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ABSTRACT
Antibiotic resistance is becoming a global issue and is threatening the effective prevention and treatment of
increasing infections caused by pathogenic microorganisms. Organotin(IV) compounds have been widely used in
developing new antimicrobial agents. Two series of organotin(IV) dithiocarbamate namely methyl and
ethylcyclohexyldithiocarbamate containing altogether six compounds were used to test their antibacterial activity
using disc diffusion and microdilution methods. These compounds were tested against ESKAPE bacteria, which
included Enterococcus raffinosus, Staphylococcus aureus, Klebsiella sp., Acinetobacter baumanni, Pseudomonas
aeruginosa, and Enterobacter aerogenes. A microdilution test was carried out by using two-fold dilution with the
highest concentration of40 mg/mL. The results showed that the compound3 had an antibacterial activity towards
most of the bacteria tested with an inhibition range of 10–15 mm. The minimum inhibitory concentration (MIC) of
compound 3 was same with the ampicillin, which was 2.5 mg/mL. All the compounds showed bacteriostatic effects
as the minimum bactericidal concentration (MBC) values were higher than the MIC values. In conclusion,
phenyltin(IV) methylcyclohexyldithiocarbamate has a potential to be developed as an antibacterial agent.
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INTRODUCTION
The widespread deployment of antibiotic is always followed by the evolution of microbial resistance[7].According
to WHO, the antimicrobial resistance is defined as the resistance of a microorganism towards the drug that
effectively treats the infections caused by the pathogen. Resistance of the microorganisms towards the existing
antimicrobial agents in treating infectious diseases has become a global problem due to the death and disability
caused.
The presence of ESKAPE bacteria, which are the bacteria capable of escaping the biocidal action of antibiotics and
collectively represent new paradigms in pathogenesis, transmission, and resistance [16] cause the antibiotic
resistance to become worst. These bacteria have a resistance towards many antibacterial agents. In order to solve this
problem, many studies must be done to develop new antibacterial agents[15].
Organotin(IV) compounds are organometallic compounds that have a wide range of applications and have
significant biological activities [3]. These compounds have been proven to have a potential as an antibacterial [1],
antifungal [13] and antitumour [19]. These compounds has a general formula of RxSn(L)(4−x), with R is an alkyl or
aryl group and L is an organic or inorganic ligand. The dithiocarbamate compound attached on the tin makes the
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compounds to be balanced. Moreover, these dithiocarbamate compounds can inhibit bacterial activity and growth by
disturbing the metabolic process of the bacteria [20].
There are some mechanisms of action of antimicrobial agent against the microorganisms that cause the infections
and diseases. According to Black (2005), antimicrobial agents act on the microorganism by inhibiting their synthesis
of cell wall by modifying their cell wall components, inhibiting the synthesis of protein, or probably interfering with
the synthesis of DNA or RNA. The understanding of these mechanisms of action is important in order to develop
new antibacterial agents.
The main objective of this study was to perform a screening test for microbial activity of two new series of
organotin compounds, which were organotin(IV) methyl and ethylcyclohexyldithiocarbamate consisting of six
compounds using synthesis and characterisation of several processes. This study is expected to contribute to the
search of new antibacterial compounds against bacteria that are resistant to the existing antibiotics.
EXPERIMENTAL SECTION
Test compounds: The series of organotin (IV) methyl and ethylcyclohexyldithiocarbamate containing six
compounds
namely
methyltin(IV)
methylcyclohexyldithiocarbamate
(compound
1),
butyltin(IV)
methylcyclohexyldithiocarbamate (compound 2), phenyltin(IV) methylcyclohexyldithiocarbamate (compound 3),
metyltin(IV) ethylcyclohexyl dithiocarbamate (compound 4), butyltin(IV) ethylcyclohexyldithiocarbamate
(compound 5), and phenyltin(IV) ethylcyclohexyldithiocarbamate (compound 6) were synthesised at theFaculty of
Sciences and Technology, Universiti Kebangsaan Malaysia, Bangi.
Test cultures:
Bacteria: ESKAPE bacteria including Staphylococcus aureus, Klebsiella sp., Acinetobacter baumanii,and
Pseudomonas aeruginosa were cultured on Mueller-Hinton agar and Enterococcus raffinosus ATCC 49464 and
Enterobacter aerogenes ATCC 51697 were cultured on Tryptic Soy Agar (TSA).
Disc diffusion method: The evaluation of antibacterial activity was done by spreading the suspension of bacteria
containing 1 × 108 (CFUmL−1) on the surface of Mueller-Hinton agar for S. aureus, Klebsiella sp., A. baumanii and
P. aeruginosa and on TSA for E. raffinosus ATCC 49464 and E. aerogenes ATCC 51697 by using a sterile cotton
swab. 10 µL of the compounds with a concentration of 2 mg/mL was pipetted on the sterile disc and placed on the
agar. The agar was incubated at37°C for 24 h. Ampicilin (10 mg/mL) was used as a positive control. The diameter
of inhibition zone by each of the compounds was measured and interpreted using Clinical and Laboratory Standard
Institute (CLSI 2012).
Microdilution method:
Minimum Inhibition Concentration (MIC): MIC is the lowest concentration with a clear turbidity. The test was
done in a 96-well microtitre plate containing 150 µL Mueller-Hinton broth, tested compounds, and microorganism
inoculum with the highest dilution concentration of40 mg/mL. The positive control was the broth with the tested
compound, while the negative control was an inoculum and the broth. The plate was incubated for 24 h at 37 °C.
The lowest concentration with a clear appearance of the mixture was considered the MIC.
Minimum Bactericidal Concentration (MBC): MBC is the lowest concentration with no microorganism growth
observed. The MBC was determined by plating and striking the 10 µL of MIC broth into the Mueller-Hinton agar.
Then, the agar was incubated for 24 h at 37 °C. The lowest concentration with no growth of microorganism was
determined as the MBC.
RESULTS AND DISCUSSION
Figure 1 shows the antibacterial screening of standard antibacterial and compound 1–6 against all the bacteria tested.
The antibacterial activity was reflected by the diameter of inhibition zone.
The antibacterial activity was categorised according to the antibacterial susceptibility [6].Ampicillin was used as the
standard antibiotic for all the bacteria. In this study, at concentration of 10 mg/ mL, the antibacterial activity was
divided into three categories of Ampicillin susceptibility which are resistant to Ampicillin with diameter of
inhibition zone ≤13 mm, medium resistance to Ampicillin with diameter of inhibition zone 14-16 mm and
susceptible to Ampicillin with diameter of inhibition zone ≥17 mm. Based on the results shown in Figure 1, at the
concentration of 2 mg/mL per disc, mostly all the compounds showeda low antibacterial activity on the bacteria
tested except for compound 2, which was a monosubtituted organotin compound. Therefore, trisubstituted organotin
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compounds were the most toxic, followed by disubtituted organotin compounds and lastly monosubtituted organotin
[22].

30

Inhibitory zones (mm)

25
20

E. raffinosus
S. aureus

15

Klebsiella sp.
A. baumanni

10

P. aeruginosa
5

E. aerogenes

0
C1

C2

C3

C4

C5

C6

Ampicilin

Compounds
Figure 1: The antibacterial screening of standard antibacterial of organotin(IV) methyl and ethylcyclohexyldithiocarbamate compound
1–6

Most of the compounds showed different antibacterial activities against the bacteria tested based on the different
diameters of inhibition zone and only compound 2 did not show an antibacterial activity at all. According to
Shahzadi et al. (2006) [21], the different antibacterial activities of the compounds against the bacteria tested depend
on the permeability of the cells. Compound 2, which is from the series of organotin(IV)
methylcyclohexylditiocarbamates that contain a butyl group, did not show any antibacterial activity. Awang et al.
(2011) [3]describe that the series of organotin(IV) methylcyclohexyldithiocarbamate also does not show any
antibacterial activities for the compound that has a butyl group even though there are two butyl groups attached to
the organotin(IV).
Only compound 1 showed an antibacterial activity on E. raffinosus, a Gram-positive bacteria. The resistance of the
pathogens to the test compounds can be attributed to the existence of cell wall on the Gram-positive bacteria. The
cellular structure reduces the permeability of the tested compounds, and the activity of the compounds against this
bacteria may be attributed to their high lipophilicity [8].
Compound 3 showed an antibacterial activity on S. aureus, P. aeruginosa, and E. aerogenes, and only this
compound showed a moderate activity on Klebsiella sp. with alarger inhibition zone, 15 mm, compared to other
compounds. The type and number of organic compounds attached to organotin(IV) influence the biological activities
of the organotin compounds towards bacteria and fungi[12]. Compound 3 has a phenyl group attached on the
organotin(IV), and according to Jamil et al. (2009) [10], the compound that has a phenyl group has a higher
antimicrobial activity on the fungi and bacteria compared to other alkyl groups attached to tin(IV).
Table 1, 2, and 3 show the MIC and MBC values for compound 1, 3, and 4 for certain bacteria that were selectively
chosen from the disc diffusion test.
Table 1: MIC and MBC values for compound 1 (methyltin(IV)methylcyclohexyldithiocarbamate)

Bacteria
E. aerogenes

Ampicillin
(mg/mL)
0.625

MIC
Compound 1
(mg/mL)
5
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Table 2: MIC and MBC values for compound 3 (phenyltin(IV) methylcyclohexyldithiocarbamate)
Bacteria

E. aerogene
S. aureus
Klebsiella sp.
P. aeruginosa

Ampicillin
(mg/mL)
0.625
0.312
2.5
0.16

MIC
Compound 3
(mg/mL)
5
2.5
2.5
2.5

MBC
Ampicillin Compound 3
(mg/mL)
(mg/mL)
1.25
40
1.25
25
2.5
20
5
10

Table 3: MIC and MBC values for compound 4 (methyltin(IV)ethylcyclohexyldithiocarbamate)
Bacteria

Klebsiella sp.

Ampicillin
(mg/mL)
2.5

MIC
Compound 4
(mg/mL)
2.5

MBC
Ampicillin Compound 4
(mg/mL)
(mg/mL)
5
>40

According to Ravoof et al. (2007) [18], microdilution test is conducted for the compounds with a diameter of
inhibition zone of >15 mm as these compounds are considered to be actively inhibiting the microorganism. But, for
this study, the compounds with an inhibition zone of 10 mm and above were chosen to proceed to the microdilution
test. This is according to Nath et al. (2008) [14], who state that for new compounds with a diameter of inhibition
zone of 7–13 mm are categorised to be moderately active in inhibiting the microorganism.
As shown in the tables above, all the compounds showed higher values of MIC and MBC compared to ampicillin.
This study showed same results with Awang et al. (2015) [4] as the organotin(IV) dithiocarbamate compounds
tested in their study showed higher MIC and MBC values against microorganism tested compared to the standard
drug.
Moreover, in the present study, compound 1 and 3 showed the highest MIC and MBC values on E. aerogenes,
which was 5 mg/mL. The high MIC value of certain bacterial strains shows their resistance towards the compound
because of the alterations of the outer membrane that causes a poring decrease and lipopolysaccharide modifications
[2].The high value of MIC and MBC also means that a high concentration of the compound is needed to inhibit or
kill the bacteria.
Compound 3 showed the same MIC and MBC values, which were2.5 mg/mL, against Klebsiella sp. This is because
of the phenyl group attached to the tin atom that causes the electron delocalisation in chelate ring system, which
subsequently increases the lipophilic level of the compounds and causes the compound to be absorbed easily by the
bacterial membrane [20].
This study also found that all the compounds can be categorised as bacteriostatic compounds as they showed higher
MBC values than MIC values. According to Scott (2005) [9], a compound with higher MBC value than MIC value
can be classified as a bacteriostatic compound. This compound only inhibits the bacteria but is not able to kill them.
On the other hand, a compound is classified as a bactericidal compound if the MBC and MIC values are same. This
means that the compound can kill the bacteria.
CONCLUSION
Based on the study conducted, most of the compounds were less active in inhibiting the growth of the bacteria. Only
compound 3, phenyltin(IV) metylcyclohexyldithiocarbamate was moderately active in inhibiting most of the
bacteria, with the largest diameter of inhibition zone against Klebsiella sp. of 15 mm. The MIC values of
phenyltin(IV) metylcyclohexyldithiocarbamate compounds weresame for most of the bacteria except for E.
aerogenes, and the highest MIC value was 5 mg/mL. But, this compound showed the same MIC value as ampicillin
on Klebsiella sp. which was 2.5 mg/mL. Nevertheless, all the compounds were categorised as bacteriostatic. In
conclusion, phenyltin(IV) metylcyclohexyldithiocarbamate is moderately active in inhibiting the bacteria and has the
potential to be an antibacterial agent with some rearrangement in its structure.
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