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Some copper chelates have potent antitumour activity, and in some cases also the free
ligands have activity in vivo. Yet, little is known about their antimicrobial properties. Cop-
per(II) chelates of the thiosemicarbazones of α-N-heterocyclic carboxaldehydes constitute
one important group of such agents, also their ligands having marked antitumour activity.
Both the ligands and chelates inhibit ribonucleotide reductase. Some ligands have been or
are under clinical trials as antineoplastic agents. I report here a study on the antimicrobial
properties of the prototype compounds of this group, pyridine-2-carboxaldehyde thiosemicar-
bazone and its copper(II) chelate. They were tested against nine microbes, including bacteria
(Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylo-
coccus epidermidis and Streptococcus lactis), yeasts (Candida albicans and Saccharomyces
cerevisiae) and one mold (Aspergillus niger). Two clinical isolates of Bacillus sp. and one
reference strain were also studied. Both the ligand and the chelate had marked activity. The
ligand displayed considerable activity against all bacteria except for S. lactis, and its activity
against E. coli and P. aeruginosa was that high that practical applications might be considued.
It was highly active against A. niger and moderately active against C. albicans. The chelate
was highly active against S. epidermidis and S. cerevisiae. Both compounds inhibited the clini-
cal isolates markedly. Since some related ligands have been or are in clinical trials on humans
or are entering them, their route to clinical use, also as antimicrobials, might be much more
straightforward than that of substances, whose toxicity in humans is wholly unexplored.
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Introduction

Some copper chelates have highly potent antitu-
mour activity both in vitro and in vivo. These com-
pounds include trans-bis(salicylaldoximato)cop-
per(II) and its analogues (Elo and Lumme, 1985,
1986, 1987; Elo et al., 1987; Elo, 1987a, b, 2004a;
Elo and Sunila, 1987) as well as the copper(II)
complexes of kethoxal bis(thiosemicarbazone)
and of some analogues thereof (Petering, 1980;
Agrawal and Sartorelli, 1975). One further group
of cytotoxic copper(II) chelates is constituted by
the 1:1 copper(II) complexes of the thiosemicar-
bazones of various α-N-heterocyclic carboxalde-
hydes (Brockman et al., 1956; Petering, 1980; An-
tholine et al., 1976; Saryan et al., 1979). The 1:1
copper(II) chelate of pyridine-2-carboxaldehyde
thiosemicarbazone is the most thoroughly studied
congener amongst the last-mentioned group.
Copper chelates belonging to any of the above-
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mentioned classes have a drastic cytotoxic action.
Thus, for example, trans-bis(salicylaldoximato)-
copper(II) totally inhibits the proliferation of all
human as well as murine tumour cell lines so far
tested in a content as low as ca. 5 ppm, and the
cytotoxic action is very rapid (Elo and Lumme,
1985, 1987; Elo, 2004a; unpublished observations).

In the case of salicylaldoximato chelates, only
the copper chelate itself has antitumour activity,
while even high concentrations of the free ligand
are devoid of cytotoxicity in vitro (no in vivo stud-
ies have been performed on the antitumour prop-
erties of the ligand alone). Even high concentra-
tions of free Cu2+ ions have a drastically lower
activity than low concentrations of the chelates
(Elo and Lumme, 1987). In the case of bis(thio-
semicarbazone)s as well as in the case of thio-
semicarbazones of α-N-heterocyclic carboxalde-
hydes, also the free ligands have antitumour
activity. Bis(thiosemicarbazone)s lose, however,
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their activity if the diet of tumour-bearing animals
is made free of copper. In the case of thiosemicar-
bazones of α-N-heterocyclic carboxaldehydes, ex-
periments in animals as well as clinical trials in
humans have shown that the thiosemicarbazones
mobilize large amounts of iron in the body which
is excreted in urine. In vitro, the free ligands (the
thiosemicarbazones of α-N-heterocyclic carboxal-
dehydes) have no cytotoxicity, while their cop-
per(II) complexes as well as the iron complexes
of some ligands cause distruction of tumour cells
(Petering, 1980). New clinical trials on ligands of
this group have been started recently (Shao et al.,
2006; Feun et al., 2002; Murren et al., 2003).

The cytotoxic and antitumour properties of the
compounds described above suggest that the com-
plexes or ligands (or both) might possibly have
also antimicrobial properties. It would be theoreti-
cally interesting to know, whether cytotoxic copper
chelates have also antibacterial or antifungal prop-
erties. Such properties might have important prac-
tical implications concerning the development of
novel antimicrobial drugs. Yet, little appears to be
known on the effects of these agents on microbes.
There are one short report by the present author
on the lack of antiviral properties against HIV of
some copper salicylaldoximates (Elo, 2004b), a
couple of papers describing the effects of one li-
gand, 1-formylisoquinoline thiosemicarbazone, on
Escherichia coli B (Hochman et al., 1972a, b) and
some papers in which the antibacterial activity of
pyridine-2-carboxaldehyde thiosemicarbazone and
one derivative thereof on E. coli is reported (Chat-
topadhyay et al., 1990; Maiti et al., 1988). The lack
of antibacterial studies is even more surprising in
the light of the well-known fact that cis-dichlorodi-
ammineplatinum(II) (cisplatin), one of the clini-
cally most important anticancer drugs ever used
(Rosenberg, 1980), was originally discovered as a
result of its peculiar effects on the bacterium E.
coli (Rosenberg et al., 1965, 1969; Rosenberg,
1973; Cleare and Hydes, 1980).

One reason for testing any potentially promising
new group of antimicrobial agents is constituted
by the alarming and rapidly increasing spread of
various pathogens that are resistant to previously
known clinically useful antimicrobial drugs. Such
microbes include for example vancomycin-resist-
ant enterococci (VRE) and methicillin-resistant
Staphylococcus aureus (MRSA) that have become
serious problems world-wide (Bozdogan et al.,
2003; Centers for Disease Control and Prevention,

2002; Cetinkaya et al., 2000; Cunha, 2005; Hanaki
et al., 2005; Hsueh et al., 2005; Weigelt et al., 2004).
Thus, also from this point of view, antineoplastic
and cytotoxic copper chelates and their ligands
merit a thorough antimicrobial activity study.

I report here the characterization of the antimic-
robial properties of pyridine-2-carboxaldehyde
thiosemicarbazone and the acetate form of its 1:1
copper(II) chelate against a panel of nine different
micro-organisms including bacteria, yeasts and
one mold, as well as against some clinical isolates.
The compounds studied are the ones whose antitu-
mour properties have been most deeply investi-
gated in the class of the thiosemicarbazones of α-
N-heterocyclic carboxaldehydes and their chelates.
These compounds are interesting not only because
of the reasons mentioned above but also because
they inhibit ribonucleotide reductase, a rate-limit-
ing enzyme of DNA synthesis (Saryan et al., 1979;
Cory et al., 1994, 1995; Snyder, 1984), and are con-
sidered to be among the most promising inhibitors
of this enzyme (Li et al., 2001).

The results now obtained indicate that both
compounds have interesting antimicrobial proper-
ties.

Experimental

Materials

The compounds studied, pyridine-2-carboxalde-
hyde thiosemicarbazone (Hemmerich et al., 1958)
and the acetate form of its 1:1 copper(II) chelate
[2-formylpyridine thiosemicarbazonatocopper(II)
acetate] (Antholine et al., 1976), were synthesized
essentially according to the literature methods,
and gave adequate elementary analyses for C, H,
N and S. The analysis results of the chelate are
consistent with the composition [Cu2+(C7H7N4S)Ð

(CH3COO)Ð]. Bell and Theocharis (1987) have re-
ported a dimeric structure for this complex.

The free ligand was dissolved in dimethyl sulfox-
ide (DMSO) for antimicrobial activity testing. The
chelate did not dissolve completely in DMSO, and
a DMSO suspension was therefore used.

The microbes studied included six bacterial spe-
cies (Bacillus cereus, Escherichia coli, Pseudomo-
nas aeruginosa, Staphylococcus aureus, Staphylo-
coccus epidermidis and Streptococcus lactis), two
yeasts (Candida albicans and Saccharomyces cere-
visiae) as well as one mold (Aspergillus niger).
Three clinical isolates [two Bacillus isolates from
a Finnish clinical laboratory and one reference
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strain of B. cereus (NEQAS 7594/2006)] were also
studied. Three slightly different paper disc agar
diffusion methods were used in the antimicrobial
activity studies performed.

Method I

Method I is a routine screening method that was
used for a long time in my laboratory, and it was
used in the early phase of the present study. In
that method, all of the microbial species except
for S. aureus and S. lactis were included in the test
panel, and four concentrations of test substances
were normally studied (5, 10, 20 and 40 mg/ml).
This method, the origins of the microbial strains
used as well as the maintainance of the strains
have been described previously (Pelttari et al.,
2002), alongside with a description of the materials
used. In brief, for testing of antimicrobial activi-
ties, colonies were taken from agar plates and
grown aerobically (at 30 or 37 ∞C) in several 5 ml
aliquots of the appropriate liquid medium. Liquid
cultures from over-night cultivations (5 ml each)
were centrifuged, the pellets were washed, recen-
trifuged and resuspended (volume 400 μl), and
200 μl of this suspension were inoculated onto
each plate (diameter 14 cm, approximately 50 ml
of agar). Paper discs (diameter 6 mm) were put
onto the plates, and 10 μl of a test solution were
pipetted onto each disc. For each concentration of
each compound four discs were employed.

Method II

In Method II, all of the above-mentioned strains
were used except for A. niger and S. epidermidis.
Two further strains were also used, namely one
Staphylococcus aureus and one Streptococcus lactis
strain. The S. aureus strain was an ATCC strain
(ATCC 51740) and was obtained from the
HAMBI collection of the University of Helsinki.
The S. lactis strain was an NCDO strain (NCDO
712) and was obtained through the HAMBI col-
lection from Valio Laboratories (Helsinki, Fin-
land). The S. aureus strain was cultivated at 37 ∞C
in Müller-Hinton broth or on Müller-Hinton agar,
and the S. lactis strain at 30 ∞C in a modified tryp-
tone soy broth or on modified tryptone soy agar.
The strains were maintained as previously de-
scribed for the strains used in Method I (Pelttari
et al., 2002). The Müller-Hinton broth used was
prepared by dissolving 21 g of a commercially
available powder (Difco product 275730, Becton

Dickinson Microbiology Systems, Sparks, MD,
USA) in 1 l of deionized water under heating and
the Müller-Hinton agar by dissolving 38 g of a
commercially available powder containing also the
agar (Difco product 225250) in 1 l of deionized
water under heating. The modified tryptone soy
broth was prepared by dissolving 30 g of a com-
mercial tryptone soy broth powder (Ph.Eur/USP,
product BK046HA, Biokar Diagnostics, Zac de
Ther, Allonne, Beauvais, France) and 3 g of yeast
extract (product 1.03753.0500, E. Merck, Darm-
stadt, Germany) in 1 l of deionized water, and the
corresponding agar was prepared similarly except
that also 16 g of agar powder (Ph.Eur) were added
per litre.

Method II is a modification of Method I. The
maintainance as well as growth conditions of the
microbes were the same as in Method I. For agar
diffusion studies, however, liquid cultures were not
grown but colonies of the microbes were taken di-
rectly from fresh cultures on agar plates and were
suspended in 0.9% saline to yield a slightly opal-
esquent suspension (minimum 0.5 MacFarland,
preferably more). This suspension was then spread
manually on the plates with the aid of cotton
swabs having a very large “head” at the end
(“medical applicators”, Applimed SA, Châtel-
Saint-Denis, Switzerland and Dansu A/S, Stenlose,
Denmark; sterilized by autoclaving in my labora-
tory). The swab was immersed in the suspension
and its head was then lightly pressed against the
inner wall of the tube to remove excess liquid.
Great care was exercised in spreading the suspen-
sion onto the plates, in order to obtain a very ho-
mogenous plate. The rest of the method was simi-
lar to that of Method I. In connection with Method
II, six concentrations of each sample were used.
For each concentration of each compound, at least
two discs were employed. Both methods were
used for most of the strains for comparison pur-
poses.

Method III

Method III was used in the case of clinical iso-
lates of Bacillus sp. It was performed essentially
according to Finnish national standards for anti-
biotic sensitivity testing in clinical microbiology
(FiRe standard), and the exact protocol used in
our studies has been published (Elo et al., 2007).
In brief, microbes from fresh pure cultures were
suspended in 0.9% saline to yield 0.5 MacFarland
suspensions that were spread on Müller-Hinton
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plates (LabM, U. K.) on a rotary plater according
to the Kirby-Bauer method. On each plate were
put two filter paper discs of 6 mm diameter (steril-
ized by autoclaving). On one disc, 10 μl of DMSO
as solvent control, and on the other one, 10 μl of
a DMSO solution of pyridine-2-carboxaldehyde
thiosemicarbazone or of a DMSO suspension of
its copper(II) chelate were pipetted. The plates
were incubated at (35 ð 2) ∞C for 20 h, and the di-
ameters of the inhibitory zones were measured.
All tests were performed in triplicate.

Results and Discussion

The antimicrobial properties of pyridine-2-car-
boxaldehyde thiosemicarbazone (Fig. 1) as well as
of the acetate form of its 1:1 copper(II) chelate
[i. e., 2-formylpyridine thiosemicarbazonatocop-

Fig. 1. Structure of the free ligand pyridine-2-carboxal-
dehyde thiosemicarbazone.

Table I. Results of the antimicrobial activity measurements that were performed according to Methods I and II.

Microbe Concentration Mean diameter of inhibitory zone ð standard deviation [mm]b

of test substance
Copper chelatec Free ligandd[mg/ml]a

Method I Method II Method I Method II

B. cereus 5 10 ð 0 NDe 6 ð 0.5 ND
10 10 ð 0.8 ND 6 ð 0.5 ND
20 11 ð 1.0 ND 17f ð 1.0 ND
40 11 ð 0.8 ND 16f ð 1.0 ND

E. coli 1.25 ND 6 ð 0 ND 6 ð 0.5
2.5 ND 6 ð 0 ND 7 ð 1.5
5 ND 8 ð 0.6 ND 14 ð 2.5

10 11 ð 0.5 7 ð 0.6 25g ð 1.0 20 ð 0.6
20 9 ð 0.8 9 ð 0.6 21g ð 1.0 24 ð 1.2
40 9 ð 1.0 7 ð 0.6 26g ð 1.0 27 ð 1.5

P. aeruginosa 1.25 ND 6 ð 0 ND 7 ð 1.2
2.5 ND 6 ð 0 ND 8 ð 0.3/

14 (outer zone
in one case)h

5 9 ð 0.6 6 ð 0 19 ð 1.5 8 ð 0.3/
18 ð 2.8h

10 7 ð 0.6 6 ð 0 8 (inner zone in 13 ð 2.6/
one case)/ 24 ð 4.2h

18 ð 1.2h

20 7 ð 0 6 ð 0 13 ð 1.0/ 29 ð 3.1i

22 ð 1.0h

40 8 ð 0.6 6 ð 0 19 ð 0.5/ 31 ð 2.0i

25 ð 0.6h

per(II) acetate] were studied using nine different
micro-organisms, including six bacterial species
(Bacillus cereus, Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus, Staphylococcus
epidermidis and Streptococcus lactis), two yeasts
(Candida albicans and Saccharomyces cerevisiae)
as well as one mold (Aspergillus niger). In addi-
tion, the compounds were tested against three
clinical isolates of the genus Bacillus. The results
obtained are shown in Tables I and II.

As is evident from the Tables, both the free li-
gand and the copper chelate had marked antimic-
robial activity. The growth of each microbial strain
studied was inhibited either by the free ligand or
by its copper(II) chelate or by both.

In the case of B. cereus, tested by using Me-
thod I (Table I), the copper chelate seemed to
have slight activity even at the lowest concentra-
tion studied, but its activity did not increase with
concentration. The free ligand, however, had con-
siderable dose-dependent activity and gave inhibi-
tory zones large enough to make it a compound of
potential practical interest, at least as a lead com-
pound for the development of more active conge-
ners, or even as such. The inhibitory zones were,
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Table I (continued).

Microbe Concentration Mean diameter of inhibitory zone ð standard deviation [mm]b

of test substance
Copper chelatec Free ligandd[mg/ml]a

Method I Method II Method I Method II

S. aureus 1.25 ND 8 ð 0.3 ND 6 ð 0
2.5 ND 9 ð 0 ND 6 ð 0.5
5 ND 10 ð 0.8 ND 14 ð 2.4

10 ND 11 ð 1.0 ND 19 ð 2.1
20 ND 13 ð 0.9 ND 20 ð 2.2
40 ND 13 ð 0.5 ND 23 ð 2.8

S. epidermidis 5 25 ð 1.0 ND 6 ð 0 ND
10 28 ð 1.0 ND 6 ð 0.5 ND
20 25 ð 1.0 ND 20 ð 1.4f ND
40 28 ð 1.0 ND 21 ð 1.6f ND

S. lactis 1.25 ND 6 ð 0 ND 6 ð 0
2.5 ND 6 ð 0 ND 6 ð 0
5 ND 7 ð 0.4 ND 6 ð 0

10 ND 8 ð 0 ND 6 ð 0
20 ND 8 ð 0.4 ND 6 ð 0
40 ND 10 ð 0.7 ND 6 ð 0

C. albicans 1.25 ND 6 ð 0 ND 6 ð 0
2.5 ND 6 ð 0 ND 6 ð 0
5 6 ð 0 6 ð 0 6 ð 0 6 ð 0

10 6 ð 0 6 ð 0 9 ð 1.0 6 ð 0
20 6 ð 0 6 ð 0 14 ð 0.7 9 ð 0.6
40 6 ð 0 6 ð 0 15 ð 0.5 13 ð 1

S. cerevisiae 1.25 ND 6 ð 0 ND 6 ð 0
2.5 ND 9 ð 0 ND 6 ð 0
5 PARTj 14 ð 1.0/ 6 ð 0 6 ð 0

22 ð 4.5h

10 PART 15 ð 0.6/ 6 ð 0 6 ð 0
23 ð 1.2h

20 PART 18 ð 2.1/ 6 ð 0 6 ð 0
27 ð 2.5h

40 PART 18 ð 2.6/ 6 ð 0 6 ð 0
28 ð 1.7h

A. niger 5 6 ð 0 ND 6 ð 0k ND
10 6 ð 0 ND 16 ð 1.7 ND
20 6 ð 0 ND 23 ð 1.0 ND
40 6 ð 0 ND 23 ð 1.3 ND

a Concentration of test substance in DMSO. 10 μl of this solution or suspension were pipetted onto each paper disc.
b Diameter of filter paper disc = 6 mm. The diameters given include the disc diameter. The solvent (DMSO) alone

never gave any inhibitory zone.
c Suspension.
d Solution.
e ND, not determined.
f Partial inhibition.
g The borders of the inhibitory zones were not sharp.
h Two inhibitory zones (usually a clear inner one and a more diffuse outer one).
i Outer zone. The diameter of the inner zone could not be reliably determined.
j PART, partial inhibition was distinctly observed but definitive determination of the diameter of the inhibitory

zone was impossible.
k Difficult to determine, possibly some inhibition.

however, diffuse and appeared to consist of an in- The compounds were tested also against two
ner zone and a less clear outer zone, suggesting clinical isolates of the genus Bacillus obtained
partial growth in the peripheral part of the zone. from patients in Finland as well as against one
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Table II. Results of the measurements of antibacterial
activity against clinical isolates of Bacillus sp.

Compounda Mean diameter of inhibitory
zone ð standard deviation [mm]b

B. cereus Bacillus sp., Bacillus sp.,
(NEQAS clinical clinical

7594/2006) isolate 1 isolate 2

Free ligandc 14 ð 0.6 23 ð 0.6 25 ð 0.6
Copper chelated 13 ð 0 18 ð 0.6 18 ð 0.6
DMSO (solvent 6 ð 0 6 ð 0 6 ð 0

control)

a The concentration of each test substance in DMSO
was 40 mg/ml. 10 μl of this solution or suspension were
pipetted onto each paper disc.

b Diameter of filter paper disc = 6 mm. The diameters
given include the disc diameter.

c Solution.
d Suspension.

clinical reference strain (B. cereus NEQAS 7594/
2006). Those results are shown in Table II. All
three strains were inhibited by both the copper
chelate and the free ligand, the two clinical isolates
being inhibited remarkably well and clearly more
potent than the reference strain. The free ligand
was apparently more effective than the chelate.

In the case of E. coli, tested by using both
Method I and Method II, the chelate had almost
no activity, while the free ligand gave large inhibi-
tory zones that, however, were not totally clear in
the case of Method I. So, partial growth possibly
occurred also in this case. In any case, the high
activity of the free ligand is of interest. Whether
the apparent diffuse growth inside the inhibitory
zones is an indication of phenotypic heterogeneity
or not remains to be studied. Another possibility
is that the compound has bacteriostatic activity
that is marked but not complete, but does not have
bactericidal activity.

In the case of P. aeruginosa, the free ligand
clearly and without any doubt gave in most cases
two inhibitory zones, namely a clear inner one (ob-
viously no growth) and a more diffuse outer one
(obviously partial inhibition and partial growth).
Even the inner inhibitory zone was that large that
practical applications are of interest. This result
is especially interesting since in a large screening
program undergoing in my laboratory, very few
compounds have been found that are highly active
against P. aeruginosa, while a considerable number
of compounds active against the other test organ-
isms now employed have been found (Elo et al.,

2007; Pelttari et al., 2002, 2007a, 2007b; unpub-
lished results). In contrast to the free ligand, the
copper chelate had either minimal (Method I) or
no (Method II) activity against P. aeruginosa.

In the case of the important opportunistic path-
ogen S. aureus, both pyridine-2-carboxaldehyde
thiosemicarbazone and the chelate clearly had ac-
tivity, the free ligand being far more active than
the metal chelate. It is noteworthy that the ligand
had marked activity even at fairly low concentra-
tions. Unexpectedly, the results obtained on S. epi-
dermidis differ drastically from those obtained for
S. aureus. Thus, the copper chelate was highly ac-
tive against S. epidermidis even at the lowest con-
centration tested. The free ligand was less active
(albeit it had potent activity) and did not display
essentially any activity at the lowest concentra-
tions tested. In the case of the ligand, the inhibi-
tory zones were unclear, suggesting partial growth.

In contrast to the other bacteria studied, S. lactis
was very weakly inhibited by the chelate and not
detectably inhibited by the free ligand. The rea-
sons for this difference remain to be studied.

In the case of the pathogenic yeast C. albicans,
the copper chelate was totally inactive, as deter-
mined by Methods I and II. The free ligand, how-
ever, had moderate activity. Possibly, topical appli-
cations against this pathogen might come into
question. The other yeast studied, S. cerevisiae,
was in contrast not detectably inhibited by the free
ligand even at the highest concentrations tested
but was markedly inhibited by the copper chelate.
When Method II was employed, the chelate pro-
duced two inhibitory zones (a clear inner one and
a diffuse outer one), just as the free ligand did in
the case of some bacteria.

The mold A. niger is an opportunistic pathogen
of rapidly increasing importance because immuno-
compromised patients (such as AIDS patients and
patients with transplanted organs who are on im-
munosuppressive medication) are susceptible to it.
Thus, every compound with marked activity
against it is of potential value. The free ligand now
studied had marked activity against this microbe,
being thus of interest as a lead compound for the
development of anti-mold drugs. The copper che-
late, instead, displayed no activity.

The formation of two distinctly discernable in-
hibitory zones in many cases is interesting and
may suggest that at low concentrations, the free
ligand and the chelate are in these cases only bac-
teriostatic or fungistatic (respectively), but that at
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certain concentrations (at certain intracellular con-
centrations within the microbes?), the compounds
become bactericidal or fungicidal, respectively.

It must be pointed out that the ‘intrinsic’ anti-
microbial activity of the copper chelate may actu-
ally be higher than suggested by the present re-
sults, since its solubility in DMSO was low and a
suspension had to be used. Whether higher activ-
ity could be obtained e. g. by pretreating the mi-
crobes with a copper(II) salt and then administer-
ing the free ligand remains to be studied. Such a
prodecure (or simultaneous administration of the
ligand and a copper salt) could possibly be used
even in vivo.

An interesting question is, whether the antibac-
terial, antifungal and antineoplastic activities of
the free ligand and of the copper chelate all have
one and the same mechanism of action or not. The
role of copper (and other metal) ions in the anti-
bacterial and antifungal activities of the free ligand
is interesting but outside the scope of the present
study. It is also the question, whether the chelate
reacts intracellularly, releasing the free ligand, or
not and if so, what happens to the copper(II) ion
released. These questions are worth to be studied
further, since they are of great interest as concerns
the development of further active agents for possi-
ble practical use. One further question of great in-
terest is whether the antibacterial and antifungal
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