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HE RESULTS showed that all the studied bacterial isolates had multiple resistance to the

studied antibiotics before treatment with (5-FU). The current study aimed to investigate the
curing activity of the anti-cancer drug (5-FU) and its effect on bacterial resistance to antibiotics.
the results of the current study showed variation in plasmid content between different isolates
(Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli). The results showed that all
of'the studied isolates lost their plasmids completely after treatment with sub-MIC concentration
of the drug (5-FU). However, treatment with (5-FU) resulted in the loss of resistance of all
isolates to the antibiotics to which they were resistant before treatment, the antibiotics (AM,
ATM, FEP) became more affecting after treatment with the drug against S. aureus and (PRL,
FEP, MEM, CIP) against P. aruogenosa compared with the rest of the antibiotics studied. It was
concluded in the current study that the anti-cancer drug (5-FU) demonstrated a distinct plasmid
curing ability and had a strong effect on the removal of bacterial resistance to antibiotics,
which opens the way for the use of this drug in combination with antibiotics as therapeutic
combination against the multidrug resistant pathogenic bacteria which may require conducting
additional experiments to investigate the activity of this therapeutic combination.
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Introduction the survival of these bacteria, and because they
are small in size, they usually contain only a
small number of genes with a specific function
[3]. Antibiotic resistance plasmids and virulence
plasmids pose a real threat to global health, so it
is necessary to use different methods to remove
plasmids, including the use of chemicals in

specific concentrations [4].

In recent years, due to the dramatic increase and
global spread of bacterial resistance to several of
commonly used antibacterial agents, studies have
been directed to investigating new therapeutic
alternatives that are effective against antibiotic-
resistant bacteria [1]. Drugs other than antibiotics
act in many different ways on the growth of
microbes. They may have direct antimicrobial
activity, increase the activity of antibiotics when
co-administered, or alter the pathogenicity of

Many drugs other than antibiotics, such as
cancer drugs, can have antimicrobial properties,
but their effect on bacteria in the context of

microorganisms. In an era in which it is becoming
increasingly difficult to find new antimicrobial
drugs, it is important to understand these
antimicrobial effects and their potential clinical
implications [2].

Bacterial plasmids play an essential role in
the transfer and spread of antibiotic resistance
genes. Plasmids also contain genes that enhance

infection and drug resistance has only recently
begun to be explored [5]. 5-Fluorouracil (5-FU)
is one of the most widely used antimetabolic
chemotherapy agents in recent decades. It has
been used as a first-line antineoplastic agent in
the treatment of several types of cancer [6]. 5-FU
exerts its anti-tumor action mainly by inhibiting
the enzyme thymidylate synthase, which leads to

*Corresponding author: Raed Ali Muhammad, E-mail: raeedali293@gmail.com Tel.: +964 770 637 2452

(Received 15/02/2024, accepted 01/04/2024)
DOI: 10.21608/EJVS.2024.270546.1852

©2025 National Information and Documentation Center (NIDOC)



638 RAED A. MUHAMMAD AND MUHSIN A. ESSA

the destruction of the pool of DNA nucleotides
required for DNA replication inside cells. Another
activity includes integration into RNA, which
leads to the inactivation of its synthesis [7]. This
study considers the first study used this drug to
determine its role in plasmid curing and reducing
the bacterial resistance. the current study aims to
detect the curing activity of the anti-cancer drug
(5-FU) and thus its effect on bacterial resistance
to antibiotics.

Material and Methods

Bacterial isolates

Nine bacterial isolates were used in this study,
3 isolates for each type of studied bacteria (P
aeruginosa, S. aureus, E. coli). which previously
isolated and diagnosed from Clinical sources in
the Department of biology /College of Science/
University of Mosul, Iraq.

Antibiotics sensitivity test

The antibiotic discs were used in the current
study supplied by (Bioanalyse/Turkey). The
following antibiotics were used against S. aureus
:Azithromycin (AZM) 15pg/disc, Gentamicin
(CN)10pg/disc, Tobramycin (TOB)10ng/
disc, Levofloxacine (LEV) 5pg/disc, Cefixime
(CFM)5pg/disc, Aztreonam (ATM) 30pg/ disc,
Meropenem (MEM)10pg/disc, Imipenem (IPM)
10pg/disc, Ampicillin(AM) 25pg/disc, Cefepime
(FEP) 10pg/disc, Ceftazidime(CAZ) 30ug/disc
Ciprofloxacin(CIP) 10pug/disc. While the fallowing
antibiotic were used against Paeruginosa
(Amickacin(AK) 10pug/disc, Tobramycin
(TOB)10pg/disc, Aztreonam (ATM)30pg/disc,
Cefepime(FEP) 10pg/disc, Ciprofloxacin(CIP)
10pg/disc Ceftazidime(CAZ) 30ug/disc,
Meropenem (MEM)10pg/disc, Imipenem
(IPM) 10pg/disc, Piperacillin(PRL)100pg/disc
Ceftriaxone(CRO)  10pg/disc, Rifampin(RA)
Spg/disc, Levofloxacine (LEV) Spg/disc.

The Disc diffusion modified Kirby-Bauer
method on Mueller-Hinton agar medium was
used in this study. The Clinical and Laboratory
Standards Institute (CLSI) guidelines are used for
interpretative the results [9].

Estimation of the plasmid DNA content

The plasmid content of the studied bacteria
was estimated before and after treatment with
the anti-cancer drug (5-FU) by using Promega
PureYield™ Plasmid Miniprep System Kkit, the
DNA plasmid was extracted and performing
electrophoresis on an agarose gel ata concentration
of 1.5% and a voltage difference of 80 volts for
half an hour according to the method of [8].
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Determination of the minimum ansubminimum
inhibitory concentration of the drug (5-FU)

Th drug 5-Fluorouracil(5-FU)50mg/ml (Onko/
Turkey), was obtained from local pharmacies
in Mosul city. The method [10] was adopted to
prepare MIC and Sub-MIC by preparing serial
dilutions (50, 25, 12.5, 6.25, 3.125 mg/ml) of
the drug (5-FU) using distilled water. the (MIC)
was determined as the lowest concentration of
the inhibitory concentration at which the medium
appears clear without turbidity. The (MIC) and
(Sub-MIC) concentrations were confirmed by
inoculating Mueller-Hinton solid medium with
bacterial growth at these concentrations. The sub-
MIC concentration showed clear growth while
the MIC concentration did not show any bacterial
growth.

Detection the effect of (5-FU) on antibiotics
resistance and bacterial plasmid curing action:

The studied bacteria growing within the Sub-
MIC concentration were re-tested for sensitivity
to antibiotics and their plasmid content after
treatment with the drug[8,9], to reveal the effect
of the treatment on their resistance to antibiotics
and their plasmid content.

Results

The results of the antibiotic sensitivity test
showed that all the studied bacterial isolates
showed multiple resistance to most the studied
antibiotics before treatment with (5-FU).

The result of detecting the plasmid content
of the bacterial isolates before treatment with the
drug (5-FU) showed that P. aeruginosal and P.
aeruginosa3 contain only one plasmid band, and
P aeruginosa?2 contain two plasmid bands, and
also S.aureus! and S. aureus3 contain one plasmid
band, while S.aureus2 and all E.coli isolates did
not contain any plasmid band, as shown in Table
1 and Fig. 1

P: Paeruginosa, E: E.coli, S: S.aureus isolates.
TABLE 1. Plasmid content of the studied bacterial

isolates
Isolates No. of plasmid bands

Paeruginosa P1
Paeruginosa P2
Paeruginosa P3
E.coli E1

E.coli E2
E.coli E3
S.aureus S1
S.aureus S2
S.aureus S3
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Fig. 1. Plasmid content of the studied bacterial iso-
lates on agarose gel at a concentration of
1.5% and a voltage difference of 80 volts for
half an hour.

The results of determine (MIC) and (SubMIC)
of the anti-cancer drug (5-FU) against the
studied isolates showed that the value of the
MIC and SubMIC were the same for all isolates,
with a concentration of 12.5 and 6.25 mg/ml,
respectively.

The treatment with (5-FU) resulted in the
loss of resistance of all isolates to the antibiotics
to which they were resistant before treatment,
the antibiotics (AM,ATM,FEP) became more
affecting after treatment with the drug against
S.aureus and the antibiotics (PRL, FEP, MEM,
CIP) against Paruogenosa compared with the rest
of the antibiotics studied. The Table 2 showed the
results of the antibiotic sensitivity test before and
after treatment with the drug (5-FU).

Table 3 and Fig. 2 showed the results of
investigating the plasmid content of the studied
isolates after treatment with the drug (5-FU). The
results showed that all of the studied isolates lost
their plasmids completely.

TABLE 2. Sensitivity of the studied isolates to antibiotics before and after treatment with anticancer drug (5-FU)

(inhibition diameter in mm)

Antibiotics

AM FEB AZM CIp MEM ATM TOB CN LEV IPM CAZ CFM
B (*)R R(0) R(13) 1(17) S(29) R (0) S(20) S(19) I(16) S(20) R(©9) R(0)
S.aureus S1
A S(24) S(27) S(23) S(37) S(32) S(28) S(27) S(26) S(24) S(28) S(21) S(19)
Antibiotics
Isolates
PRL FEB CRO CIP MEM ATM TOB AK LEV IPM CAZ RA
B ()R ()R R(8) R(8) (*)R R(14 (*)R (*)R (*)R R(13  S(20) 9R
Paeruginosa P2
A S(32) S(29) S(28) S(38) S(35) S(30) S(25) S(18) S(227) S(32) S(37)  R(16)
B (1R (1R (MR (DR (DR (IR (R (1R ()R (DR (DR (R
Paeruginosa P3
A S(28) S(27) S(30) S(38) S(36) 1(16) S(23) 1(15) S(30) S(27) S(22)  R(15)

TABLE 3. Plasmid content of the studied bacterial
isolates after treatment with (5-FU).

NO. of plasmid bands

Isolates

B A
Paeruginosa P2 2 0
Paeruginosa P3 1 0
S.aureus S1 1 0

Before(B): After(A)

Fig. 2. Plasmid content of the studied bacterial
isolates after treatment with (5-FU) on
agarose gel at a concentration of 1.5% and a

voltage difference of 80 volts for half an hour.
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Discussion

The results of the current study showed
variation in plasmid content between different
isolates and sometimes between isolates of the
same bacterial species , this variation in plasmid
content may be due to the difference in both the
source and geographical location of the isolate
of the studied bacteria, as many factors play a
role in the presence and transmission of plasmids
in different bacterial species, as these plasmids
are transmitted between different bacterial
species and genera utilizing conjugation between
bacterial cells [11]. Some multidrug-resistant
bacteria contain plasmids of various molecular
weights, while others do not contain plasmids,
indicating that the latter’s resistance was
chromosomally carried [12]. This is consistent
with the fact that some multidrug-resistant
isolates had a single plasmid band during
electrophoresis. While others did not contain
plasmids, although all were multidrug resistant
[13].

The results of determining the MIC and sub-
MIC concentration of the drug (5-FU) showed
that the values of these concentrations were
similar for all the isolates studied, which reflects
similar ability and mechanism of effect of this
drug against these different isolates. The using
of sub-MIC concentration of antibacterial agents
aims to characterize the bacterial response that
has been stimulated and allow cells to grow and
survive [14].

Results of detection the plasmid content
of the studied bacteria after treatment with the
anti-cancer drug (5-FU) , showed that all of the
studied isolates lost their plasmids completely,
which reflects a very high activity in curing and
removing plasmids. The loss of resistance of the
studied bacterial isolates to antibiotics that were
resistant to them before treatment with the drug
(5-FU) revealed the extent of the effect of this
drug on the various mechanisms through which
bacteria can resist antibiotics, the most important
of which is its effect on their plasmids [15].

It is clear from these results that antibiotic
resistance genes may be carried on plasmids, and
with the loss of plasmids, these bacteria lost their
resistance to antibiotics. Several previous studies
are consistent with our findings regarding loss of
antibiotic resistance by loss of plasmids [16].
However, the phenomenon of plasmids curing
may sometimes be insufficient to eliminate
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resistance, but it contributes to reduce the
problem of bacterial resistance to antibiotics.

In our current study, the drug (5-FU)
demonstrated a distinct ability to curing plasmids
and had a strong effect on the resistance of Gram-
positive and negative bacteria to antibiotics,
which opens the way for the use of this drug in
combination with antibiotics to remove resistance
to these antibiotics. It is certain that the formation
of such a therapeutic combination against the
pathogenic bacteria that cause various infections
requires conducting additional experiments,
especially In-vivo, to investigate the activity of
this therapeutic combination, according to our
knowledge and research the current study consider
the first study used this drug to determine its role
in plasmid curing and reducing the bacterial
resistance
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