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SUMMARY

Ibuprofen, a phenyl propionic acid derivative (2-(4-isobutylphenyl)propionic
acid) inhibited growth & in vitro of 17 brown-rot fungi at a concentration of
100 ug/mL, while exhibiting no growth inhibition for 8 white-rot fungi at the
same concentration. Propionic acid did not inhibit fungal growth in vitro.
Morphological changes were noted in fungi that were able to grow in the
presence of ibuprofen.
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INTRODUCTION

Brown-rot fungi make up only 7% of all wood rotting basidiomycetes, but they
are the most destructive wood rotting organisms (Gilbertson and Ryvarden,
1986). Researchers continue to look for new methods to inihibit
biodeterioration of wood by these organisms. Chemicals with antifungal
properties are typically screened against representatives of both brown-rot
and white-rot fungi. When screening compounds for antimycotic activity,
differences in the mechanism of decay by these two groups of decay fungi are
often revealed.

Ibuprofen, an anti-inflammatory inhibitor of prostaglandin biosynthesis, has
been widely accepted as an oral pain reliever (Reynolds, 1989). Sanyal et
al. , 1993, recently found that ibuprofen displayed antimycotic activity
against pathogenic fungi of medical importance. Various dermatophytes were
remarkably susceptible to ibuprofen in vitro . However, the mode of
antimycotic action for dermatophytes remains unknown.

Figure 1. 2-(4-isobutylphenyl)-propionic acid
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Ibuprofen is a phenyl propionic acid derivative (Figure 1). Propionic acid,
an effective biocide used to protect stored grains from microbiological
attack, is also a known inhibitor of fungal growth when sprayed on chip piles.
at a concentration of 2% (Eslyn 1973, Springer et al. , 1977). Propionic acid
was tested at the same concentrations as ibuprofen for antimycotic effects.

The objective of this study was to examine the ability of brown- and white-rot
fungi to grow at various concentrations of ibuprofen. It was shown that
ibuprofen exhibits antimycotic activity against a group of basidiomycetous
fungi responsible for brown-rot decay of wood, while having no affect on
white-rotters at the same concentrations. Propionic acid was not inhibitory
for either group of decay organisms at the same

MATERIALS AND METHODS

Culture conditions The seventeen brown-rot and
this study are listed and identified in Table 1.

concentration as ibuprofen.

eight white-rot fungi used in
Isolates were maintained on

2% malt agar.

Minimum inhibitory concentration (MIC) The MIC was defined as the minimum
inhibitory concentration which inhibited fungal growth on agar plates after 3
wk incubation.

Plate cultures A stock solution of ibuprofen (Sigma) prepared in methanol
was added at 100 ug/ml or 200 ug/ml to 2% malt agar which had been cooled to
45°c. Propionic acid (Sigma) was added to pre-cooled malt agar at the same
concentrations. Petri plates were inoculated with a 0.4 cm disk of test
fungus cut from the advancing zone of an agar plate. The agar disk was
trimmed with a sterile scalpel to remove excess agar. Plates were incubated
at 27°C, 70% RH, and diameters of colonies were measured at 4 d intervals for
3 wk. Control plates were untreated.

Enzymatic inactivation Four, 125ml Erlenmeyer flasks containing 25 ml
Bailey’s Minimal Medium (Highley, 1973) with 0.5% cellobiose were inoculated
with agar plugs of Phanerochaete chrysosporium ME-461 and incubated for 3 wk
at 27°C, 70% RH. Culture filtrates were pooled, and filtered through Whatman
No. 1 filter paper and a 0.2 um Millipore filter. Dilutions of the filter
sterilized culture filtrate (1:1, 1:2, 1:5, and 1:10) were mixed (1:1) with
inhibitory concentrations of ibuprofen in 2% malt agar precooled to 45°C.
Plates were incubated 24 h at 25°C before inoculation with Postia placenta
Mad-698. Controls included culture filtrate without ibuprofen and ibuprofen
treatment without culture filtrate.

Mode of action After 3 wk incubation, agar plugs from the brown-rot isolates
showing no growth were transferred to fresh malt agar to see if ibuprofen was
fungicidal or fungistatic at concentrations which
Transferred isolates were incubated at conditions

inhibited growth.
previously described.
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RESULTS

The MIC of ibuprofen (100 ug/ml) totally inhibited growth of 15/17 brown-rot
isolates (Table 1). Only N. lepideus and A. serialis showed slight growth
after 15 d, but they also showed morphological changes (Figure 2). White-rot
isolates showed a slight delay in growth (7 d) at 100 ug/ml ibuprofen, but 8/8
isolates tolerated this concentration of treatment (Table 1). Three of the
eight white-rot isolates, P. brevispora, P. chrysosporium ME-461, and X.
frustulatus  were tolerant of 200 ug/ml ibuprofen. White-rot fungi also
demonstrated morphological changes in gross cultural characteristics (Figure
2). Agar plugs from test plates showing no growth after 3 wk were transferred
to fresh malt agar and incubated for an additional 3 wk. The minimum
inhibitory concentration of ibuprofen was fungicidal to the brown-rot isolates
in this study.

Propionic acid slightly slowed the mycelial growth of all organisms at 100 and
200 ug/ml compared to the controls. All organisms tested were able to grow on
agar and were morphologically similar to control plates except for S.
incrassata Mad-563. Propionic acid was fungicidal to S. incrassata at 100
ug/ml.

Culture filtrate from P. chrysosporium  ME-461 did not inactivate the
inhibitory effects of ibuprofen on growth of the brown-rot isolate P. placenta
Mad-698.

DISCUSSION

Ibuprofen was fungicidal to 15/17 brown-rot isolates at a minimum inhibitory
concentration of 100 ug/ml, but did not inhibit white-rot fungal growth.
Ibuprofen’s antifungal mode of action on brown-rot fungi is unknown, as it is
for dermatophytes. White-rot organisms have a mechanism for overcoming the
inhibitory effects of ibuprofen, though some morphological changes were
noted. The two brown-rot isolates that were able to grow in the presence of
ibuprofen also showed an unusual cultural morphology. Preliminary results in
a soil block test (ASTM, 1991) did not show a clear inhibition of brown-rot
fungi in wood at the same concentrations that were inhibitory in agar (results
not shown). Further testing is necessary to confirm this result.

Propionic acid is known to be an effective fungal inhibitor on chip piles at
2% (Eslyn 1973, Springer et al. 1977). It was compared to ibuprofen at the
inhibitory concentration because of it’s reported antifungal properties, and
because ibuprofen is a propionic acid derivative. However, the MIC of
ibuprofen was 198-fold less than the effective concentration of propionic acid
reported by Eslyn and Springer et al. At 100 ug/ml, propionic acid did not
affect growth or morphology of any organism tested with the exception of S.
incrassata Mad-563. Propionic acid was fungicidal to S. incrassata at 100
ug/ml.
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It is well documented that white rot organisms possess the ability to degrade
a wide range of compounds with their lignolytic system (Field et al. , 1993,
Paszczynski et al. , 1992). The culture filtrate of P. chrysosporium  ME-461
was tested for enzymatic inactivation of ibuprofen. Various amounts of
filter-sterilized culture filtrate were mixed with 100 ug/ml ibuprofen in
precooled agar and incubated 24 h at 25°C. Plates, which were then inoculated
with P. placenta Mad-698, exhibited inhibition of the brown-rot organism
suggesting that ibuprofen’s Inhibitory effects on P. placenta were not
enzymatically inactivated by P. chrysosporium  culture filtrate. More
parameters need to be examined before it can be stated with certainty that
enzymatic activity is not responsible for the ability of white-rotters to
grow unhindered at concentrations of ibuprofen that are inhibitory to
brown-rotters.

In conclusion, ibuprofen was fungicidal to 15 isolates of brown-rot fungi at
100 ug/ml. Growth of 8 isolates of white-rot fungi was not affected. Two
brown-rot fungi grew slowly at this concentration with notable morphological
changes. White-rot fungi also exhibited morphological changes.

Propionic acid was fungicidal to S. incrassata at 100 ug/ml, but all other
brown-rot and white-rot isolates grew normally in the presence of propionic
acid. Further studies are needed to confirm the mechanism of action for
brown-rot inhibition by ibuprofen that is either lacking or inactivated by
white-rot fungi.
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Figure 2. The brown-rot fungus, Neolentinus lepideus Mad-534 (top) and
white-rot fungus, Trametes versicolor Mad-697 (bottom) show
morphological changes in the presence of 100 ug/ml ibuprofen
(right) compared to untreated controls (left).
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