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Introduction

Aim. The objective of this study was to determine the activity of 5-fluorouracil (5-FU) against
five pathogenic bacteria: Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 700603,
Acinetobacter baumannii ATCC 19606, Pseudomonas aeruginosa ATCC 27853, Staphylococcus
aureus ATCC 433 and two fungi: Candida albicans ATCC 90028 and Cryptococcus neoformans
ATCC 208821. Methods. 5-FU was tested by the broth microdilution against selected micro-
organisms. Results. It was found that 5-FU significantly inhibits the growth of S. aureus ATCC
43300 and C. neoformans ATCC 208821 (MIC < 0.25 mg/L). P. aeruginosa ATCC27853, K.
pneumonia ATCC 700603 and C. albicans ATCC90028 were considered to be resistant to
5-FU (MIC > 32mg/L), whereas A. baumanii ATCC 19606 and E. coli ATCC 25922 were
considered to be intermediate (MIC = 16mg/L). Conclusion. These findings suggest that 5-FU
could be a promising drug candidate for the treatment of infection diseases caused by methi-
cillin-resistant S. aureus (MRSA) ATCC 43300 and C. neoformans ATCC 208821.
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5-Fluorouracil (5-FU) is the third most com-
monly used chemotherapeutic drug throughout
the world for the treatment of cancer [1-4],
which has been shown to be effective against
several bacterial and fungal species. According
to ChEMBL database, the antibacterial activi-
ty of this compound was reported toward
Staphylococcus aureus strains ATCC 4163,

ATCC 25923, ATCC 6538, ATCC 29213;
S. epidermidis strains ATCC 12228,
ATCC 35984 as well as against several hospi-
tal isolates of these pathogens obtained in the
Warsaw Medical University Hospital [5].
Steinfeld et al. studied the anti-yeast activity
of 5-FU toward Saccharomyces cerevisiae
9763, Candida albicans 1-V, C. albicans
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WD 18-4 and C. krusei 1-T [6]. Other authors
investigated the 5-FU activity toward three
yeast cultures C. albicans: BC759, B311 and
3153A [7]. Schwarz et al. reported the anti-
yeast activity of 5-FU toward several isolates
of Cryptococcus neoformans: 98.0176, 18476,
285, 550, 98.0673, 99.1026, 98.1121, 276, 280
and 533 [8]. Yasumoto et. al. tested 5-FU to-
ward S. aureus strains ATCC 6538P, Sarcina
lutea ATCC 9341, Micrococcus flavus
ATCC 10240, Bacillus subtilis ATCC 6633,
Escherichia coli NIHI, Klebsiella pneumonia
ATCC 10031, Proteus vulgaris IFO 3045 and
Pseudomonas diminute IAM 1513 [9]. Several
studies report the antibacterial activity of 5-FU
toward Pseudomonas aeruginosa cystic fibro-
sis isolates [10, 11].

The objective of this study was investigation
of the antimicrobial activity of 5-FU against
five bacteria: Escherichia coli ATCC 25922,
Klebsiella pneumoniae ATCC 700603,
Acinetobacter baumannii ATCC 19606,
Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 433 and two
fungi: Candida albicans ATCC 90028 and
Cryptococcus neoformans ATCC 208821.

Materials and Methods

5-FU synthesis

5-FU was synthesized as described earlier [12,
13].

Antibacterial assay

All bacteria were cultured in Cation-adjusted
Mueller Hinton broth (CAMHB) at 37 °C over-
night. A sample of each culture was then diluted
40-fold in fresh broth and incubated at 37 °C for
1.5-3 h. The resultant mid-log phase cultures

were diluted (CFU/mL measured by ODy),
then added to each well of the plate containing
compound dissolved in DMSO, giving a cell
density of 5 x 10> CFU/mL and a total volume
of 50 pL. All the plates were covered and incu-
bated at 37 °C for 18 h without shaking.

Growth inhibition of all bacteria was deter-
mined by measuring absorbance at 600 nm
(ODgyy), using a Tecan M1000 Pro monochro-
mator plate reader. The percentage of growth
inhibition was calculated for each well, using
the negative control (media only) and the po-
sitive control (bacteria without inhibitors) on
the same plate as references.

Antifungal assay

Fungi strains were cultured for 3 days on
Yeast Extract-Peptone Dextrose (YPD) agar
at 30 °C. A yeast suspension of 1 x 10° to
5 x 106 CFU/mL (as determined by ODsj3)
was prepared from five colonies. The suspen-
sion was subsequently diluted and added to
each well of the compound-containing plates
giving a final cell density of fungi suspension
of 2.5 x 103 CFU/mL and a total volume of
50 pL. All plates were covered and incubated
at 35 °C for 36 h without shaking.

Growth inhibition of C. albicans was deter-
mined measuring absorbance at 530 nm
(ODs3p), whereas the growth inhibition of
C. neoformans was determined measuring the
difference in absorbance between 600 and
570 nm (ODg.570), after the addition of resa-
zurin (0.001 % final concentration) and incuba-
tion at 35 °C for additional 2 h. The absor-
bance was measured using a Biotek Synergy
HTX plate reader. The percentage of growth
inhibition was calculated for each well, using
the negative control (media only) and positive

55



L. V. Pletnova, G. P. Volynets, N. O. Kachaput et al.

control (fungi without inhibitors) on the same
plate.

The minimum inhibitory concentration
(MIC) was determined following the CLSI
guidelines, identifying the lowest concentra-
tion, at which full inhibition of the bacteria or
fungi has been detected.

The growth rate for all bacteria and fungi
has a variation of = 10 %, which is within the
reported normal distribution of bacterial/fungal
growth. Any significant variation (or outliers/
hits) is identified by the modified Z-Score, and
the actives are selected by a combination of
inhibition value and Z-Score.

Z-Score analysis

The Z-Score is calculated based on the sample
population using a modified Z-Score method,
which accounts for possible skewed sample
population. The modified method uses median
and MAD (median average deviation) instead
of average and sd, and a scaling factor:
M(i) = 0.6745*(x(1) — median(x))/MAD) [14].
The compounds with the inhibition values
equal to or about 80 % and abs(Z-Score) about
2.5 for either replicate (n = 2 on different
plates) were considered active. The compounds
with inhibition values between 50.9-79.9 %
or abs(Z-Score) below 2.5 were classified as
partially active. The compounds with inhibi-
tion values below 50 % and abs(Z-Score) be-
low 2.5 were considered as inactive.

Results and Discussion

Drug repositioning is a promising strategy for
the development of novel antibacterial drugs,
since pharmacokinetics, pharmacodynamics
and toxicity have been already established. In
this study we investigated the antimicrobial
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activity of widely used anticancer drug 5-FU.
It inhibits thymidylate synthase and thus pre-
vents the synthesis of thymidine monophos-
phate (dTMP), which is an important nucleo-
tide for DNA replication. Therefore, 5-FU
induces apoptosis of rapidly dividing cancer
cells by dTMP starvation [15]. It has also been
reported that 5-FU mainly causes the thymine-
less death of bacteria by inhibiting thymidine
synthesis, which, in turn, blocks DNA and
RNA synthesis. However, it is still too early
to say about the same molecular mechanisms
for inhibiting the tumor cells and bacteria [16].
Earlier, the authors Ahmad et al. [17] reported
the direct and indirect effects caused by the
thymine starvation in bacteria. The direct ef-
fects include single- and double-strand DNA
breaks leading to the bacterial death. The in-
direct effects involve plasmids elimination,
lack of transforming ability, bacterial cell fila-
mentation, etc. Yeast cells exhibit the effects
similar to those of bacteria during thymine
starvation [17]. Recently, it was shown that
5-FU inhibits the synthesis of common qou-
rum-sensing communication signal autoin-
ducer-2 (AI-2), which is responsible for the
biofilm formation in methicillin-resistant
Staphylococcus aureus (MRSA) [16]. There-
fore, 5-FU can possess various mechanisms of
action to reveal the antimicrobial effects.

The antimicrobial activities of 5-FU toward
five bacteria — S. aureus ATCC 433, A. bau-
mannii ATCC 19606, E. coli ATCC 25922,
P aeruginosa ATCC 27853, K. pneumoniae
ATCC 700603, and two fungi — C. albicans
ATCC 90028, C. neoformans ATCC 208821,
disclosed by us are presented in Table 1.

As it can be seen from the Table 1, 5-FU
significantly inhibits growth of methicillin-
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Table 1. Antimicrobial activity of 5-FU

Organism Growth inhibition, % Z-Score MIC, mg/L MIC, uM
Staphylococcus aureus ATCC 43300 91.6;92.6 -6.9,-8.0 <0.25 <19
Acinetobacter baumannii ATCC 19606 84.3;91.0 -10.7; -15.7 16 122.9
Escherichia coli ATCC 25922 87.3,92.7 -25.7,-27.7 16 122.9
Pseudomonas aeruginosa ATCC 27853 48.8;57.2 -10.3;-8.9 >32 >245.8
Klebsiella pneumoniae ATCC 700603 65.6;72.6 -7.6;-9.4 >32 >2458
Cryptococcus neoformans ATCC 208821 111.4;113.3 -10.8;-15.3 <0.25 <19
Candida albicans ATCC 90028 14.8; 6.5 -1.1; -3.0 >32 >245.8

resistant S. aureus ATCC 43300 and C. neo-
formans ATCC 208821 with MIC value of
<0.25 mg/L (1.9 uM). Earlier, the same acti-
vity of 5-FU was demonstrated toward S. aure-
us strains ATCC 4163 and S. aureus
ATCC 25923, two times lower activity of 5-FU
was found toward S. aureus ATCC 6538,
S. aureus ATCC 29213, hospital isolates
S. aureus 452/11, S. aureus 456/11, S. aureus
514/11, S. aureus 572/12, S. aureus 573/12,
S. aureus 585/12, S. aureus 586/12 and four
times lower activity was shown toward S. aure-
us 462/11, S. aureus 522/12 and S. aureus
537/12 [5]. Other authors found that 5-FU
inhibits S. aureus ATCC 6538P with MIC
value of 9.4 mg/L [9]. Previous studies demon-
strated that 5-FU possesses high inhibitory
activity toward C. neoformans 98.0176
(MIC = 0.008 mg/L), C. neoformans 18476
(MIC = 0.25 mg/L), C. neoformans 550
(MIC = 0.5 mg/L), moderate inhibitory activity
toward C. neoformans 285 (MIC = 4 mg/L),
C. neoformans 99.1026 (MIC = 8 mg/L),
C. neoformans 98.0673 (MIC = 16 mg/L) and
low inhibitory activity toward C. neoformans
98.1121 (MIC = 256 mg/L), C. neoformans
276 (MIC = 256 mg/L), C. neoformans 280

(MIC = 256 mg/L) and C. neoformans 533
(MIC =256 mg/L) [8].

Earlier, Ueda et al. demonstrated that 5-FU
at 10 pM concentration inhibits the biofilm
formation of P. aeruginosa PA14 and at higher
concentration (25 uM) also inhibits bacterial
growth in planktonic cultures [18]. In our ex-
periments, P. aeruginosa ATCC 27853 is con-
sidered to be resistant to 5-FU (MIC > 32 mg/L).

There are several literature data concerning
the activity of 5-FU toward different strains of
C. albicans. Steinfeld ef al. demonstrated that
5-FU inhibits C. albicans WD 18-4 with MIC
value of 2.5 mg/L, while C. albicans 1-V is
resistant to 5-FU (MIC > 20 mg/L) [6]. Other
authors have shown that 5-FU efficiently in-
hibits the growth of C. albicans BC759 (MIC =
= 1.0 mg/L), C. albicans B311 (MIC =
= 4.0 mg/L) and C. albicans 3153A (MIC =
= 1.0 mg/L) [7] while in our experiments C. al-
bicans ATCC 90028 is completely resistant
to 5-FU.

Conclusion

Therefore, the tests performed have clearly
shown that 5-FU significantly inhibits the
growth of methicillin-resistant S. aureus
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ATCC 43300 and C. neoformans ATCC 208821.
P. aeruginosa ATCC27853, K. pneumonia
ATCC 700603 and C. albicans ATCC 90028
were shown to be resistant to 5-FU wheares
A. baumanii ATCC 19606 and E. coli
ATCC 25922 are intermediate. These results
suggest that the anticancer drug 5-FU could
be considered for anti-infective therapy of
MRSA infections and cryptococcosis.
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Hogi anTuMikpoOHi BiacTuBOCTI S-pTopypanuiy

JI. B. [InernrpoBa, I'. I1. Bonuneus, H. O. Kauamnyr,
T. I. Matona, 1. O. Tepauii, O. O. Komman,
B. I. Martomok, B. I'. Bmxona, C. M. Spmodtok

Mera. JlocmiauTi mpoTUMIKpOOHY aKTHBHICTH S-propy-
pammTy Mmoo ITSATH INTaMiB IMATOTEHHUX OakTepiii:
Escherichia coli ATCC 25922, Klebsiella pneumoniae
ATCC 700603, Acinetobacter baumannii ATCC 19606,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus

aureus ATCC 433 i mBox mrramiB rpubiB: Candida albicans
ATCC 90028 Tta Cryptococcus neoformans ATCC 208821.
Metomu. [TpoTHMIKpPOOHY aKTHUBHICTH S-(hTOpyparry
JIOCII/DKYBaJTd METOAOM CEpifHUX MIKPOpPO3BEACHB.
PesyabsTaTtu. Bysio BcraHOBiIEHO, 110 5S-G TOpypari 3Ha-
YHHM YHMHOM IHTIOy€ PICT METHIHJIIH-PE3UCTEHTHOIO
mramy S. aureus ATCC 43300 ta C. neoformans
ATCC 208821 (MIC < 0.25 wmr/m), Tomi SIK IITaMu
A. baumanii ATCC 19606 Ta E. coli ATCC 25922 npu-
THiuye 13 cepeanboro edexrusHicTio (MIC = 16 mr/m).
P aeruginosa ATCC27853, K. pneumonia ATCC 700603
i C. albicans ATCC90028 BUSBHIHCS PE3UCTEHTHUMH 10
5-propyparmry (MIC > 32 mr/m). BuchoBku. OtprMani
pe3yBTaTH CBimYaTh mpo Te, Mo S-(Topyparr Moxe
OyTH TIEpCIIEKTUBHUM TIPENapaTroM s JTiKyBaHHS iH(peK-
LIMHNX 3aXBOPIOBAHb, BUKIMKAHUX METHUIMIIIH-PE3UCTEHT-
HuM mTamoM S. aureus ATCC 43300 Tta C. neoformans
ATCC 208821.

Kaw4yoBi cuoBa: S5-propypamm, aHTHOAKTEpiaIbHA
aKTHBHICTB, IPOTUTPUOKOBA aKTHBHICTB.
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