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The aim of this study was to investigate the in vitro antimycoplasmal activity of hydroxytyrosol. Twenty
strains of Mycoplasma hominis, three strains of Mycoplasma fermentans, and one strain of Mycoplasma pneu-
moniae were used. For M. pneumoniae, M. hominis, and M. fermentans, the MICs were 0.5, 0.03 (for 90% of the
strains tested), and 0.25 �g/ml, respectively.

Typical components of the Mediterranean diet, such as olive
oil and red wine, contain high concentrations of complex phe-
nols, which are endowed with strong antioxidant activity. Also
in the Mediterranean basin, olive oil, along with fruits, vege-
tables, and fish, are important constituents of the diet and are
considered major factors in preserving a healthy and relatively
disease-free population. Epidemiological data show that the
Mediterranean diet has significant protective effects against
cancer and coronary heart disease.

The increasing resistance to antibiotics represents the main
factor justifying the need to find and develop new antimicro-
bial agents. Thus, many studies are focused on the antimicro-
bial properties of plant-derived active principles (such as spices
and essential oils) that have been used for a long time in
traditional medicine to overcome infections (7).

The fruit and leaves of the olive (Olea europaea L.) contain
a series of compounds that represent multichemical mecha-
nisms of defense against microbe and insect attacks. There is
clear evidence concerning the antimicrobial activity of com-
pounds contained in olives, olive oil, and leaves and vegetation
waters. In particular, the possible use of O. europaea biocom-
pounds against human pathogenic bacteria has been suggested
(4, 5, 9, 17).

The major phenolic compounds identified and quantified in
olive oil belong to three different classes: simple phenols (hy-
droxytyrosol and tyrosol), secoiridoids (oleuropein, the agly-
cone of ligstroside, and their respective decarboxylated dialde-
hyde derivatives), and lignans [(�)-1-acetoxypinoresinol and
pinoresinol]. Recently, oleuropein (the bitter molecule present
in large amounts in olives) and hydroxytyrosol (which derives
from oleuropein by acidic or enzymatic hydrolysis and is re-
sponsible for the high stability of olive oil) (4, 21) have been
demonstrated to inhibit or delay the rate of growth of a range
of bacteria and fungi, and so they might be efficiently used as
alternative food additives or in integrated pest management
programs (3, 6, 11, 14–16). Moreover, we have demonstrated

the good antimicrobial activity of oleuropein and hydroxyty-
rosol against American Type Culture Collection and clinically
isolated gram-positive and gram-negative bacterial strains (Sal-
monella sp., Vibrio sp., and Staphylococcus aureus) (4). Since
oleuropein has also been shown to inhibit mycoplasmas (8), we
carried out the study described here with the aim of determin-
ing the in vitro susceptibilities of Mycoplasma pneumoniae,
Mycoplasma hominis, and Mycoplasma fermentans to hydroxy-
tyrosol.

Hydroxytyrosol was synthesized as previously described by
Bisignano et al. (4). A working solution was prepared in 0.1 M
phosphate buffer, and the final pH was the same as that of the
assay medium.

Nineteen low-passage clinically isolated strains of M. homi-
nis (vagina, urethra, and cervix isolates), one reference strain
(PG 21) of M. hominis, one reference strain (FH) of M. pneu-
moniae, and one low-passage strain (vagina isolate) and two
reference strains (PG18 and K7) of M. fermentans were inves-
tigated.

M. hominis was grown in 10-B broth (pH 6.0) (13) containing
1% arginine instead of urea. M. pneumoniae and M. fermentans
were grown in SP-4 (18). All of the strains were maintained
frozen (�80°C) until assayed against the drug.

The MIC was determined by a broth microdilution assay
that was essentially equivalent to a metabolism inhibition test
as previously described (12). Mycoplasma broth (0.025 ml of
the specific broth) was inoculated into microtiter wells. The
stock solution (0.025 ml) of each drug was added to the first
well, and serial twofold dilutions (0.025 ml) were made with a
multichannel pipette beginning with the second well; the final
0.025 ml was discarded, and a total of 11 drug concentrations
were prepared. A suspension of organisms (0.175 ml) was
added to each well containing the drugs. Plates were sealed
with transparent acetate and incubated at 37°C under atmo-
spheric conditions.

Each strain was cloned three times before the test and then
used for MIC determinations. The number of organisms added
was verified by making serial 10-fold dilutions in order to
ensure an adequate (103 CFU/ml) but not an excessive (�105

CFU/ml) amount of inoculum for the test system. All micro-
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Androne 81, 95124 Catania, Italy. Phone: 39 095316038. Fax: 39
095312798. E-mail: furneri@unict.it.

4892



plates were examined after 18 h of incubation and then once
daily until growth in the organism control tube occurred. The
MIC was defined as the lowest concentration of antibiotic that
inhibited a color change in the broth caused by a given Myco-
plasma strain at the time when the color of the control tube
changed, that is, when the pH of the medium decreased from
7.5 to 7.0 (M. pneumoniae and M. fermentans) or increased
from 6.0 to 6.5 (M. hominis). The required incubation times
were 24 to 48 h for M. hominis and M. fermentans and 3 to 5
days for M. pneumoniae. Further incubations were not carried
out. Each mycoplasma strain was tested six times against each
antimicrobial agent. The strains were tested six additional
times, on different days, with the drug to ensure the reproduc-
ibility of the results.

A positive control (growth) consisting of organisms in broth,
a negative control (sterility) consisting of uninoculated broth,
and a drug control consisting of broth with the highest drug
concentrations were included for each mycoplasmal strain
tested. S. aureus ATCC 29213 was included as a control; the
MIC of the drug obtained in Muller-Hinton broth was com-
pared to that obtained in mycoplasma medium. This reference
strain was inoculated into microtiter plates containing 10-B
broth, SP-4 broth, Muller-Hinton broth II (Becton Dickinson
& Co., Sparks, Md.), and the appropriate dilutions of the drug
tested for MIC determination. These control procedures were
repeated each time that an assay was performed.

The results of the susceptibility tests are given in Table 1.
Hydroxytyrosol inhibited mycoplasmas at concentrations of
0.03 to 0.5 �g/ml. The MICs for M. pneumoniae, M. hominis,
and M. fermentans, were 0.5, 0.03, and 0.25 �g/ml, respectively.
As regards reproducibility, no variations among the MIC re-
sults were observed in the separate assays. Therefore, 10-B and
SP-4 both yielded a hydroxytyrosol MIC of 4.0 �g/ml for S.
aureus, which is equal to that obtained for this strain in Muel-
ler-Hinton broth.

The antimicrobial activity of naturally occurring compounds
has been reviewed recently in the literature, and there is con-
siderable interest in the use of these compounds as new anti-
microbial agents in humans (7). Of course, safety and bioavail-
ability are primary considerations for antimicrobial agents to
be used for therapy in humans. Several papers report the good
bioavailability of hydroxytyrosol following ingestion of olive oil
or of the pure active principle in humans (10, 19, 20). Although
plasma concentrations of hydroxytyrosol and/or its metabolites
in olive oil-consuming people have not been described yet,
when hydroxytyrosol levels were measured in plasma samples
from volunteers after a single ingestion of 25 ml of virgin olive
oil (a dose close to the daily oil intake in Mediterranean coun-
tries), a maximum concentration of 25 �g/liter was reached

(10). Moreover, the disposition of hydroxytyrosol in humans
has been reported to be dose dependent (19, 20).

Furthermore, olive oil has proven its safety through many
years of use and consumption by humans. Aeschbach et al. (1)
and Aruoma et al. (2) observed a slight in vitro pro-oxidant
activity of hydroxytyrosol on DNA, but only at nonphysiologi-
cal, millimolar concentrations. Moreover, olive polyphenols
(including hydroxytyrosol) are generally claimed to be free of
toxicity against mammalian cells (7).

The present findings indicate that hydroxytyrosol might be
considered as a promising antimicrobial agent for treating hu-
man infections; its safety (7) and good bioavailability (10, 19,
20) represent additional advantages for its possible therapeutic
use.

Therefore, one might speculate that dietary intake of the
polyphenols contained in olives and olive oil could reduce the
risk of mycoplasmal infection. We believe that mycoplasmas
could be an interesting tool to study and better characterize the
interaction of hydroxytyrosol with bacteriological membrane.
Further studies are needed to clarify these two points.

REFERENCES

1. Aeschbach, R., J. Loliger, B. C. Scott, A. Murcia, J. Buttler, B. Halliwell, and
O. I Aruoma. 1994. Antioxidant actions of thymol, carvacrol, 6-gingerol,
zingerone and hydroxytyrosol. Food Chem. Toxicol. 32:31–36.

2. Aruoma, O. I., M. Deiana, A. Jenner, B. Halliwell, H. Kaur, S. Banni, F. P.
Corongiu, M. A. Dessi, and R. Aeschbach. 1998. Effect of hydroxytyrosol
found in extra virgin olive oil on oxidative DNA damage and on low-density
lipoprotein oxidation. J. Agric. Food Chem. 46:5181–5187.

3. Aziz, N. H., S. E. Farag, L. A. Mousa, and M. Abo-Zaid. 1998. Comparative
antibacterial and antifungal effects of some phenolic compounds. Microbios
93:43–54.

4. Bisignano, G., M. G. Lagana, D. Trombetta, S. Arena, A. Nostro, N. Uccella,
G. Mazzanti, and A. Saija. 2001. In vitro antibacterial activity of some
aliphatic aldehydes from Olea europaea L. FEMS Microbiol. Lett. 198:9–13.

5. Bisignano, G., A. Tomaino, R. Lo Cascio, G. Crisafi, N. Uccella, and A. Saija.
1999. On the in-vitro antimicrobial activity of oleuropein and hydroxytyrosol.
J. Pharm. Pharmacol. 51:971–974.

6. Capasso, R., A. Evidente, L. Schivo, G. Orru, M. A. Marica, and G. Cris-
tinzio. 1995. Antibacterial polyphenols from olive oil mill waste waters.
J. Appl. Bacteriol. 79:393–398.

7. Cowan, M. M. 1999. Plant products as antimicrobial agents. Clin. Microbiol.
Rev. 12:564–582.

8. Furneri, P. M., A. Marino, A. Saija, N. Uccella, and G. Bisignano. 2002. In
vitro antimycoplasmal activity of oleuropein. Int. J. Antimicrob. Agents 20:
293–296.

9. Markin, D., L. Duek, and I. Berdicevsky. 2003. In vitro antimicrobial activity
of olive leaves. Mycoses 46:132–136.

10. Miro-Casas, E., M. I. Covas, M. Farre, M. Fito, J. Ortuno, T. Weinbrenner,
P. Roset, and R. de la Torre. 2003. Hydroxytyrosol disposition in humans.
Clin. Chem. 49:945–952.

11. Ruiz-Barba, J. L., A. Garrido-Fernandez, and R. Jimenez-Diaz. 1991. Bac-
tericidal action of oleuropein extracted from green olives against Lactoba-
cillus plantarum. Lett. Appl. Microbiol. 12:65–68.

12. Senterfit, L. B. 1983. Antibiotic susceptibility testing of mycoplasmas, p.
397–401. In S. Razin and J. G. Tully (ed.), Methods in mycoplasmology, vol.
1. Academic Press, Inc., New York, N.Y.

13. Shepard, M. C. 1983. Culture media for ureaplasmas, p. 137–146. In S. Razin
and J. G. Tully (ed.), Methods in mycoplasmology, vol. 1. Academic Press,
Inc., New York, N.Y.

14. Tassou, C. C., and G. J. E. Nychas. 1994. Inhibition of Staphylococcus aureus
by olive phenolics in broth and in a model food system. J. Food Prot.
57:120–124.

15. Tassou, C. C., and G. J. E. Nychas. 1995. Inhibition of Salmonella enteritidis
by oleuropein in broth and in a model food system Lett. Appl. Microbiol.
20:120–124.

16. Tassou, C. C., G. J. E. Nychas, and R. G. Board. 1991. Effect of phenolic
compounds and oleuropein on the germination of Bacillus cereus T spores
Biotechnol. Appl. Biochem. 13:231–237.

17. Trombetta, D., A. Saija, G. Bisignano, S. Arena, S. Caruso, G. Mazzanti, N.
Uccella, and F. Castelli. 2002. Study on the mechanisms of the antibacterial
action of some plant �,�-unsaturated aldehydes. Lett. Appl. Microbiol. 35:
285–290.

TABLE 1. Susceptibilities of M. hominis, M. fermentans, and
M. pneumoniae to hydroxytyrosol

Microorganism (no. of strains)

MIC (�g/ml)

50% of
strains

90% of
strains Range

Mycoplasma hominis (20) 0.03 0.03 0.03–0.12
Mycoplasma fermentans (3) 0.25
Mycoplasma pneumoniae (2) 0.5

VOL. 48, 2004 NOTES 4893



18. Tully, J. G., D. L. Rose, R. F. Whitcomb, and R P. Wenzel. 1979. Enhanced
isolation of Mycoplasma pneumoniae from throat washing with a newly mod-
ified culture medium. J. Infect. Dis. 139:478–482.

19. Visioli, F., C. Galli, F. Bornet, A. Mattei, R. Patelli, G. Galli, and D. Caruso.
2000. Olive oil phenolics are dose-dependently absorbed in humans. FEBS
Lett. 468:159–160.

20. Vissers, M. N., P. L. Zock, A. J. Roodenburg, R. Leenen, and M. B.
Katan. 2002. Olive oil phenols are absorbed in humans. J. Nutr. 32:409–
417.

21. Walter, W. M., H. P. Fleming, and J. L. Etchells. 1973. Preparation of
antimicrobial compounds by hydrolysis of oleuropein from green olives.
Appl. Microbiol. 26:773–776.

4894 NOTES ANTIMICROB. AGENTS CHEMOTHER.


