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Abstract

The purpose of paper was to study the antibacterial activity of 2-methyl-1-hydroxymethylimidazole, the hemiaminal of 2-
methylimidazole (HIM) by using macrodilution broth method and time-kill assay. Average inhibitory activity of HIM was
moderate and its ability to kill bacteria was variable, and displayed a concentration-dependent pattern. Most evident
inhibitory activity of HIM was found for the two Staphylococcus strains which were killed in less than 2 h of exposure at 16
MIC while the response of Gram-negative strains was more variable as time-kill dynamics, depending on the bacterial species.
Interaction of HIM with some surface active agents has been also evaluated and it was found that synergistic or antagonic
effects were very limited between HIM, on the one hand, and SDS and polysorbate 80 (Tween 80), on the other.

Rezumat

Obiectivul lucrarii a fost acela de a studia activitatea antibacteriana a 2-metil-1-hidroximetilimidazolului, hemiaminalul
compusului 2-metilimidazol (HIM), prin metoda macrodilutiei in bulion si testul mortalitatii in raport cu timpul de expunere.
Activitatea inhibitorie medie a HIM a fost moderata, iar capacitatea sa de a distruge bacteriile a variat, manifestand un model
de activitate dependent de timpul de expunere. Activitatea inhibitoare cea mai evidentd a fost observatd in cazul a doud
tulpini de Staphylococcus aureus ce au fost distruse in mai putin de 2 h de expunere la o concentratie echivalenta cu 16x CMI
(concentratia minima inhibitorie), in timp ce raspunsul tulpinilor Gram-negative a variat intre limite largi sub aspectul
mortalitatii in timp, in functie de specia bacteriand respectiva. A fost, de asemenea, evaluata interactiunea HIM cu o serie de
surfactanti si s-a observat ca efectele sinergice sau antagonice sunt foarte limitate intre HIM, pe de o parte, si dodecil sulfat
de sodiu (SDS) si polisorbat (Tween 80), pe de alta.
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Introduction have stated before [17-19], the formation of aminal

Imidazole has been studied and still is intensely studied requires the removal of water from the system.

due to its wide range of bioactive properties useful to

; ; : CHz  HsC H
alleviate a variety of diseases. It has been shown that a /< : * b N
.. . .. . N= <N /
imidazole has anticancer, anti-inflammatory and anti- L N-CH N »\
microbial potential [28, 34, 35]. Due to the increase H N CHs
in antibiotic-resistant pathogens, imidazole and its _CH,
derivatives have proved to be a valuable tool to control Figure 1 HO

the growth of a wide range of bacteria [12, 16, 22].
In the two previous papers we have dealt with anti-
bacterial z_ict_ivity of some pyrazole, imidazole [17] and methanediylbis(2-methyl-1H-imidazole), AIM
2-methylimidazole derivatives [3]. It has been found (b) = Hemiaminal of 2-methylimidazole/1-
that 1,1’-methanediylbis(2-methyl-1H-imidazole) AIM hydroxymethyl-2-methylimidazole, HIM
(Figure 1a), the aminal of 2-methylimidazole, has

promising antibacterial activity [3, 17, 18]. As we

Chemical structures of AIM (a) and HIM (b)
(@) = Aminal of 2-methylimidazole/1,1°-
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The synthesis of tested hemiaminal of 2-methyl-
imidazole was carried out by the microwave-assisted
technique as it was previously reported [19]. The solid
product was purified by column chromatography (silica
gel) using tetrahydrofurane and petroleum ether (1:2)
as eluent (order of elution: 2-methylimidazole and
after 1,1’-methanediylbis(2-methyl-1H-imidazole)
followed by sublimation. The molecular structure
of 1,1’-methanediylbis(2-methyl-1H-imidazole) was
confirmed by absorption spectra (FT-IR, *H-NMR) and
mass spectra (MS) while the purity was established by
HPLC-DAD. During experiments a series of conditions
might favour in aqueous solutions (such as broth) a
reversible reaction which generate hemiaminal from
its respective aminal [19]. Taking into account this

possible transformation, the paper investigates the ability
of HIM, hemiaminal of 2-methylimidazole (Figure
1b) [19] to inhibit the growth of 22 bacterial strains.
The activity is analysed by determining MIC and
minimal bactericidal concentration (MBC) as well as
by time-kill assay.

Materials and Methods

Bacterial strains. Inhibitory activity of HIM was
evaluated using 22 bacterial strains, most of them
clinical strains collected from several laboratories in
Constanta, Romania. Reference strains were purchased
from BioMerieux (Table I).

Table |
Tested bacterial strains against HIM

Cr. No. Strain Observations
1 Escherichia coli ATCC 25 922 Reference strain
2 E. coli U1 Isolated from urinary tract infection (UTI)
3 E. coli U2 Isolated UTI
4 E. coli U3 Isolated UTI
5 E. coli U4 Isolated UTI
6 E. coli U5 Isolated UTI
7 E. coli U6 Isolated UTI
8 Klebsiella sp. Ul Isolated UTI
9 Klebsiella sp. U2 Isolated UTI
10 Klebsiella sp. U3 Isolated UTI
11 Proteus sp. Ul Isolated UTI
12 Proteus sp. U2 Isolated UTI
13 Proteus sp. U3 Isolated UTI
14 Pseudomonas aeruginosa O1 Isolated from otitis
15 Pseudomonas aeruginosa O2 Isolated from otitis
16 Staphylococcus aureus ATCC 25 923  Reference strain
17 Staph. aureus 1 Isolated from skin infection (SI)
18 Staph. aureus 2 Isolated from nasal exudate (NE)
19 Staph. aureus 3 Isolated SI
20 Staph. aureus 4 Isolated from NE
21 Staph. aureus 5 Isolated SI
22 Staph. aureus 6 Isolated from NE

Table 11
Antibiotics used to test susceptibility of bacterial strains
Cr. no. Antibiotic Concentration ~ Symbol

1 amikacin 30 mcg AK
2 ampicillin 10 mcg AM
3 aztreonam 30 mcg ATM
4 cefazolin 30 mcg Ccz

5 cefotaxime 30 meg CTX
6 cefoxitin 30 meg FOX
7 cefpodoxime 10 mcg CPD
8 ceftazidime 30 mcg CAZ
9 ceftriaxone 30 meg CRO
10 ciprofloxacin 5 mcg CIP
11 clindamycin 2 mcg DA
12 erythromycin 15 meg E

13 gentamicin 10 mcg CN
14 imipenem 10 mcg IPM
15 linezolid 30 mcg LNz
16 methicillin 5 mcg ME
17 oxacillin 1 OX
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Cr. no. Antibiotic Concentration  Symbol
18 penicillin g 10 U P
19 piperacillin 30 mcg PRL
20 piperacillin/tazobactam 110 mcg TPZ
21 tetracycline 25 mcg TE
22 tobramycin 10 mcg TOB
23 trimethoprim/sulfamethoxazole 25 mcg SXT
24 vancomycin 30 mcg VA

Antibiotic susceptibility testing

Susceptibility of bacterial strains was performed against
24 antibiotics (Bioanalyse) (Table I1) by using standard
procedures [20, 21, 23]. Bacterial strains were grown
overnight in Mueller-Hinton Broth (MHB-Oxoid)
(composition (g/L): casein hydrolysate, 17.5; beef
infusion, 2.0; starch, 1.5; pH = 7.3), then diluted to
5 x 10° - 1 x 10° UFC/mL and inoculated onto Mueller-
Hinton Agar (MHA-Oxoid) (composition (g/L): agar-
agar, 17.0; beef infusion, 2.0; starch, 1.5; casein
hydrolysate, 17.5; pH = 7.3). Incubation of MHA
plates was done for 48 h at 37°C and susceptibility
degree was assessed as described by Ortiz JH et al.,
[23]. In case of the Staphylococcus strains, several
colonies grown overnight on Trypticase Soy Agar
(TSA-BBL) (composition (g/L): pancreatic digest of
casein, 15.0; papaic digest of soybean, 5.0; sodium
chloride, 5.0; agar, 15.0; pH = 7.3) were suspended
in sterile saline solution to give cellular suspensions
equal to 0.5 McFarland standard. The other strains (e.g.
E coli, Pseudomonas) were subcultured for 4 - 6 h
to reach the log phase of growth. After their density
was adjusted to 0.5 McFarland, suspensions were
inoculated on MHA. Plates were incubated for 18 h at
37°C and susceptibility was assessed as described
by Ortiz JH et al., [23].

MIC and MBC evaluation

In order to assess the MIC (minimum inhibitory
concentration) it has been used macrodilution broth
method [24, 29]. HIM was diluted in Trypticase Soy
Broth (TSB-BBL) (composition (g/L): papaic digest
of soybean, 3.0; pancreatic digest of casein, 17.0;
sodium chloride, 2.5; dipotassium phosphate, 2.5;
dextrose, 2.5; pH = 7.3) at concentration ranging from
90 to 900 mcg/mL. To reach mid-log phase overnight
culture was suspended in TSB and further incubated
for 4 h at 37°C. An aliquote of culture (10 uL) was
inoculated in tubes containing TSB and HIM and
incubated for 48 h at 37°C. After visual examination,
MIC was considered the highest concentration of HIM
without growth. To determine MBC, tubes were vigorously
shaken and 100 pL of suspensions was sampled and
plated out onto TSA. Incubation was done at 37°C for
48 - 72 h. The lowest concentration of HIM able to
kill over 99% of the initial bacterial populations was
recorded as MBC [20].
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Time-kill assay

Time-Kkill assay was carried out according to NCCLS
procedure and has been described earlier [3]. Briefly,
mid-log phase cultures were suspended in 25 mL
sterile TSB to reach final concentration between 5
and 6 x 10° - 1 x 10° UFC/mL. HIM was added to give
a concentration equivalent to 1, 2, 4, 8 and 16 MIC.
Flasks have been agitated on rotatory shaker (GFL
Shaking incubator 3033, Germany) and kept at 37°C
for a variable period of time (up to 8 h). At different
time interval (1, 2, 3, 4, 6 and 8 h) 100 uL of culture
were diluted in TSB and plated out onto TSA in
triplicate. Inoculated plates were incubated for 24 h
at 37°C and viable colonies were counted.
Interaction of HIM with surfactants

Potential interaction between HIM, sodium dodecyl
sulphate (SDS) and polysorbate (Tween 80) has been
investigated in a similar manner to kill-time method
described as above. Each bacterial strain was inoculated
in 100 mL Erlenmeyer flasks containing 50 mL TSB
to give a final concentration equal to 5 x 10° - 1 x 10°
UFC/mL. Except control, one group of flasks received
HIM, SDS and Tween 80 alone (500 mcg/mL) while
the second group consisted of combination of HIM,
SDS and Tween 80 as follows: HIM + SDS (500 + 500
mcg/mL), HIM + Tween 80 (500 + 500 mcg/mL) and
HIM + SDS + Tween 80 (500 + 500 + 500 mcg/mL).
Every hour, 100 pL of broth of all variants were
sampled, diluted in TSB and plated out on TSA. After
24 h of incubation at 37°C, viable colonies were
counted and results were plotted versus time.

Results and Discussion

Diffusimetric test assay

Diffusimetric tests revealed a certain degree of resistance
to antibiotics of E. coli isolates, against AM (E. coli
U2, E coli U3, E coli U4), PRL (E coli 2 and E coli 4)
and SXT (E. coli 3). Clinical isolates of Klebsiella
manifested a higher degree of resistance in comparison
with former species (E. coli). They were resistance
against CZ, FOX (Klebsiella U2) and CPD (Klebsiella
U3). At the same time, all isolates were resistant to
CIP. Unlike these, Proteus was characterized by
resistance only to AM (Table I11).
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Table 111
Sensitivity of tested bacterial strains against antibiotics (mm zone of inhibition)
Strain/  E.coli Ecoli E.coli Ecoli Ecoli Ecoli Ecoli Klebsiella Klebsiella Klebsiella Proteus Proteus

antibiotic ATCC 1 2 3 4 5 6 sp. 1 sp. 2 sp. 3 sp. Ul sp. U2
AK 18 16 25 21 17 18 19 20 19 15 15 20
AM 7 16 0 0 0 20 16 0 0 0 0 21
ATM 26 30 22 28 26 30 28 27 28 5 25 30
Ccz 17 19 15 15 11 30 20 0 6 0 18 20
CTX 26 29 25 27 24 26 28 22 27 0 30 28
FOX 22 22 15 24 26 26 19 21 7 20 22 20
CPD 17 18 25 19 20 25 21 19 18 0 25 25
CAZ 21 22 17 22 22 24 23 20 20 0 25 30
CRO 24 25 23 25 24 32 28 25 24 0 25 30
CIP 30 21 30 7 27 32 30 0 0 0 30 30
DA 0 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0 0
CN 16 16 14 17 15 20 16 0 8 0 15 18
IPM 21 23 17 21 25 19 23 21 23 20 19 18
PRL 18 20 6 6 0 20 21 0 0 0 20 21
TPZ 22 22 25 22 20 23 21 8 20 16 25 25
TE 17 17 15 12 15 0 17 16 16 0 0 0
TOB 16 14 12 13 13 14 16 0 0 0 15 15
SXT 24 23 18 0 25 25 25 9 20 0 0 20
mean 18.00 18.57 16.00 14.68 16.31 20.21 19.52 10.94 12.42 4.00 16.26 19.52
std. dev 807 780 913 983 9.82 1020 814 10.55 10.47 7.46 10.91 9.84
Std.error 185 179 209 225 225 234 186 2.42 2.40 1.71 2.50 2.25
Table IV

Sensitivity of tested bacterial strains against antibiotics (mm zone of inhibition)
Strain/ Ps. aeruginosa Ps. aeruginosa Staph.aureus Staph. Staph. Staph. Staph. Staph. Staph. Staph.

antibiotic 01 02 ATCC  aureus 1 aureus 2 aureus 3 aureus 4 aureus 5 aureus 6 aureus 7
AK 20 18 15 17 20 15 16 18 16 9
AM 0 0 30 14 10 0 6 6 10 0
ATM 21 24 0 0 0 0 0 0 0 0
Cz 0 0 30 25 26 0 25 25 26 0
CTX 7 18 27 28 28 10 28 28 21 0
FOX 0 0 27 28 28 11 28 26 28 0
CPD 0 0 20 12 16 7 24 24 18 0
CAZ 24 23 17 12 0 6 16 15 0
CRO 0 0 25 28 27 10 28 27 25 0
CIP 34 32 22 28 25 22 27 28 23
DA 0 0 20 25 25 21 22 22 24 18

E 0 0 17 18 0 0 12 0 0
CN 13 15 16 24 20 18 17 22 16 16
IPM 19 19 30 30 18 30 30 29 0
LNZ nt nt 20 24 25 28 25 25 22 25
ME nt nt 20 10 10 0 7 7 12 0
OX nt nt 21 15 0 19 19 17 0

P nt nt 35 15 13 7 7 8 14 0
PRL 18 21 30 15 10 7 7 12 10
TPZ 23 22 30 18 18 16 20 20 18 0
TE 0 0 25 17 10 5 24 12 9
TOB 18 18 nt nt nt nt nt nt nt nt
SXT 0 0 15 27 25 23 26 26 27 22
VA nt nt 15 18 20 15 14 17 16 15
Mean 34.10 31.05 22.21 19.23  19.26 9.47 16.68 18.36 17.52 5.31
std. dev. 48.24 40.54 7.88 8.66 8.16 9.23 10.22 9.08 8.52 8.74
Std. error 11.06 9.30 1.80 2.40 1.87 211 2.34 2.08 1.95 2.00
A particular situation was found in case of Pseudomonas species level the clinical isolates presented a diverse
aeruginosa when we recorded a highly resistance and variable response as antibiotic susceptibility pattern.
against ten antibiotics (Table IV). Overall, beyond Clinical isolates of Staphylococcus aureus were variable

302



FARMACIA, 2021, Vol. 69, 2

in their susceptibility to antibiotics, one of these
(Staphylococcus aureus 7) exhibiting multiple resistance
against AM, CZ, CTX, FOX, CPD, CAZ, CRO, E, IPM,
OX and TPZ. As regard methicillin, all Staphylococcus
isolates were resistant or exhibited an intermediate
level of sensitivity (Table IV).

Time-kill assay

The ability of HIM to destroy E. coli was different,
depending on the type of strain - reference or clinical
isolates. HIM was able to kill in 4 h at 16 MIC the whole
cell population of E. coli ATCC 25 922 (Figure 2).
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Figure 2.

Time-kill dynamics in E. coli ATCC 25 922
exposed to HIM

Staphylococcus strain had more or less a similar
trend, their populations being killed in 2 h at 16 MIC,
but lower concentrations needed a longer time of
exposure (Figure 3).

12 4
10 A
T s 4 Control
~
E o> 1 MIC
O 6
S X- 2 MIC
-1 4
k) oA 4MIC
2 - ©- 8MIC
0 o 16 MIC
0 2 4 6 8
hours
Figure 3.

Time-kill dynamics in Staphylococcus aureus
ATCC 25923 exposed to HIM

On short-term experiments (4 h) at 500 pg/mL, most
sensitive to HIM were Pseudomonas and E. coli while
Klebsiella and Proteus were more resistant and relatively
more difficult to kill (Figure 4).

3 - eeedxeee Klebsiella U3

71 @  ceaaa Pseudomonas 02

[<)]
1

Proteus U3

«+X+++ Escherichiacoli
ATCC

log 10 CFU/mlI
(9]

IS
L

«+++@ -+ Staphylococcus
ATCC

w
1

«++efe+++ Staphylococcus 2
1

hours
Figure 4.
Short-term effect (4 h) of defined concentration
(500 pg/mL) on different Gram-positive and Gram-
negative bacteria

Presented data support the idea of concentration-
dependent pattern of HIM for most strains. The efficiency
of such drugs increases with the increase of concentration
[2, 6] and the pattern is characteristic to other such
as aminoglycosides [2, 6].

Interaction of HIM with surfactants

There are reports supporting the idea that surface active
agents might increase the susceptibility of some bacteria
to antimicrobial agents [13]. Increased sensitivity to
antimicrobials of certain bacterial strains after treatment
with ionic and non-ionic compounds relies on the
changes in cell membrane permeability and outer
envelope hydrophobicity [25, 27]. Therefore, we sought
it would be useful to investigate the potential interaction
between HIM, SDS and Tween 80 by using time-Kkill
method.

Tween 80 alone had apparently a stimulatory effect
on almost strains as regard the cell multiplication and
increased growth slightly above de control value
(Figures 5, 6 and 7).
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Figure 5.
Time-kill dynamics of E coli ATCC 25 922 at
different combinations of HIM, Tween 80 and SDS
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Time-kill dynamics of Staphylococcus aureus
ATCC 25 922 at different combinations of HIM,
Tween 80 and SDS
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Time-kill dynamics of S. aureus 6 at different
combinations of HIM, Tween 80 and SDS
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Figure 8.
Time-kill dynamics of Klebsiella U3 at different
combinations of HIM, Tween 80 and SDS

SDS inhibited the growth in various degrees, depending
on the bacterial species. Its effect was almost negligible
on E. coli and Klebsiella (Figures 5 and 8), but the two
strains of Staphylococcus presented a significant
decrease of growth (Figures 6 and 7). On the other
hand, association of HIM with SDS was a little more
active in case of E coli when it was recorded the
enhancement of killing rate from 4.24 logy, to 3.17
logye. Instead, in case of Klebsiella combination of
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HIM + Tween 80 + SDS had a minor effect on the
growth (Figure 8).

Combination of HIM and SDS increased the efficiency
of time-kill rate in Staphylococcus aureus ATCC
25 923 from 5.4 log;o to 4.1 logye in 4 h (Figure 6).
Association of the two compounds (HIM and SDS)
with Tween 80 decreased the rate of time-kill suggesting
a protective role of Tween 80 most probably by
optimizing the molecules exchange in bacterial cells.
The same situation was observed in clinical strain of
Staphylococcus aureus 6 when Tween 80 restricted
to some extent the activity of HIM + SDS (Figure 7).
In general, the increased killing rate of SDS + HIM
combination is modest and lower than the sum of
the two compounds, therefore insignificant to support
the idea of synergistic effect between SDS and HIM.
Tween 80 is a non-ionic surface active agent that
may alter normal surface functioning of bacterial cell
due to changes in membrane permeability and outer
envelope hydrophobicity [1, 26, 27]. Changes of cell
surface and increased membrane permeability might
explain the enhanced effect of antimicrobials after
treatment with surfactants [29]. In mycobacteria, Tween
80 altered colonial morphology and stimulate the in
vitro growth [31, 32] effect which was observed also
by us. In other situations, Tween 80 could inhibit bio-
film formation on inorganic surfaces [30] and could
increase the bactericidal activity of metronidazole
and clarithromycin against Helicobacter pylori [9].
These reports showed that effect of Tween varied
largely depending on bacterial species and their
physiological properties (e.g. attached or planktonic
cells). As regard SDS, it was observed a significant
reduction of total viable counts of Listeria monocytogenes
in the presence of benzalkonium chloride after initial
exposure to SDS [33]. However, no significant changes
in susceptibility were recorded in case of E. coli
supporting our observations. Other reports showed
that the cidal effect of detergent-like compounds was
organism-dependent [10] and notably whether they
Gram-positive or Gram-negative [33-37].

The rise in antibiotic resistance of bacteria has become
a worldwide problem, especially during two last decades.
Rapid increase of resistance frequency has been
documented in beta-lactam class of antibiotics [6-
8], quinolones [26], carbapenem [5], nalidixic acid,
cotrimoxazole [11] colistin and polymyxines [4, 15].
Therefore, the need for new compounds active against
especially Gram-negative bacteria is obvious as well
as new combinations and strategies [17]. According to
Wright and Brown [33] there are several strategies to
overcome the dramatic increase in antibiotic resistance
of bacteria. One useful strategy might be the use of
compounds acting as antibiotic adjuvants [14]. In this
sense, investigation of potential interaction between
HIM and other antimicrobials might result in finding
valuable combinations, especially for topical applications.
Average killing activity of HIM is approximately 1.5
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higher than that found for AIM [3] and makes it a
better candidate for further studies.

Conclusions

Time-kill dynamics showed in most cases significant
inhibitory potential of HIM that manifested close
similarities to concentration-dependent pattern of
activity. A moderate potentiating effect was observed
when HIM was used in combination with SDS. The
presence of Tween 80 in this combination limited and
neutralized in part the antibacterial activity of HIM
and SDS. After the study of toxicity potential against
mammalian cells, HIM might be useful to potentiate
other selected topical antimicrobials, especially in
disinfectant or preservative combinations.
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