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The antimicrobial activity against food spoilage microorganisms of some new
symmetrical diquaternary salts of 1, 2-bis(4-pyridinium)-ethane obtained from the
reaction of 1,2-bis-(4-pyridil)-ethane with reactive halides, was comparatively
investigated. Some of these compounds were found to exhibit inhibitory and
antimicrobial activity against several bacteria, yeasts and fungus, in function of
structure and doses. The inhibitory effect against yeasts and moulds was very low,
comparatively with the antibacterial activity against both Gram-positive and
Gram-negative bacteria. Very interesting are the spectacular bactericide effects
(Diz>64mm) against Bacillus and Pseudomonas tested strains, of N,N’ —
diphenacyl - 1,2 — bis - (4 - pyridinium) ethane dibromide and N,N’-di (4,5 —
dibromo — 2 — hydroxyl -propiophenacyl) - 1,2 — bis - (4 - pyridinium) - ethane
dibromide.
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Introduction

The alarming increase of bacterial resistance to many antibacterial agents has
limited the use of commercial disinfectants and imposed the necessity of a
permanent identification of new compounds with microbiostatic and microbicide
effect.

Quaternary ammonium salts (QAC) are one of the most used classes of
disinfectants with a large applicability in hospital environments, water treatment,
textile, paint and food industries due to their relatively low toxicity to human and
animals and to their broad specificity of antimicrobial activity (Block, 2001).
Among them, pyridinium and bispyridinium quaternary salts represent an
important group of chemicals widely used as biocides (Chanawanno et al., 2010;
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Kourai. et al., 2006), drugs (Hu et al., 2009; Fujimoto ef al., 2006) and herbicides
(Summers, 1980; Ukai ef al., 1989) due to their strong antimicrobial effect even at
very small concentrations, on a broad range of gram-positive and gram-negative
bacteria (i.e.. Bacillus subtilis, Sarcina lutea, Streptococcus pneumoniae,
Staphylococcus aureus, Micrococcus luteus, Escherichia coli etc.) and on some
moulds species (Aspergillus niger, Aspergillus glaucus, Geotrichum candidum,
Fusarium graminearum etc.) and yeasts (Saccharomyces cerevisiae, Rhodoturula
glutinis etc.) (Perles et al., 2008; Ng et al., 2007; Zetterberg et al., 1970). In regard
to recent results on the low cytotoxic effect of some antimicrobial agents from bis-
quaternary pyridinium salts group on human cells (Nagamune et al., 2000) we may
expect that pyridinium and bispyridinium salts are potential agents recommended
for use in composition of hygiene products, in food industry (technological places,
equipments, surfaces), and in catering units, hospitals, etc.

Past studies include the development of nitrogen quaternary salts in particular
derived from 4,4’-bipyridil with antimicrobial properties (Dinica et al., 2008;
Furdui et al., 2007).

In order to find new and more efficient antimicrobial agents with possible
applicability in food industry disinfection processes, we have investigated the
antimicrobial potential of some new symmetrical diquaternary salts derived from 1,
2-bis-(4-pyridinium)-ethane against food spoilage microorganisms.

Materials and methods
Chemical compounds tested

The antimicrobial potential of ten new symmetrical diquaternary salts derived from

1,2-bis-(4-pyridinium)-ethane (1-10), obtained from the reaction of 1,2-bis-(4-

pyridil)-ethane with reactive halides (Furdui B. et al., 2011) was investigated. The

structures of investigated compounds are presented in Figure 1 and their names are:

1. NN’ -diphenacyl-1,2-bis-(4-pyridinium)ethane dibromide

2. N,N’-di(p-bromophenacyl)- 1,2-bis-(4-pyridinium)ethane dibromide

3. N,N’-di(m-metoxyphenacyl)- 1,2-bis-(4-pyridinium)ethane dibromide

4. N,N’-di(p-nitrophenacyl)-1,2-bis-(4-pyridinium)ethane dibromide

5. N,N’-di(3,4-dihydroxyphenacyl)-1,2-bis-(4-pyridinium)ethane dichloride

6.N,N’-di(5-bromo-2-hydroxy-propiophenacyl)-1,2-bis-(4-pyridinium)ethane
dibromide

7.N,N’-di(4,5-dibromo-2-hydroxy-propiophenacyl)-1,2-bis-(4-pyridinium) ethane
dibromide

8. N,N’-di(carbomethoxy-methyl)-1,2-bis-(4-pyridinium)ethane dibromide

9. N,N’-di(carboethoxy-methyl)- 1,2-bis-(4-pyridinium)ethane dibromide

10. N,N’- di(4 -nitrofuran)-1,2-bis-(4-pyridinium)ethane dibromide
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Strains and media

The evaluation of the inhibitory potential of the investigated compounds was made
on ten microorganism strains:

e bacteria: Gram-positive bacteria (Bacillus subtilis ATCC 19659, Bacillus
cereus ATCC 10876 and Sarcina lutea), Gram-negative bacterium (Pseudomonas
Sfluorescens ATCC 13525);

e yeasts (Rhodotorula glutinis, Candida mycoderma and Saccharomyces
cerevisiae);

e moulds (Aspergillus niger, Geotrichum candidum and Fusarium
graminearum).

The ATCC bacterial strains were purchased from the American Type Culture
Collection. All wild bacterial and fungal strains were isolated from food spoilage
microbiota.

The cultures of test microorganisms were maintained in medium agar slants at 4°C
and used as stock cultures. Bacterial strains were grown at 37°C in PCA medium
(casein peptone 5.0 g/, yeast extract 2.5 g/, dextrose 1.0 g/l, agar 15.0 g/I, pH 7.2)
and the final concentration used for antimicrobial activity was 106 CFU/ml. Yeasts
were grown at X°C in MEA medium (maltose 12.75 g/l, peptone 0.78 g/1, dextrin
2.75 g/1, agar 15.00 g/1, glycerol 2.35 g/I, pH 4.7) and the final concentration of 10°
CFU/mL was obtained by viable counts serial dilutions. Spore suspension was
obtained from the stock culture in a final concentration of 10°-10° spores/ml).
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Figure 1. Structure of tested diquaternary salts

Antimicrobial activity assay

In this study, two methods were used to determine the antimicrobial activity, as
following:
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a. Agar diffusion test

The qualitative evaluation of the inhibitory potential of the investigated compounds
was tested by the agar diffusion test. The diffusion method involves inoculation of
high cells concentrations of the test microorganisms on specific agar culture
medium, at 42°C, in sterile Petri's plates. After homogenization and solidification
of the medium, on the surface plate, sterile filter paper discs (®= 19 mm) were
placed, coated (equal time, 10 minutes) with aqueous solutions (5 mg/mL) of the
tested chemicals. The blank was a disc soaked in distilled water. The plates were
incubated at optimal conditions for test culture growth (at 37°C, 48 hour for
bacteria, and at 25°C, for 3-5 days, for yeasts and moulds). The evaluation of
microbiostatic or microbicide effects of the studied chemical compounds was made
by measuring at every 24 hours, the inhibition zone diameter (Djz, mm) and by
checking some morphological characteristics of colonies, i.e. pigmentation,
sporulation intensity.

A product is considered active if the difference between the inhibition zones of this
product and that of the blank is at least of 2 mm.

Considering the diameter of the tests paper discs (19 mm), the following
classification of the chemical compounds activity was proposed, depending on the
dimensions of the inhibition zones:

- with low inhibitory effect, D;,< 20 mm,;

- with medium inhibitory effect, D;,= 20-50 mm;

- with strong inhibitory effect, D;,> 50 mm.

b.  Minimum inhibitory concentration

The quantitative effect of the substances with the higher inhibitory potential of
cells growth was determined in vitro, by bacterial cultivation in stationary
conditions, in liquid nutrient broth medium, on the basis of the minimum inhibitory
concentration (MIC) values. The most sensible microorganisms were used for
quantitative evaluation. Serial dilutions (5, 2.5, 1, 0.5 and 0.25 mg chemical
compound /ml medium) were prepared from stock solutions (5 mg/ml); 0.5 ml of
each standardized bacterial suspension was added to an equal volume of each
chemical compound dilution (excluding the sterility control). After incubation for
24 h £ 1 h at 37°C, the turbidity of the cultures associated with the veil or derma
formation at the medium’s surface was visually assessed. The microorganism’s
growth was monitored by optical density determination (ODgg). The tests were
performed simultaneously on negative controls (only medium), growth controls
(medium + test microorganism) and sterility controls (medium + chemical
compounds). The lowest concentration of antimicrobial agent, that inhibits the
development of visible growth after 24 h of incubation at 37°C, was taken as the
minimum inhibitory concentration.

All the experiments were performed in triplicate.
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Table 1. The qualitative antibacterial and antifungal effect of ten diquaternary salts derived from 1,2-bis(4-pyridil)-ethane (Sorces: 1 - American
Type Culture Collection; 2 - Food Spoilage Microbiota

Microorganisms | Source Tested compounds/Dyz, mm
& H,0 1 2 3 4 5 6 7 8 9 10

. . 24.33 33.66 | 34.66 | 22.33 25.33 34.66
Bacillus subtilis 1 0 10.57 0 2057 | +152 | xo0s7 | 8 | 30+ 0 1057 | +1.52

. . 25.66 | 3133 3033 | 41.33 64.66 4533
Bacillus cereus ! 0 0 4057 | +1.15 0 +0.57 | +0.57 | +0.57 0 0 +0.57

. 34.66 29.33 31.66+0 25.66
Sarcina lutea 2 0 0 10.57 0 0 10.57 0 0 57 0 10.57
Pseudomonas 1 0 69.66 27.33 0 0 0 38.66 69.66 0 0 25.33
fluorescens +0.57 +0.57 +0.57 +1.52 +0.57
Rhodotorula 24.66
elutinis 2 0 0 0 T047 0 0 0 0 0 0 0
Candida 2 0 0 0 0 0 0 0 0 0 0 0
mycoderma
Saccharomyces 2 0 0 0 0 0 0 0 0 0 0 0
cerevisiae
Aspergillus 2 0 0 0 0 0 0 0 0 0 0 0
niger
Geotrichum 20.66
candidum 2 0 +0.57 0 0 0 0 0 0 0 0 0
Fusarium 2 0 0 0 0 0 0 0 0 0 0 0
grammearum
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Results and discussions

The results obtained through the diffusion method, after 24 h of cultivation, are
presented in Table 1.

The antimicrobial activity results showed that these new bis-pyridinium derivates
exhibited interesting antibacterial activities; all compounds being active against at
least one of the tested strains, with medium or strong inhibitory effect. The
compounds 1 and 3 present the largest antimicrobial inhibition spectrum.

The tested compounds are more effective against bacteria than against yeasts or
moulds. They proved to be active both on Gram-positive and Gram-negative
bacteria, very interesting being the spectacular bactericide effect against Bacillus
and Pseudomonas tested strains, of some compounds (1 and 7). The compound 10
is the only compound with a medium inhibitory effect against all tested bacteria
strains.

The inhibitory effect on the yeasts and moulds is very low, the salt 3 being the only
compound that partially inhibits the growth of Rhodotorula glutinis (Figure 2),
while the salt 1 is the only one that inhibit one mould strain Geotrichum candidum.
All the tested compounds are completely inactive against Candida mycoderma,
Saccharomyces cerevisiae, Aspergillus niger and Fusarium graminearum strains.

[

Figure 2. Antimicrobial effect of some bis-pyridinium derivatives, after 48 h of cultivation
on solid agar media; a) compound coded 3 against Bacillus subtilis; b) compound coded 7
against Bacillus cereus; ¢) compound coded 3 against Rhodotorula glutinis

Regarding the results obtained by diffusion method, the quantitative evaluation
tests were performed only on the bacterial strains and using the most active
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compounds for each individual strain. The cultures’ growth was evaluated for the
bacterial strains by the increasing of the turbidity associated with a veil formation
at the culture surface for the Bacillus and Pseudomonas strains and respectively
with a sediment formation for Sarcina Ilutea. The turbidity was
spectrophotometrically evaluated by measuring the optical density of the cultures
comparatively with a sterility sample (medium+chemical compound).

The obtained results show that the highest activity of the tested diquaternary salts is
against Bacillus subtilis strain. Its growth is completely inhibited by the
diquaternary salts coded 3 and 4, at all the tested doses, while the other tested salts
are less active, with MIC of 0.5 mg/ml (salt 10) or 1 mg/ml (salts 6 and 7). Against
the other bacterial strain, the activity of the tested compounds is lower
(MIC>2.5mg/ml) (Table 2).

Table 2. MIC values for of some 1,2-bis(4-pyridinium)-ethane diquaternary salts

Bacterial strains

Microorganisms Tested compound MIC, mg/ml
3 0.25
4 0.25
Bacillus subtilis 6 1.00
7 1.00
10 0.50
3 5.00
5 5.00
Bacillus cereus 6 2.50
7 2.50
10 5.00
1 2.50
Pseudomonas fluorescens 6 2.50
7 2.50
. 2 2.50
Sarcina lutea ] 250

* MIC — the lowest concentration of compound at which the microorganism tested does not show visible growth

Conclusions

The present study shows that the newly synthesized symmetrical diquaternary salts
of 1,2-bis-(4-pyridinium)-ethane present interest as antimicrobial agents in order to
produce desifectants or detergents. The inhibitory effect against yeasts and moulds
is very low, comparatively with the antibacterial activity against both Gram-
positive and Gram-negative bacteria.

Regarding the relations structure-activity, we can observe that the antimicrobial
activity is quasi-general and not at all influenced by the nature of the R substitutes.
The substitute’s nature and the position in the phenyl ring do not have a decisive
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influence on the biological activity, influencing mostly the selectivity. The
biological activity of the tested compounds could be explained by their ionic
structure, being influenced by their water solubility too. The difference between the
observed antimicrobial activities is probably due to their molecular hydrophobicity,
absorbability, and the electron density of the ammonium nitrogen atom.
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