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Methylglyoxal (MG), a phytochemical present in some
New Zealand honeys, was found to possess bactericidal
activity against S. aureus and a methicillin-resistant strain of
S. epidermidis. The MIC and MBC values were 1.05 and
2.11mM, respectively. Inclusion of MG in a hydrogel resulted
in an active and stable preparation suitable for treating wound or
burn infections.

The origin of the unusually high antimicrobial activity of
Manuka honey, the honey derived from the native New Zealand
manuka tree (Leptospermum scoparium), has been the subject of
intense research over the last few decades.1 Recently, strong
evidence has been provided that methylglyoxal (MG), a
phytochemical found in the nectar of manuka flowers, could
be the main responsible for its antimicrobial properties.2

Prompted by these results and considering the well-documented
efficacy of Manuka honey in wound healing,3 we decided to
investigate the antibacterial potency of MG, in liquid and gel
formulations, against the pathogens most frequently associated
with wound infections. As a first step to this end, we focused our
attention on the two major opportunistic pathogens of the genus
Staphylococcus: S. aureus and S. epidermidis, because of their
increasing prevalence in nosocomial and community-acquired
infections.4 Treatment of these infections is often difficult due
to the emergence of resistance to most first-line antimicrobial
agents, such as penicillins, tetracycline, chloramphenicol, and
macrolides.

S. aureus strain ATCC 25923 was obtained from KairoSafe
(Duino Aurisina, Italy), while S. epidermidis was isolated at
the Department of Cardiac Surgery (“Tor Vergata” University,
Rome, Italy) from the wound site of a patient who developed
infection after heart surgery. MG, MuellerHinton Agar 2 and
MuellerHinton Broth were from Sigma-Aldrich (Milano, Italy).
All other chemicals were of analytical grade and used without
further purification.

The MG hydrogel formulation (at 0.5% w/w of the active
substance) was prepared by conventional pharmaceutical tech-
niques5 using Carbopolµ 940 as the gelling agent and the
appropriate excipients.

MG susceptibility tests were performed by the agar-well
diffusion methods. Briefly, bacterial strains from an exponential-
phase culture, obtained from a single colony, were spread on the
surface of agar plates using a sterile swab soaked in the bacterial
suspension. 9-mm wells were then cut in the agar and filled with
150¯L of an aqueous solution at the appropriate MG concen-
tration. After overnight incubation at 37 °C, the plates were
examined and the diameters of the inhibition zones were
measured. MIC and MBC values were determined in Mueller
Hinton Broth using a twofold serial dilution technique. Bacterial
strains from an exponential-phase culture were grown overnight

at 37 °C, using an inoculum of approximately 1.5 © 106

CFUmL¹1 and different concentrations of MG. Subcultures
were then streaked on MuellerHinton Agar plates, which were
incubated at 37 °C for 18 h. After this time, the number of
colonies formed on each plate was counted. The MIC was defined
as the lowest concentration of MG giving complete inhibition of
bacterial growth, and the MBC as the lowest concentration killing
99.9% of the original inoculum. All experiments were done at
least in triplicate and the results were averaged.

To assess the long-term stability of the antimicrobial gel
formulation, thermally accelerated aging experiments were also
made. In these runs the MG-containing hydrogel was subjected
to heating between 40 and 100 °C for up to 144 h. After
treatment, the gel was cooled to room temperature and the
antimicrobial activity was determined as described above.

Preliminary testing of bacterial susceptibility to common
antibiotics indicated that the strain isolated from patient’s wound
was a methicillin-resistant S. epidermidis (MRSE). This is not
surprising if one considers that about 80% of S. epidermidis from
nosocomial infections are resistant to methicillin.6

Typical zones of inhibition produced by MG (in liquid
or gel formulations) against MRSE are shown in Figure 1.
Agar-well diffusion tests gave the results presented in Figure 2.
As evident, both species were highly sensitivity to MG and
exhibited a dose-dependent response.

Susceptibilities to MG were very similar for the two
pathogens, with average inhibition zone diameters ranging from
18 to 40mm as MG concentration was increased from 1.25 to
15mgmL¹1. Such similarity was also confirmed by the identical
MIC and MBC values, which were 1.05 and 2.11mM,
respectively.

MG is a highly reactive ¡-ketoaldehyde which is normally
produced in living organisms through enzymatic and non-
enzymatic pathways, including protein glycation by glucose,
lipid peroxidation, and the metabolism of acetone and threonine.7
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Figure 1. Inhibition zones produced by methicillin (Met) and by
MG (in solution or in hydrogel) against MRSE.
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MG is characterized by a small molecular size (Mr =
72.06Da), a high hydrophilicity, and the presence of both an
aldehyde and a ketone group in the molecule (Figure 1). All
these factors are most probably involved in its biocidal action,
allowing fast diffusion of the molecule across the outer
membrane and the periplasmic space of microbial cells, and
effective interaction with target sites. Regarding the nature of
these sites, it should be considered that MG, like other 2-
oxoaldehydes, reacts readily with thiol groups of proteins as
well as with guanine bases of DNA, leading to inhibition of
some enzyme activities and causing arrest of cell division.8 It
can, therefore, be speculated that its inhibitory and bactericidal
activity are the result of an overall cellular damage caused by
random multiple detrimental effects on cytoplasmic constituents
rather than interaction with specific target sites.9

As can be seen from Table 1, no reduction in activity was
observed when MG was incorporated (at 0.5% w/w) in the
hydrogel. The average inhibition zone size for the staphylococcal
species was 29.3 « 0.4mm, using the gel, and 29.5 « 0.3mm
with MG in solution. Aging experiments showed that the
antimicrobial properties of MG in the gel were largely preserved
after heating (Figure 3). Exposure to 80 °C for up to 144 h
resulted in only small changes in activity, with an average
inhibition zone diameter decreasing from 29.7 « 0.4 to 26 «
0.7mm. Even under the most severe conditions, 1 h heating at
100 °C, the effects on antimicrobial activity were fairly mild,
being more than 75% of the MG activity maintained. Thus, it can
be deduced that stable topical formulations can be easily obtained
by incorporation of MG in a gel of the type considered here.

Assessment of possible cytotoxicity of MG is, of course, of
paramount importance. In this connection, it should be pointed
out that long-term toxicity and pharmacokinetic studies per-
formed on different species of animals (mice, rats, rabbits,
and dogs) indicated that MG is potentially safe for human
consumption.10 The same conclusions can be drawn from a
recent review on the potential toxic effects of MG in vivo.11

Moreover, focusing attention on the proposed use of MG, i.e., in

topical applications, it is also worth noting that hydroxycarbonyl
compounds such as dihydroxyacetone, glyceraldehydes, and
MG are already utilized in cosmetic preparations and are
generally recognized as safe for such uses.12

In conclusion, the results from the present study indicate
that liquid and gel formulations containing MG have high
bactericidal activity against staphylococcal species, including
the methicillin-resistant S. epidermidis which is becoming an
increasingly frequent cause of nosocomial infections. We,
therefore, recommend that further research be undertaken to
explore in depth the potential of MG as a new option for the
treatment of wounds infected or at risk of infection with
microbial pathogens.
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Figure 2. Effect of MG concentration (c) on the mean diameter of
inhibition (D) for S. aureus and MRSE. The dashed line indicates the
size of the agar well.

Table 1. Mean diameters of inhibition (mm) for S. aureus and MRSE
in the presence of 0.5% w/w MG in solution or in hydrogel

Microorganism MG in solution MG in hydrogel

S. aureus 29.75 « 0.96 29.64 « 1.59
MRSE 29.25 « 3.20 29.07 « 1.35
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Figure 3. Effect of heating on the activity of the hydrogel: up to
144 h at 80 °C (left) and 1 h at various temperatures (right). The dashed
lines indicate the size of the agar well, and D is the mean diameter of
inhibition.
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