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Introduction: Antimicrobial resistance (AMR) is a global issue that needs addressing. While antibiotic steward-
ship has improved often by restricting antibiotic use, some antibiotics that are still sold legally over the counter
(OTC), notably in sore throat medications. Recent findings suggest OTC antibiotics could trigger cross-resistance
to antibiotics used in clinical treatments, whether systemic or topical. Here we investigated the impact of three
antibiotics contained in OTC sore throat medicines on emerging AMR in vitro.

Methods: Bacterial pathogens were exposed to a bactericidal concentration of an aminoglycoside in the pres-
ence or absence of a during-use concentration of bacitracin, gramicidin or tyrothricin in a time-kill assay.
Damage to the bacterial membrane was also investigated by measuring potassium leakage and membrane po-
tential alteration post-OTC antibiotic exposure.

Results: Gramicidin (15 pg/mL) significantly decreased the bactericidal activity of amikacin, tobramycin or gentami-
cinin Acinetobacter baumannii. It also decreased gentamicin bactericidal activity in Enterobacter cloacae, Escherichia
coli and Klebsiella pneumoniae, while tyrothricin decreased the aminoglycoside efficacy in E. cloacae and E. coli.
Gramicidin significantly decreased bacterial membrane potential and caused significant potassium leakage.

Conclusion: Gramicidin and to some extent tyrothricin impacted aminoglycoside efficacy by affecting mem-
brane potential, which is essential for aminoglycosides uptake. Thus, some OTC antibiotics can interfere with
aminoglycoside activity, which could in turn affect treatment efficacy. Although the likelihood of OTC antibiotics
and aminoglycosides being used at the same time might not be common, this research highlights one potential

reason for OTC antibiotics’ usage to result in treatment failure and their contribution to AMR development.

Introduction

Antimicrobial resistance (AMR) has become one of the world’s
major health issues and needs to be addressed urgently as,
without intervention, the death rate could increase to 10 million
deaths annually by 2050.! It is estimated that AMR is the cause
of death of 33000 people annually at a cost of €1.5 billion in
Europe.” This is mainly attributed to both misuse and overuse
of antibiotics.®> To combat emerging AMR, a raft of measures
should be implemented,’ including better antibiotic steward-
ship.>* Among bacterial pathogens, the ESKAPE pathogens
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas aeruginosa
and Enterobacter spp.) are of particular concern having been
identified as critical multidrug-resistant bacteria for which ef-
fective treatments are rapidly needed.” One area in which anti-
biotic stewardship needs to be improved is the use of

antibiotic-containing medications to treat sore throats.® A sore
throat is one of the most common ailments seen by community
pharmacists and is often self-limiting.” Up to 80% of acute sore
throats are of viral aetiology and therefore in most cases, anti-
biotic treatment is not needed to alleviate patients of their
sore throat.® In other cases where antibiotics are required, this
is recommended to be done via prescription rather than an
OTC lozenge.

There are currently five antibiotics that have the WHO ana-
tomical therapeutic classification (ATC) as antibiotics for use in
OTC sore throat medications worldwide; bacitracin, fusafungine,
gramicidin, neomycin and tyrothricin.® Fusafungine was banned
in Europe in 2016 due to safety concerns, the risk of promoting
antibiotic resistance and lack of evidence of therapeutic benefit.”
The other four antibiotics are used for sore throat medications
and also for other applications such as topical creams for skin in-
fections or rectal ointments.*°
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Tyrothricin is a mixture of polypeptides isolated from the soil
organism Bacillus brevis and consists of ~50%-70% tyrocidines
and 25%-50% gramicidins.** The tyrocidines are basic cyclic pep-
tides while the gramicidins are neutral linear peptides. Gramicidin
is a polypeptide antibiotic that was discovered in the soil dwelling
organism Brevibacillus brevis.** Gramicidin is also an AMP that is
neutral and linear and can be classed as an ionophoric antibiot-
ic.'® Bacitracin was first isolated from Bacillus subtilis and is a
polypeptide antibiotic that inhibits peptidoglycan synthesis.™*

Whereas previous literature has claimed that resistance does
not develop to these antibiotics,® recent literature demonstrated
that exposure of organisms to these OTC antibiotics can cause the
development of cross-resistance to clinical antibiotics such as cipro-
floxacin, fusidic acid, beta-lactams and aminoglycosides.*® An art-
icle by Short et al. demonstrated how benzalkonium chloride (BZK)
can depolarize bacterial membranes thus effecting the uptake of
aminoglycosides into bacterial cells and stop them from exerting
their bactericidal effect.’” This also led to the conclusion that this
antibiotic antagonism could compromise aminoglycoside treat-
ment and promote the evolution of resistance. We hypothesize
that OTC antibiotics, particularly gramicidin and tyrothricin, could
have the same effects. It is known that these antibiotics have a
strong bactericidal activity against Gram-positive bacteria as a re-
sult of the formation of pores and the rapid depolarization of cell
membranes.’* These antibiotics have little to no efficacy in
Gram-negative bacteria but could still interact with the cell.

This study aims to evaluate the impact of OTC antibiotics on
the efficacy of topical or systemic aminoglycoside antibiotics in
a range of bacteria and to investigate the mechanisms of poten-
tial antibiotic antagonism.

Methods and materials

Bacterial strains, culture conditions and antibiotic stock
preparation

The bacterial strains used for testing were culture collection strains and
included Acinetobacter baumannii Bouvet and Grimont ATCC 19568,
Enterobacter cloacae ATCC 13047 (spinal fluid isolate), Escherichia coli
ATCC 25922 (CLSI control strain for antimicrobial susceptibility testing)
and Klebsiella pneumoniae ATCC 13883 (strain for antimicrobial preserva-
tive testing and bioresistance testing). These bacterial species are part of
the ESKAPE pathogens that cause significant clinical challenges.®

Liquid bacterial cultures were grown at 37°C under shaking at 120 rpm
overnight in cation-adjusted Muller-Hinton broth (MHB) for testing. For
routine maintenance, bacteria were grown on tryptone soya agar (TSA)
overnight at 37°C and stored at 4°C. Aminoglycosides (amikacin, genta-
micin, tobramycin) used in this study were selected because they are
the main agents in this drug class used as systemic treatment in clinical
practice.’® Aminoglycoside stock solutions (1 mg/mL) and bacitracin
stock solution (250 IU/mL) in deionized sterile water were filtered steri-
lized using a 0.22 um nitrocellulose filter. Gramicidin and tyrothricin
stock solutions were dissolved in methanol at a concentration of 750
and 10000 pg/mL, respectively. These stocks were not filter sterilized
as this affects antibiotic efficacy, but sterility of the solutions was checked
by plating an aliquot of the stocks on TSA plates. All antibiotic stocks were
kept in the dark at 4°C for a maximum of 4 weeks.

Measurement of minimum inhibitory concentration (MIC)

Aminoglycoside MIC were determined using a standard microbroth-
dilution test.?® Aminoglycoside stock solutions were serially diluted

Table 1. Concentration of aminoglycosides used for each co-exposure
assay. This corresponded to twice the MIC

MIC Final concentration
Organism Antibiotic (ng/mL) (ng/mL)
A. baumannii Amikacin 1 2
Gentamicin 1 2
Tobramycin 1 2
E. cloacae Gentamicin 2 4
E. coli Gentamicin 2 4
K. pneumoniae Gentamicin 1 2

2-fold in sterile deionized water to give a final concentration range of
0.25-128 ug/mL. Bacterial test inocula were prepared in MHB to give a fi-
nal concentration of 5x10° cfu/mL.

Co-exposure time-kill assay

The co-exposure assay was based on the time to kill assay from Short
et al.'” Overnight liquid bacterial cultures (5 mL) were pelleted by centri-
fugation at 3000g for 10 minutes and resuspended in 5 mL of phosphate
buffered saline (PBS). One hundred microlitres of washed culture was
then added to 5 mL of MHB and incubated at 37°C, shaking at 120 rpm
for 2 hours. After incubation, the aminoglycosides were added to the bac-
terial test suspension; the concentration used depended on the amino-
glycoside and the bacterial species (Table 1).

One hundred microlitres of the OTC antibiotic stocks were also added
to the test suspension to give the following final concentrations: gramici-
din 15 pg/mL, tyrothricin 200 pg/mL and bacitracin 5 IU/mL. These
during-use concentrations were determined by using the largest amount
of OTC antibiotic in any one product (sore throat lozenge) within Europe
and the documented average amount of saliva products that dissolved
init. When an antibiotic lozenge is used, instructions are to slowly dissolve
it in the mouth, which should take ~30 minutes.?! The average person
produces between 0.5 and 1.5 L of saliva per day, therefore an approxi-
mate amount of saliva produced in 30 minutes is 20 mL.?? Negative con-
trols contained only aminoglycoside and positive control consisted of
aminoglycosides co-exposed with BZK (4 ug/mL), a well-described mem-
brane active antiseptic that has previously been shown to compromise
aminoglycoside activity.!” After the addition of antibiotics, bacterial con-
centration was immediately evaluated by taking 20 pl from the test sus-
pension and drop counting on TSA using the Miles and Misra method
following serial dilution in PBS. The test suspensions were then incubated
at 37°C, under shaking at 120 rpm for 3 hours. After incubation, bacterial
concentration was enumerated as described before. All TSA plates were
incubated at 37°C overnight. Colonies in each drop were counted and
the average was taken. The final colony forming units per millilitre was
calculated and log;e reduction at 3 hours was compared with the
controls.

Membrane potential assay

To measure the change in membrane potential, the BacLight™ bacterial
membrane potential kit was used. Unlike the commonly used BacLight™
viability kit, which measures membrane integrity, the BacLight™ bacter-
ial membrane potential kit uses a fluorescent dye DiOC2(3)
(3,3’-diethyloxacarbocyanine iodide) to measure bacterial membrane
potential. A. baumannii was used to measure the effects of OTC antibio-
tics on bacterial membrane potential due to technical difficulties of
Enterobacteriaceae not interacting with the fluorescent dye. Five millili-
tres of overnight cultures of A. baumannii were pelleted by centrifugation
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Figure 1. Bactericidal efficacy of aminoglycoside co-exposed OTC antibiotics in A. baumannii. (@) A. baumannii treated with amikacin (2 pg/mL) for
3 hours. There was a significant difference in logyo reduction when co-exposed with BZK (4 pg/mL; P<0.0001) or gramicidin (15 pg/mL; P<
0.0001). When co-exposed to bacitracin (5 IU/mL) the difference in bactericidal efficacy to amikacin alone was not significant (P>0.9999). (b) A. bau-
mannii treated with tobramycin (2 pg/mL) for 3 hours. Tobramycin efficacy was significantly reduced when co-exposed to either BZK (4 pg/mL; P=
0.0401) or gramicidin (15 pg/mL; P=0.0004) but not with bacitracin (5 IU/mL; P=0.2085). (c) A. baumannii treated with gentamicin (2 pg/mL) for
3 hours. Gentamicin bactericidal efficacy was significantly decreased when exposed to BZK (4 ug/mL; P<0.0001) or gramicidin (15 pg/mL; P<
0.0001) but not with bacitracin (5 IU/mL; P=0.5136). ns, not significant (P>0.05), *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 (raw data are avail-
able in Table S1a-c, available as Supplementary data at JAC Online). This figure appears in colour in the online version of JAC and in black and white in

the print version of JAC.

at 3000g for 10 min and resuspended in 5 ml of MHB. The bacterial sus-
pension was adjusted to a cell density of ~108 cfu/mL in MHB. One hun-
dred microlitres of gramicidin (750 pg/mL) and bacitracin (250 IU/mL)
stocks were added to 5 mL of adjusted cell suspension to give final con-
centrations of 15 ug/mL and 5 IU/mL, respectively. A negative control
(polarized cells) consisting of no antibiotic treatment was used. A solvent
control, cells treated with methanol, was also added. Suspensions were
incubated for 3 hours at 37°C under shaking at 120 rpm. After incubation,
cultures were diluted 100-fold in PBS to give an approximate cell density
of 10° cfu/mL. One millilitre of suspension was aliquoted to a flow cyto-
metry tube from the antibiotic exposed and untreated tubes. Two add-
itional flow cytometry tubes were aliquoted from the untreated sample
for the unstained and positive (depolarized) controls. To the positive con-
trol tube, 10 pL of 500 uM CCCP (carbonyl cyanide 3-chlorophenylhydra-
zone) was added and mixed for 10seconds to give a final
concentration of 5 uM CCCP. To each flow cytometry tube, except the un-
stained control, 10 uL of 3 mM DiOC2(3) was added and incubated for
30 min at room temperature before analysing by flow cytometry.
Samples were analysed using a BD LSR Fortessa flow cytometer. The
channels used for detecting the green and red fluorescence were the
FITC-A and PE-Texas Red-A channels, respectively. The forward and side
scatter of the flow cytometer was adjusted using the unstained cells to
determine the gating for the bacterial population. In total, each sample
had 10000 events recorded. The mean red and green fluorescence was

recorded and compared between samples to determine the change in
membrane potential.

Potassium leakage

A. baumannii was grown overnightin 5 mL of MHB at 37°C, under shaking
at 120 rpm. The culture was then washed three times in deionised sterile
water by centrifuging at 3000g. One hundred microlitres of triple-washed
culture were added to 5 mL of deionised sterile water. One hundred micro-
litres of gramicidin and bacitracin were then added to give final concentra-
tions of 15 ug/mL and 5 IU/mL, respectively. Negative controls consisting
of water or methanol and a positive control consisting of cells treated with
4 png/mL BZK were used. Samples were incubated statically at room tem-
perature for 3 hours. Afterincubation, the cultures were filtered into sterile
tubes through a 0.22-pum nitrocellulose filter membrane. The potassiumin
each cell-free sample was measured using inductively coupled plasma
spectrometry and concentrations were compared between samples to
determine leaked potassium.

Statistical analysis

All experiments were conducted in biological triplicate. Statistical signifi-
cance was determined by one-way ANOVA followed by Tukey’s post hoc
test on the data using GraphPad Prism (GraphPad Prism version 9.5.1. for
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Figure 2. Bactericidal efficacy of aminoglycoside co-exposed OTC antibiotics in Enterobacteriaceae. (a) E. cloacae treated with gentamicin for 3 hours.
Co-exposed to gramicidin or tyrothricin significantly decreased gentamicin efficacy when compared to gentamicin treatment alone (P=0.0002 and
P=0.0074 respectively). (b) E. coli cultures treated with gentamicin for 3 hours. There was a significant decrease in gentamicin efficacy when cultures
were co-exposed to BZK (P=0.0217), gramicidin (P<0.0001) or tyrothricin (P=0.0001). (c) K. pneumoniae treated with gentamicin for 3 hours.
Co-exposure to gramicidin significantly decreased efficacy when compared to gentamicin alone (P=0.0172). ns, not significant (P> 0.05), *P<0.05,
**p<0.01, **P<0.001, ****P<0.0001 (raw data available in Table S2a-c). This figure appears in colour in the online version of JAC and in black and

white in the print version of JAC.

Windows).%* Time-kill experimental data were log-transformed before
analysis.

Results

Aminoglycoside MICs for the different test bacteria are reported
in Table 1.

Gramicidin and BZK protect A. baumannii
against aminoglycoside

Amikacin (2 pg/mL) was strongly bactericidal (4.20+0.14 log
reduction in cfu/mL) against A. baumannii after 3 hours exposure
(Figure 1a), but when co-exposed with either BZK (4 pg/mL) or
gramicidin (15 pg/mL), its bactericidal activity significantly (P<
0.0001) decreased to 2.63+0.19 log;ocfu/mL with BZK and
1.33+0.09 log;o cfu/mL with gramicidin (Figure 1a). Similar re-
sults were observed with tobramycin (3.27 + 0.40 log; reduction
alone; Figure 1b) and gentamicin (2.96+0.44 logyo reduction
alone; Figure 1c), with a significant reduction in their bactericidal
efficacy when exposed to BZK (2.37 +0.35 log;o reduction (P=
0.401) for tobramycin (Figure 1b); —0.17 £0.01 logyo reduction
(P<0.0001) for gentamicin (Figure 1c), or gramicidin (1.35+
0.08 log;p reduction (P=0.0004) for tobramycin (Figure 1b);
0.91+0.09logyg reduction (P<0.0001) for gentamicin

(Figure 1c¢). By contrast, bacitracin (5 IU/mL) did not reduce the
bactericidal efficacy of any of the aminoglycosides (Figure 1).

OTC antibiotics and BKC can protect some ESKAPE
Enterobacteriaceae against gentamicin

Gentamicin at the concentrations tested (Table 1) was confirmed
to be bactericidal after 3 hours exposure against E. cloacae (2.71
+0.19 log;o reduction), E. coli (2.53+0.06 logyo reduction) and
K. pneumoniae (4.82 +£0.11 logy reduction) (Figure 2).

BZK (4 pg/mL) did not affect the bactericidal efficacy of
gentamicin (2.67+0.46 logyo reduction; P=0.9998) in E. clo-
acae (Figure 2a). Gentamicin co-exposure to gramicidin
(15 pg/mL) or tyrothricin (200 pg/mL) significantly reduced
the efficacy of the aminoglycoside (0.70+0.22 logyo reduction
with gramicidin and 1.47 +0.20 logyo reduction with tyrothricin,
Figure 2a).

In E. coli, co-exposure to BZK (4 pg/mL), gramicidin (15 pg/mL)
or tyrothricin (200 pg/mL) negatively affected the efficacy of
gentamicin (1.93+0.18 log;o reduction (P=0.0271) with BZC;
1.26+0.13 logyp reduction (P<0.0001) with gramicidin; 1.47 +
0.20 log; o reduction (P=0.225; Figure 2b). By contrast, the com-
bination of gentamicin with bacitracin significantly contributed to
an increased bactericidal efficacy of the aminoglycoside (3.77 +
0.35 log; o reduction; P=0.0001) (Figure 2b).
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Figure 3. A. baumannii membrane potential following exposure to OTC
antibiotics. CCCP (5 pM) was used as a positive control. ns, not significant
(P>0.05), *P<0.05, **P<0.01, **P<0.001, **** P<0.0001. This figure ap-
pears in colour in the online version of JAC and in black and white in the
print version of JAC.

In K. pneumoniae, co-exposure data were different (Figure 2c).
Only the combination of gentamicin (2 pg/mL) with gramicidin
(15 pg/mL) significantly decreased the efficacy of the aminogly-
coside (3.07+0.53logyo reduction; P=0.0172) (Figure 2c).
Co-exposure of gentamicin with BZK (4 pg/mL, bacitracin (5 1U/
mL) or tyrothricin (200 pg/mL) did not result in statistically signifi-
cant changes in bactericidal activity (P=0.9913, P=0.9947, P=
0.9947, respectively).

Gramicidin and membrane potential

There was a change in cell membrane potential in A. baumannii
suspensions exposed to gramicidin (15 pg/mL) but not the cul-
tures exposed to bacitracin (5 IU/mL) after 3 hours of exposure.
When bacteria were not exposed to an antibiotic, their cell mem-
brane potential remained intact with an average of 91.90% +
3.20% of cells exhibiting red fluorescence (Figure 3). After expos-
ure to CCCP (5 puM) for 10 seconds, A. baumannii cell membrane
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Figure 4. Potassium concentration in solution following exposure to OTC
antibiotics in A. baumannii. ns, not significant (P> 0.05), *P<0.05, **P<
0.01, **P<0.001, ****P<0.0001. This figure appears in colour in the on-
line version of JAC and in black and white in the print version of JAC.

potential was supressed with treated cells having an average
red fluorescence of 1.66%+0.65% (P<0.0001). Cell membrane
potential was also lowered in cultures exposed to gramicidin
(15 pg/mL) with the average red fluorescence being 63.20% +
3.62% (P<0.0001). By contrast, cells’ exposure to bacitracin
(5IU/mL) did not significantly decrease the mean red fluores-
cence (90.47% +0.70%; P=0.8890).

Gramicidin and BZK cause potassium to leak from
bacteria

When bacteria were not exposed to antibiotics, potassium con-
centration in solution was 45.95+6.16 pg/L (Figure 4). Exposure
of A. baumannii to BZK (control) and gramicidin (15 pg/mL) led
to a significant leakage in potassium (102.70+38.02 ug/L (P=
0.0074) with BZK and 82.83+1.30ug/L (P=0.0493) with

50f8

20 JOqWIBAON Z| UO Josn pieog UjiesH ANSISAIUN B[eA PUE JIPIeD Sejep SHN AQ £/88782/9/€9B3P/OBI/EE0L 0 1/10p/a[oILE-80UBADPE/OE]/W0D"dNO"DIWLSPESE//:SA)Y WOl PSPEOJUMOQ



Robertson et al.

(a) Aminoglycoside Only

(b) Aminoglycoside + Gramicidin
or Tyrothricin

Aminoglycoside kills
bacteria

Gramicidin or
Tyrothricin ‘protects’
bacteria

Figure 5. Mechanism of protection during co-exposure with gramicidin or tyrothricin. (a) When bacteria are exposed to only aminoglycosides, the po-
tassium homeostasis in maintained and the cells remain polarized. This allows aminoglycosides to enter bacteria and kill them. (b) When co-exposed
with either gramicidin or tyrothricin, the OTC antibiotics create pores in the bacterial membranes. This cause intracellular potassium to leak out and
therefore depolarizes cells. Aminoglycosides cannot enter depolarized cells and therefore the gramicidin or tyrothricin will ‘protect’ the bacteria from
aminoglycoside activity. The battery represents the bacterial membrane potential and the pill capsule represents aminoglycoside treatments. This
figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

gramicidin. Bacitracin (5 IU/mL) did not lead to the leakage of po-
tassium in solution (12.43 +6.09 pg/L; P=0.0684).

Discussion

Aminoglycosides inhibit protein synthesis by binding to the 30S
ribosome and therefore need to enter bacterial cells to be effect-
ive.?* Here we explored the bactericidal activity of amikacin, gen-
tamicin, tobramycin following co-exposure to some polypeptide
OTC antibiotics and the antiseptic BZC. Another OTC antibiotic,
neomycin,® which is also an aminoglycoside, was not studied in
the co-exposure effect, as it would be unlikely to affect the bac-
terial membrane. Also, neomycin (250 pg/mL) was found to in-
hibit the growth of E. cloacae (data not shown).

Aminoglycoside activity is dependent on the bacterial cell mem-
brane potential, as this potential is required for the aminoglycosides
to enter into cells.?® The cell membrane potential is often deter-
mined by the concentration of intracellular ions, in particular potas-
sium ions.”® Our results showed that in bacterial cells that have only
been treated with the aminoglycosides, potassium homeostasis is
maintained (Figure 4) and therefore the cell membrane potential re-
mains polarized (Figure 3), allowing aminoglycosides to enter cells
and exert their bactericidal effect (Figure 5a). However, cells co-
exposed with gramicidin led to potassium leakage (Figure 4) and
a decrease in red fluorescence. This indicates that the DIOC2(3) as-
sociates with cells less after gramicidin treatment as the bacterial
membranes are being depolarized (Figure 3). This prevents amino-
glycosides to enter bacterial cells and subsequently decreases the
aminoglycoside bactericidal efficacy (Figure 1), demonstrating a
‘protection’ effect (Figure 5b). Gramicidin acts as an ionophore
and therefore has similar effects to compounds such as indole.?’
Gramicidin forms channels across the cell membrane and disrupts

the ionic homeostasis resulting in membrane depolarization and
leakage of monovalent cations.?®

The explanation for the decreased aminoglycoside efficacy
when co-exposed to tyrothricin (Figures 1 and 2) is likely to be
similar to gramicidin. Tyrothricin is partly made from gramicidin
so has a similar mechanism of action, but it also contains another
antimicrobial peptide, tyrocidine. This mechanism of action is
currently disputed but is thought to work by binding of the bac-
terial cell membrane and embedding within it forming pores.?°

By contrast, bacitracin’s mechanism of action is to inhibit the
formation of the bacterial cell wall. This is done by the bacitracin
forming a complex with part of the bacterial cell wall,
C55-isoprenyl pyrophosphate®® with no impact on cell mem-
brane potential. This would explain co-exposure to bacitracin
has no impact on aminoglycoside efficacy (Figures 1 and 2).

The use of OTC antibiotics has been questioned for many years
due to safety concerns and lack of therapeutic benefit, with some
countries banning their use.® Our study indicates that OTC anti-
biotics such as gramicidin and tyrothricin have the potential to
antagonize aminoglycoside activity. Aminoglycosides are crucial
treatments used by clinicians for sometimes life-threatening in-
fections.®! At present, it remains to be shown that OTC antibiotics
and aminoglycosides can be present at the same time against
bacterial pathogens in a patient. Aminoglycosides are poorly ab-
sorbed orally and are therefore often administered by injection.**
However, there are instances where aminoglycosides are given
orally such as neomycin in the treatment of hepatic coma or pre-
operative sterilization or paromomycin in the treatment of para-
sitic infections. Aminoglycosides can also be given by inhalation,
such as the use of tobramycin in cystic fibrosis patients or liposo-
mal amikacin in the treatment of Mycobacterium avium com-
plex.®? In both these examples, these aminoglycosides could
potentially come into contact with OTC antibiotics. In addition,
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aminoglycosides are also used to treat external infections such
as eyes, wounds or ears. While it is unlikely that these antibiotics
will come into contact with aminoglycosides when contained in
sore throat medications, OTC antibiotics are used in other types
of medication such as topical skin preparations.'®

It has been suggested that OTC antibiotics do not directly
cause the development of AMR'! because they are antimicrobial
peptides, without a defined target site and strong bactericidal ac-
tion. Bacitracin has been documented to be effective against
Gram-positive bacteria only,® while gramicidin is active mostly
against Gram-positive but also against some Gram-negative or-
ganisms,** although reported gramicidin MIC for the test bac-
teria vary between studies.*®3*

A more recent study showed that these OTC antibiotics can eli-
cit responses that generate not resistance to the OTC antibiotics
themselves but cross-resistance to clinical antibiotics.’® Here,
we showed that gramicidin and tyrothricin can decrease signifi-
cantly the efficacy of aminoglycosides in Gram-negative bacteria
and provided an explanation as to the mechanism of antibiotic
antagonism.

Conclusion

This study highlights how the exposure of gramicidin and tyrothri-
cin caninterfere with the bactericidal activity of aminoglycosides.
Thisis due to the disturbance of the bacterial membrane potential
that is required for the uptake of aminoglycosides into bacteria. It
therefore needs to be considered whether other membrane ac-
tive agents, such as biocides or surfactants, could also ‘protect’
bacteria from aminoglycoside activity. This study raises some
concerns regarding the use of some OTC antibiotics in products
for sore throats and AMR, and suggests that a review of the ATC
classification for these products by the WHIO may be warranted.
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