density, showing between
1.1 – 1.6 % due to 5s orbital for the HOMO and 1.2–4.4 % due to 5p
orbitals for the LUMO. Major contributions to the HOMO and LUMO
were due to 3p orbitals of the dithiocarbamate S-atoms and 2s and 2p
orbitals of C-atoms of the alkyl co-ligands.

Figure
4. Optimized
ground
state
equilibrium
structures
of
[(CH3)2Sn(L(OH))2] (1) (a) and [(C4H9)2Sn(L(OH))2] (2) (b) at M06/ccTVPZ//LANL2DZ level.

3.2. Molecular and electronic structures
Optimized structures of the Sn complexes are shown in Figure 4,
showing the numbering of atoms for ease of discussion. The structures in
Figure 4 are displayed without H atoms for simplicity. Hessian calculations of the structures yielded all-positive vibrational frequencies, indicating that the structures represent the ground state equilibrium
geometries of the studied Sn complexes. Selected geometry parameters of
the ground state structures are listed in Table 1 and quite comparable to
literature data for similar complexes [13, 37, 38]. The Sn–S bonds appear
to exhibit both covalent and coordinate covalent bond characteristics
such that the lengths of the covalent Sn–S bonds range from 2.54646 Å to
2.55600 Å, while the dative Sn–S bonds are in the range of 2.94214 Å to

3.3. Biological studies
3.3.1. Antioxidant activities
Antioxidants have the capacity to scavenge free radicals such as ROS
found in most biological systems [43]. These radicals have been found to
cause oxidation of lipids, proteins, and nucleic acids, which can in turn
lead to degenerative diseases such as cancer. Owing to the few data
available for the antioxidant activities of organotin(IV) dithiocarbamate
complexes, the antioxidant activities cannot simply be evaluated using a
single method only. Many systems have been recorded and recommended to establish the authenticity of an antioxidant properties of
compounds [44]. Consequently, in this study, radical scavenging assays
using 2,2-diphenyl-1-picrylhydrazyl (DPPH), peroxide, nitric oxide were
all employed in establishing the antioxidant potential of the synthesized
complexes in comparison to ascorbic acid. The IC50 of the complexes in
all the assays are presented in Table 3, the complexes showed a scavenging property, comparable and somewhat better, especially in the
DPPH assay, than the positive control (ascorbic acid). This implies that,
the complexes are good donors of hydrogen to radicals which in turn
increases their ability to scavenge such radicals [44]. Thus, the reduction
of DPPH absorption is suggestive of the ability of the complexes to
scavenge free radicals, independent of enzymatic actions due to the capacity of the complexes to break down hydrogen and lipid peroxide.
Although, the two complexes showed good activity in the DPPH assay,
[(C4H9)2Sn(L(OH))2]showed best scavenging activity, which is most
likely due to the longer butyl chain. This activity agrees well with other

Table 1. Geometry parameters of the optimized ground state equilibrium
structures of the Sn complexes at M06/cc-pVTPZ//LANL2DZ level.
Geometry Parameters

[(CH3)2Sn(L(OH))2] 1

Sn33–S15

2.54646

[(C4H9)2Sn(L(OH))2] 2
2.55600

Sn33–S16

2.94214

2.95479

Sn33–S31

2.54679

2.55600

Sn33–S32

2.94366

2.95478

S15–C14

1.75395

1.75284

S16–C14

1.69398

1.69515

S31–C30

1.75398

1.75284

S32–C30

1.69393

1.69515

C14–N9

1.33944

1.33962

C30–N25

1.33948

1.33962

S15–Sn33–S16

65.71190

65.41597
65.41607

S31–Sn33–S32

65.41607

S15–C14–S16

120.67356

120.69904

S31–C30–S32

120.68404

120.69893

C–Sn–C

140.81251

143.19581

Sn33–S15–C14–S16

-1.54723

2.11973

Sn33–S31–C30–S32

-1.55573

2.12052
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Figure 5. HOMO (a) and LUMO (b) isosurfaces of the alkylptin(IV) dithiocarbamate complexes (Iso-value ¼ 0.020000).

Table 2. Natural atomic orbital compositions of the HOMO and LUMO of complex 1 and complex 2.
Composition (%)
Atom

[(CH3)2Sn(L(OH))2] 1

[(C4H9)2Sn(L(OH))2] 2

HOMO

LUMO

HOMO

LUMO

C4

-

1.728

-

-

N9

-

-

-

7.124

C10

-

1.063

-

-

C14

2.901

34.172

-

23.244

S15

14.359

14.572

2.300

4.436

S16

8.085

22.819

35.113

9.467

O23

1.180

-

-

-

N25

-

-

-

6.882

C30

3.306

5.507

-

-

S31

12.622

2.320

2.798

4.273

S32

14.385

7.955

42.497

9.115

Sn33

1.609

1.187

1.140

4.381

C34

20.779

4.452

4.776

-

C38

14.848

-

-

-

C47

-

-

4.659

-

Table 3. Antioxidant activities (IC50) of the complexes carried out on DPPH, nitric oxide, reducing power and hydrogen peroxide assays.
Samples

DPPH (IC50 μM)

Nitric Oxide (IC50 μM)

Reducing power (IC50 μM)

Hydrogen Peroxide (IC50 μM)

1

3.85  0.04

4.34  0.02

13.97  0.07

3.64  0.01

2

3.65  0.03

3.67  0.03

4.26  0.18

3.2  0.01

Ascorbic acid

4.96  0.01

2.10  0.03

4.09  0.08

3.06  0.04

Each value of the table is represented as mean  SD (n ¼ 3).

neuronal messenger, antimicrobial and antiviral activities [46]. Thus,
chronic exposure has been related to many inﬂammatory condition and
carcinomas, and they become more toxic when they interact with superoxide forming a very reactive peroxynitrite anion [46]. Hence,
[(C4H9)2Sn(L(OH))2] showed a useful capacity comparable with

studies in literature [45]. The reducing power test showed the capacity of
the complexes to behave like a reductant. Low concentration of nitric
oxide has been found to be enough to impose physiological functions of
this radical [46]. Nitric oxide is known to carry out many roles as effector
molecules in different biological systems such as in vasodilation,
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Table 4. IC50 for the as prepared complex and the reference drug (Dox).
IC50 (μM)

Treatment

A549

Caco-2

KMST-6

24 h

48 h

24 h

48 h

24 h

48 h

[(CH3)2Sn(L(OH))2] 1

>100

>100

81.24

83.59

>100

>100

[(C4H9)2Sn(L(OH))2] 2

3.59

2.70

3.361

3.44

2.80

3.286

Dox

>100

5.059

12.31

17.81

30.13

3.91

CACO-2 (24 h)

CACO-2 (48 h)

120

(a)

100

1
2
Dox

(b)

1
2
Dox
D

100

% Cell Viability

% Cell Viability

80

60

40

80

60

40

20

20

0

0
0

20

40

60

Sample concentration (mg/mL)

80

0

100

20

40

60

80

100

Sample concentration (mg/mL)

KMST-6 (24 h)

KMST-6 (48 h)

100

120

(c)

(d)

% Cell Viability

80

60

80

% Cell Viability

1
2
Dox

0
100

1
2
Dox

60

40

40
20

20

0

0
0

20

40

60

80

0

100

20

40

60

80

A549 (24 h)

A549 (48 h)

120

1
2
Dox

120

1
2
Dox

100

100

Sample concentration (mg/mL)

Sample concentration (mg/mL)

100

(f)

(e)
% Cell Viability

% Cell viability

80
80

60

60

40

40

20
20

0
0

20

40

60

Sample concentration (mg/mL)

80

0

100

20

40

60

80

100

Sample Concentration (mg/mL)

Figure 6. Cytotoxicity effect of the organotin complexes on non-cancer and cancer cells. Cell viability (%) was assessed by MTT assay after 24 h and 48 h (a–f).
Complex 1 displayed selective toxicity compared to complex 2.

conditions. The 50 % inhibition concentration (IC50) estimated from the
incubation period of 24 h and 48 h for all the complexes against the used
cell lines are summarized in Table 4. The inhibition activity graphs and
the effect of the treatments on cellular morphology after 24 h exposure on
the used cell lines treated with the highest concentration of complexes,
and the vehicle control (1 % DMSO), have been presented in Figures 6
(a–f) and 7 (using a representative images) respectively. These complexes
displayed a useful cytotoxic activity, especially for Caco-2. Furthermore,
[(C4H9)2Sn(L(OH))2] showed an outstanding activity in all tested cell

ascorbic acid to abstract the nitric acid radicals. The observed results,
therefore, suggest that the synthesized complexes exhibited good to
moderate antioxidant property in all the used assays.
3.3.2. Cytotoxicity study
The cytotoxic activity of the complexes was examined against human
immortalized non-cancer (KMST-6) and cancer (Caco-2 and A549) cells
using MTT assay. For comparison purposes, the cytotoxic potential of the
complexes and doxorubicin (Dox) were evaluated under the same
8
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1% DMSO

10% DMSO

1% DMSO

10% DMSO

1

2

1% DMSO

10% DMSO

1

2

1

2

A549

(a) Untreated
Unt

CaCO-2

(b) Unt
Untreated

KMST-6
6

(c) Untreated
Un

Figure 7. Effect of the treatments on cellular morphology after 24 h exposure. These cells (A549(a), CaCo-2(b) and KMST-6(c) cells) were treated with the highest
concentration of complexes, and the vehicle control (1 % DMSO).

formation and the ease of transportation of the [(C4H9)2Sn(IV)]þ moiety
across the cell membrane [52, 53].

lines in comparison to standard anticancer drug (Dox); such that, it was
approximately 28 times more effective in the A549 cells; 4 times more
effective in the Caco-2 cells; and 15 times more effective in the KMST-6
cells at 24 h as shown in Figure 6. The IC50 values for all the complexes
against the selected cell lines after 24 h and 48 h treatment are summarized in Table 4. In some cases, [(CH3)2Sn(L(OH))2] was least toxic
to the cells as was the case in the KMST-6 cells and at 48 h for A549. The
mode of action in these complexes have already been associated with the
length of alkyl group. The synergistic effect observed by both the organotin(IV) and dithiocarbamate ligand have contributed to the signiﬁcant
cytotoxicity in the cell lines tested; in that the ligand served as a carrier
and also contributed to the lipophilicity of the complex which in turn
facilitates the movement of metal to the location where the cytotoxicity
property is exerted [47]. Furthermore, the observed trend of activities in
all the cell lines was consistent with most reports studies on the cytotoxic
activities of organotin(IV) derivatives [13]. As the alkyl group of the
complexes increased, the cytotoxicity also increased [11, 48, 49]. Thus,
this study revealed that the alkyl chain played a major role [5]in the
observed activity. Although, [(C4H9)2Sn(L(OH))2] seemed more active
than [(CH3)2Sn(L(OH))2], there may be need for a carrier to active sites,
since it is not cancer speciﬁc as in the case of [(CH3)2Sn(L(OH))2], upon
further screening and study, [(C4H9)2Sn(L(OH))2] may become a useful
lead anticancer agent.

4. Conclusion
New complexes derived from alkyltin(IV) chloride and N-methyl-Nhydroxyethyl dithiocarbamate ligand have been successful synthesized
and characterized. The obtained analytical and computational (molecular and electronic) data conﬁrmed the structure and the composition of
the synthesized complexes. The dithiocarbamate ligand coordinated to
the tin atomin a bidentate fashion via the two available sulphur atoms,
which in turn led to the complexes adopting a distorted octahedral geometry around the metal. The biological studies showed that the complexes possessed a good antioxidant property in all the assays, especially
the DPPH assay, which suggest that the complexes can scavenge free
radicals, independent of enzymatic actions due to their ability to break
down hydrogen and lipid peroxide. Consequently, [(C4H9)2Sn(L(OH))2]
displayed enhanced and non-selective cytotoxicity against selected cell
lines compared to [(CH3)2Sn(L(OH))2] and Dox. the complexes displayed better anti-inﬂammatory activity than diclofenac, used as control
drug. The study, thus, suggest that the synthesized complexes, especially
[(CH3)2Sn(L(OH))2], are promising candidates as anticancer agents.
Declarations

3.3.3. Anti-inﬂammatory activity
As already established, all anti-cancer agents are desired to show antiinﬂammatory activities [50]. Acute and chronic inﬂammatory diseases
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