
Invasive, pathogenic fungi pose a significant health challenge, 
especially among those with weakened immunity. As fungal 
resistance develops to conventional therapies, new compounds are 
being sought to act as fungicides.

Hydroxamates coordinated to ruthenium have been investigated 
as antimicrobial and anticancer agents with some degree of 
success in vitro. Two novel ruthenium-based compounds 
coordinated with hydroxamates produced by the Warhausen group 
of SVSU were evaluated against S. cerevisiae.  The ligated 
complexes showed no inhibition of growth.  A contrast with free 
ligand showed benzhydroxamic acid (BHA) inhibiting growth while 
salicylhydroxamic acid (SHA) did not. 

As the number of fungal infections increase due to increased 
resistance by pathogenic fungi, new therapies are being sought 
which can effectively treat the illness at minimal harm to the 
patient.

Current antifungal treatments fall into four broad classes but 
neither ruthenium nor hydroxamates are featured prominently. 
Various hydroxamates and other organic ligands coordinated to a 
ruthenium central atom have been specifically studied as 
antifungal therapies.1,2

Two fully coordinated, octahedral ruthenium compounds featuring 
benzhydroxamate and salicylhydroxamate ligands (Figure 1) 
developed by the Warhausen group were assessed for antifungal 
activity against the representative fungus S. cerevisiae. Ruthenium 
compound toxicities have limited references, but many have 
seemingly been tolerated well, possibly due to mimicry of iron3, 
but in general this class of organometallics remains wide open for 
exploration. 

Figure 1. Proposed structure of: Left) ruthenium benzhydroxamate (Ru-BHA) with the 
benzhydroxamate shown in red. Right) ruthenium salicylhydroxamate (Ru-SHA) with 
the salicylhydroxamate shown in blue.

Screening was done by disk diffusion assay.  A fungal lawn of S. 
cerevisiae was plated in triplicate on YPD agar at ~1 x 106 CFU. Sterile 
6 mm paper disks were treated with 100 U of nystatin as a positive 
control against 512 micrograms of Ru-BHA and Ru-SHA compounds.  
Samples were incubated at 25°C for 24 hours.

S. Cerevisiae showed complete resistance to both ruthenium 
hydroxamates as shown by no zones of growth inhibition around 
the treated disks (Figure 2).

Figure 2. S. cerevisiae disk diffusion assay with ruthenium compounds. Left) clockwise 
from top: negative control, positive control, Ru-BHA (brown disk)  Right) clockwise from 
top:  positive control, negative control, Ru-SHA (brown disk).

S. Cerevisiae treated with free BHA at 512 micrograms showed 
inhibition at 95% of the nystatin control.  A similar assay with 512 
micrograms of free SHA showed no inhibition of growth (Figure 3).

Figure 2. S. cerevisiae disk diffusion assay with free ligand. Left) clockwise from top: 
positive control (top left), negative control (top  right),  BHA (bottom)  Right) clockwise 
from top: positive control (top left), negative control (top right), Ru-SHA (bottom).
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The hydroxamates complexed to a ruthenium central atom were 
ineffective at inhibiting growth of S. cerevisiae at a dose of 512 
micrograms.  In the case of Ru-BHA evidence suggests that the 
complex remained intact and did not release free BHA as it was 
shown that the free ligand was very effective against the fungus.

Free BHA has shown inhibition against other fungi, most notably the 
more pathogenic C. albicans with a proposed mechanism of electron 
transport disruption4. The leading hypotheses for the lack of activity 
in the ruthenium-coordinated BHA are hindrance of  the bioactive 
region of BHA by the coordination geometry or sterically from the 
other ligands or diminished uptake of the Ru-BHA complex possibly 
due to its solubility, size, polarity or strong binding to paper disks 
thus interfering with mitochondrial access.

Lack of inhibition by SHA suggests a strong structure-activity 
relationship between it and BHA despite their similarities. SHA’s 
meta-substituted hydroxyl group proved to be sufficient enough of a 
difference to cancel any antifungal activity seen in BHA which lacks 
the group.

In continued collaboration with the Warhausen group, future studies 
will continue to investigate biochemical properties and uses for the 
coordinated ruthenium compounds.  Because the colored 
compounds have many chromophore regions, they possess favorable 
characteristics of photosensitizing agents which require activation by 
light to exert their desired effects5. 

As the threat of fungi-based disease outpaces effective treatments, 
toxicological evidence thus far suggests that ruthenium-based 
compounds may offer safe, unique, organometallic therapies for this 
and a variety of health threats and are worth investigating. 
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