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Abstract

The emergence of antimicrobial resistance (AMR) stimulated research for alternatives
antimicrobials, repurposing of other drugs, antibiotic adjuvants and alternative therapies for
infections. Antimicrobial activity of NSAIDs is often reported and this study evaluated the
antimicrobial potential of the two most common NSAIDs, aspirin (acetylsalicylic acid) and
paracetamol (acetaminophen), against 293 clinical strains of bacteria. The ability of aspirin and
paracetamol to convert minocycline and doxycyclin-resistant bacteria into sensitivity was also
tested using micro-broth dilution assays used for determining minimum inhibitory concentration
(MIC). Aspirin inhibited all 293 bacterial strains at <10.24 mg/ mL concentration. Except for one
strain each of Serratia grimaceae and S, aureus paracetamol inhibited none of the 293 strains at
10.24 mg/ mL. Of the 293 strains 116 (39.59%) were sensitive (MIC <4 pg/mL) to doxycycline
and 127 (43.34%) to minocycline. Of the selected 57 minocycline-resistant (MIC >4 png/mL)
strains aspirin converted 32 (56.14%) to minocycline-sensitive. Of the 49 doxycycline-resistant
(MIC >4 ng/mL) strains tested in presence of aspirin 30 (61.22%) turned sensitive. Of the 34
doxycycline-resistant strains tested in presence of paracetamol 11 (32.35%) become sensitive.
The study concluded that most of the bacterial strains were not susceptible to aspirin and
paracetamol at their concentrations often available in plasma at maximum therapeutic dose levels
and had no significant change in their susceptibility to doxycycline and minocycline. The study
indicated the potential of aspirin and its combination with antibiotics in the development of
therapeutically useful topical antimicrobial formulations.

Keywords: Antimicrobial resistance (AMR), Repurposing, NSAIDs, Synergy, Antibiotics,

Topical
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Introduction

The global emergence of antimicrobial drug resistance (AMR) even against drugs of the
latest classes and generations of antibiotics is a mind-boggling problem for microbiologists and
clinicians. Several alternative therapies have been suggested and tried for mitigating the problem
of AMR. Scientists have also thought of “Drug repurposing” which is the use of the pre-existing
approved drugs for their antimicrobial or antibiotic adjuvant properties (1). The synergism
between antibiotics and the repurposed drugs can minimize the therapeutic dose of antibiotics
and also the time and costs of the invention of a new drug and putting it for therapeutic use after
required approval (2). In the past numerous molecules of non-antibiotic nature earlier
acknowledged as anthelmintics, anticancer drugs, antipsychotics, antidepressant drugs,
antiplatelets and NSAIDs have been evaluated for their antimicrobial potential (3, 4). Some of
the cyclooxygenase inhibitory anti-inflammatory and antipyretic drugs (5) such as
acetaminophen (paracetamol), acetylsalicylic acid (aspirin), diclofenac and ibuprofen,
flurbiprofen and similar non-steroidal anti-inflammatory drugs (NSAIDs) almost consistently
used along with antimicrobial therapy have also been explored for their antimicrobial potential.
The most commonly used on-counter NSAIDs (aspirin and paracetamol) are known less for their
antibacterial activity in acceptable therapeutic dosages but are reported to enhance the
performance of antibiotics either through their synergistic antibacterial action with antibiotics (6-
9) or through reducing adherence, production of biofilm, and other virulence factors, and altering
antibiotic susceptibility of pathogens (4, 5).

For treatment of Coronavirus disease-2019 (COVID-19) two NSAIDs, aspirin (10) and
paracetamol (11) along with one or more antibiotics, mainly doxycycline (12) and minocycline

(13, 14) are commonly recommended as an adjunct in a COVID-19 treatment regimen. The
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present study was conducted to evaluate the in vitro effect of aspirin on antibacterial activity of

doxycycline and minocycline, and of paracetamol on antibacterial activity of doxycycline against

selected common potentially pathogenic bacterial strains to understand their interaction.

Materials and Methods

Bacterial isolates used in the study: Total 293 bacterial strains of 32 different genera isolated

earlier from clinical samples (Tab. 1) and available as glycerol stocks at Clinical Epidemiology

Laboratory of Division of Epidemiology, ICAR-Indian Veterinary Research Institutes, Izatnagar

were revived and checked for purity and identity (15) were sub-cultured on to nutrient agar

(BBL, Difco) slants till tested.

Determination of minimum inhibitory concentration (MIC) of NSAIDs and antibiotics: The

MIC was determined using the micro-broth dilution method in 96 well plates following the CLSI

(16, 17) guidelines.

Stock Solutions:

1. Aspirin (acetylsalicylic acid, Sigma Aldrich, USA) was dissolved in ethanol at a
concentration of 40.96 mg/ mL (4x) and stored at 4-8°C as stock solution till tested.

2. Paracetamol (acetaminophen, Sigma) was dissolved in dimethylsulfoxide (DMSO, Sigma) at
a concentration of 20.48 mg/ mL (2x) and stored at 4-8°C as stock solution till tested.

3. Doxycycline hydrochloride hemiethanolate hemihydrates (Sigma) was dissolve in sterile
distilled water to have 10.24 mg doxycyline / mL of solution (20x), filter sterilized using 0.2
micron syringe filter and stored at 4-8°C as stock solution till tested.

4. Minocycline (Sigma) was dissolved in sterile distilled water to have 20.48 mg doxycyline /
mL (20x), filter sterilized using 0.2 micron syringe filter and stored at 4-8°C as stock solution

till tested.
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93 Throughout the study for broth culture of bacteria and for determining MIC Mueller Hinton
94  broth (MHB) medium (BBL Difco) was used. For determining MIC, the test strain of bacteria
95  was grown in MHB at 37°C to the required period (6-8 h) to obtain culture density of about 0.5
96  ODsgg. Cultures were kept on ice till used for MIC testing within 24 h. For determining MIC
97 two-fold serial dilutions of the test compounds (aspirin and paracetamol starting from 10.24
98 mg/mL; doxycycline starting from 512 pg/ mL, minocycline starting from 1024 pg/ mL) were
99 made in MHB in 150uL in each of the 96 wells of sterile culture plates (Tarson India Ltd.). In 96
100  well plates having suitably diluted compound to be tested 1.5 puL of test culture was dispensed
101 aseptically in three rows of the test plate. Then 2™ culture was dispended in the next three rows
102  keeping one empty row as control (to check any contamination in testing). In each plate, for each
103  culture, one column was kept without any antimicrobial compound as positive (for bacterial
104  growth) control. The lid was applied on the plates and plates were incubated at 37°C for 24 h and
105  then growth (opacity) was read using a plate reader at 590nm. The last dilution with no readable
106  growth was recorded as the MIC of the test compound.
107  Determination of the effect of aspirin/ paracetamol on antimicrobial activity of doxycycline/
108  minocycline: The MIC of doxycycline/ minocycline in presence of aspirin/ paracetamol was
109  determined for selected bacterial strains using the similar microdilution method described above
110  for individual drug MIC. The difference was that instead of using plain MHB for making
111  antibiotic’s dilution aspirin/ paracetamol dilutions were made vertically (columns) starting from
112 1.28 mg/mL to 0.01 mg/mL and then serial two-fold antibiotic’s dilutions were made in rows
113 (horizontally) starting from 512 pg/ mL. Plates were culture inoculated as above for MIC and
114  growth of bacteria was determined to record the no-growth wells for each row. The effect of

115  aspirin was determined both on the MIC of minocycline (for 165 strains, Tab. 2) and
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116  doxycycline (for 149 strains, Tab. 3) while the effect of paracetamol on MIC was determined on
117  doxycycline only for 113 strains of bacteria (Tab. 4).

118  Results

119 A total of 293 strains of bacteria belonging to 32 genera (Tab. 1) were tested for MIC of
120  aspirin, paracetamol, doxycycline and minocycline.

121 MIC of aspirin: The MIC of aspirin was minimum (0.04 mg/ mL) for one strain each of
122 Saphylococcus xylosus and Streptococcus pyogenese while it was maximum (10.24 mg/mL) for
123 a few strains of Burkholderia cepacia (1/1), Klebsiella pneumoniae ssp. pneumoniae (1/12),
124  Pseudomonas aeruginosa (3/6), Staphylococcus aureus (2/9), S. capitis ssp. capitis (1/3), S
125  epidermidis (6/10), S. haemolyticus (1/7) and S hominis (2/5). Rest of strains tested had MIC of
126  aspirin in between the two limits. The study indicated that about 1% solution of aspirin can stop
127  the growth of bacteria.

128  MIC of paracetamol: Except for one strain each of Serratia grimaceae (5.12 mg/mL) and §
129  aureus (5.12 mg/ mL) all the isolates grew in presence of 10.24 mg/ mL paracetamol, the
130 maximum concentration used for testing.

131  MIC of doxycycline: A Pasteurella canis strain was the most sensitive to doxycycline (MIC
132 0.125 pg/mL) while for another strain of P. canis MIC was 4 pg/mL. Of 293 strains tested for
133 46, 16, 25, 26, 24, 20, 20, 27, 12, 56, 7 and 13 strains had doxycycline MIC was 512 pg/mL, 256
134  pg/mL, 128 pg/mL, 64 pg/mL, 32 pg/mL, 16 pg/mL, 8 ng/mL, 4 pg/mL, 2 pg/mL, 1 pg/mL, 0.5
135  pg/mL and 0.25 pg/mL, respectively. A total of 116 (39.59%) strains were classified as sensitive
136  (MIC <4 pg/mL) and 177 as resistant (MIC >4 pg/mL) to doxycycline.

137 MIC of minocycline: Of 293 strains 8 strains had minocycline MIC equal to 0.125 pg/mL while

138 37,8, 31, 14, 29, 23, 27, 25, 21, 24, 11, 34 and 1 strains had MIC equivalent to 0.25 pg/mL, 0.5
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139  pg/mL, 1.0 pg/mL, 2.0 pg/mL, 4 pg/mL, 8 pg/mL, 16 pg/mL, 32 pg/mL, 64 pg/mL, 128 pg/mL,
140 256 pg/mL, 512 pg/mL and 1024 pg/mL, respectively. The most resistant strain was of Hafnia
141 alvel with doxycycline MIC 512pg/mL. A total of 127 (43.34%) strain with MIC of minocycline
142 <4 pg/mL were classified as sensitive and 166 as resistant (MIC >4 pg/mL) to minocycline.

143 The distribution of 293 strains of bacteria according to the MICs of doxycycline and
144  minocycline was not normal and an erratic distribution curve was observed. The MICs of
145  doxycycline and minocycline had a good positive correlation (r, 0.51; p 0.00001). There was no
146  significant correlation was evident between MICs of doxycycline and aspirin but a strong
147  correlation (r, 0.37; p 0.00001) was evident among MICs of aspirin and minocycline for different
148  bacteria.

149  Effect of aspirin on MIC of minocycline: A total of 164 strains of selected 24 genera (Tab. 2)
150  were tested for determining MIC of minocycline in presence of 1.28 mg/mL, 0.64 mg/mL, 0.32
151  mg/mL, 0.16 mg/mL, 0.08 mg/mL, 0.04 mg/mL,, 0.02 mg/mL, and 0.01 mg/mL aspirin.
152  Observations revealed that MIC of minocycline increased when tested in presence of aspirin for
153  Bacillus species strains and was not affected for strains of Burkholderia cepacia, Geobacillus
154  stearothermophilus, Moelerella wisconsensis. However, a significant reduction in MIC of
155  minocycline was evident for strains of the rest of the 20 genera included in the study. In the
156  study reduction in MIC was dependent on the concentration of aspirin in the media. The most
157  affected strains having a reduction in minocycline MIC in presence of even 0.01 mg/ mL aspirin
158  belonged to Enterobacter spp., Escherichia coli, Hafnia alvei, Raoultella terrigena and
159  Saphylococcus species.

160 Of 164 strains 57 strains classified as minocycline-resistant (MIC >4 pg/mL) when tested

161  for minocycline MIC in presence of 1.28 mg/mL, 0.64 mg/mL, 0.32 mg/mL, 0.16 mg/mL, 0.08
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162 mg/mL, 0.04 mg/mL,, 0.02 mg/mL, and 0.01 mg/mL aspirin 32, 28, 23, 20, 20, 11, 10 and 1 (E.
163  coli) strains become sensitive (MIC <4 pg/mL) to minocycline, respectively (Tab. 5). However,
164 25 minocycline-resistant strains retained their resistant to minocycline even in presence of
165  aspirin. At near therapeutic plasma concentration (<10 pg/mL) of aspirin only one minocycline-
166  resistant E. coli strain turned sensitive to minocycline (MIC <4 ug/mL).

167  Effect of aspirin on MIC of doxycycline: A total of 148 strains of selected 18 genera (Tab. 3)
168  were tested for determining MIC of doxycycline in presence of 1.28 mg/mL, 0.64 mg/mL, 0.32
169 mg/mL, 0.16 mg/mL, 0.08 mg/mL, 0.04 mg/mL,, 0.02 mg/mL, and 0.01 mg/mL aspirin. Of the
170  strains of 18 genera MIC of doxycyline got reduced for strains of 14 genera, increased for strains
171 of Aeromonas spp. and Bacillus spp. and was not affected for strains of R. terrigena and
172 Paenibacillus spp. The most affected strains to doxycycline in presence of aspirin even at 0.01
173  mg/ mL were of Enterococcus spp. and Staphyl ococcus spp.

174 Of the 148 strains 49 strains classified as doxycycline-resistant (MIC >4 pg/mL) on
175  testing for doxycycline MIC in presence of 1.28 mg/mL, 0.64 mg/mL, 0.32 mg/mL, 0.16 mg/mL,
176 0.08 mg/mL, 0.04 mg/mL,, 0.02 mg/mL, and 0.01 mg/mL aspirin 30, 21, 18, 18, 15, 3
177  (Escherichia coli, E. fergusonii, Enterobacter agglomerans), 1 (Escherichia fergusonii) and 0
178  strains became sensitive (MIC <4 pg/mL) to doxycycline, respectively (Tab. 5). Of the 49
179  doxycycline-resistant strains 19 remained resistant to doxycycline even in presence of aspirin. At
180  near therapeutic plasma concentration (<10 pg/mL) of aspirin no doxycycline-resistant strains
181  turned sensitive to doxycycline (MIC <4 pg/mL).

182  Effect of paracetamol on MIC of doxycycline: A total of 112 strains of selected 11 genera (Tab.
183  4) were tested for determining MIC of doxycycline in presence of 1.28 mg/mL, 0.64 mg/mL,

184  0.32 mg/mL, 0.16 mg/mL, 0.08 mg/mL, 0.04 mg/mL,, 0.02 mg/mL, and 0.01 mg/mL
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185  acetoaminophen. The MIC of doxycycline reduced in presence of paracetamol for all but strains
186  of Moraxella spp., Proteus spp. and Pseudomonas spp. The reduction in MIC of doxycycline
187  was the most evident even at 0.01 mg/mL paracetamol for strains of doxycycline-sensitive (MIC
188 <4 pg/mL) strains of Erwnia spp., Escherichia spp. and Klebsiella pneumoniae ssp. pneumoniae.
189  However, the MIC of doxycycline for Bacillus ssp., Erwinia spp. and Streptococcus ssp. strains
190  was not affected by presence of paracetamol at 1.28 mg/ mL, 0.64-1.28 mg/ mL and 1.28 mg/
191  mL, respectively.

192 Of the 112 strains 34 strains classified as doxycycline-resistant (MIC >4 pg/mL) on
193  testing for doxycycline MIC in presence of 1.28 mg/mL, 0.64 mg/mL, 0.32 mg/mL, 0.16 mg/mL,
194  0.08 mg/mL, 0.04 mg/mL,, 0.02 mg/mL, and 0.01 mg/mL paracetamol 10, 11, 11, 10, 6, 1
195  (Streptococcus salivaris), 0 and 0 strains became sensitive (MIC <4 pg/mL) to doxycycline,
196  respectively (Tab. 3). Of the 34 doxycycline-resistant strains 23 remained resistant even in
197  presence of paracetamol. At near therapeutic plasma concentration (<40 pg/mL) of paracetamol
198  only one doxycycline-resistant strain of S salivaris turned sensitive to doxycycline (MIC <4
199  pg/mlL).

200  Discussion

201 Though the MIC of doxycycline and minocycline for different bacteria to be classified as
202  sensitive (16, 17) ranges between 0.25 pug/ mL (for Neisseria gonorrhoeae) to <4 pg/ mL (for
203  members of Enterobacteriaceae and Acinetobacter), in the present study bacteria having MIC of
204  doxycycline and minocycline <4 ng/ mL were considered sensitive for the therapeutic purposes.
205  Because, infections with MIC <4 pg/ mL cab be treated effectively with doxycycline and
206  minocycline as with therapeutic dosages it is an achievable plasma concentration of these drugs

207 (16, 18). A total of 116 (39.59%) and 127 (43.34%) strains in the study were sensitive to


https://doi.org/10.1101/2021.05.21.445232

bioRxiv preprint doi: https://doi.org/10.1101/2021.05.21.445232; this version posted May 23, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

208  doxycycline and minocycline, respectively. In the region of the study similar pattern of
209  doxycycline and minocycline resistance is reported earlier too (19).

210 The erratic distribution of 293 strains of bacteria according to the MICs of doxycycline
211 and minocycline might be attributed due to diversity among strains as they belonged to 32 genera
212 with different sensitivity patterns to antibiotics. The strong positive correlation (r, 0.51; p
213 0.00001) among MICs of doxycycline and minocycline might due to the fact that both the
214  antibiotics are of the same tetracycline class (15).

215 The least MIC of aspirin was detected 40 pug/ mL for one strain each of Staphylococcus
216 xylosus and Streptococcus pyogenese. Plasma concentration of aspirin ranges between 4.9-8.9
217  pg/ mL in therapeutically applicable dosages and get converted to salicylate rapidly which may
218  be in plasma with concentration of 42-62 pg/ mL and it may keep on increasing with chronic use
219  of aspirin (20). Acute consumption of higher dosages more than 150 mg/kg may achieve higher
220 plasma salicylate concentration but warrants an emergency detoxification treatment (21). The
221  observations revealed that in therapeutically achievable concentration none of the bacterial strain
222 in the study was treatable with aspirin.

223 At the maximum therapeutically achievable concentration (30 pg/ mL) of paracetamol in
224  plasma, none of 293 strains tested in the study could be classified sensitive to paracetamol as the
225 minimum MIC detected was 5.12 mg/ mL, that too only for one strain each of Serratia
226 grimaceae and S aureus i.e., for practical purposes paracetamol cannot be considered
227  antimicrobial. In an earlier study, S aureus has been shown to be sensitive to acetaminophen at
228  1.25 mg/ mL (22). The therapeutically useful plasma concentration of paracetamol may be
229  between 10 to 20 pg/ mL and can be reached with oral as well intravenous use (23, 24).

230 However, after a higher therapeutic dose on intravenous administration plasma concentration of

10
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231  paracetamol can be reached up to 30 pg/ mL. In supra-therapeutic toxic dosages plasma
232 concentration of paracetamol is reported even up to 1500 pg/ mL (24).

233 In the present study only 42 (14.33%) strains were sensitive to aspirin at <1 mg/ mL
234  concentration and none to paracetamol. Similarly, in an earlier study aspirin and paracetamol
235  failed to contain growth of Serratia, Bacillus and E. coli strains at 1 mg/ mL concentration (25).
236 Babik and coworkers (9) reported that aspirin failed to contain growth of E. coli and S
237  epidermidis at 1.5mg and 0.5 mg/ mL while paracetamol was not effective as antibacterial even
238  at 3 mg/ mL concentration. In studies on Campylobacter pylori (now Helicobacter pylori) (26,
239 27) both aspirin and paracetamol are shown to be antibacterial in therapeutic dosages. In the
240 present study neither strain of Campylobacter nor of Helicobacter were included thus the
241  observation are not comparable. In a study (8), acetyl salicylic acid tested against E. coli and S
242 aureusand reported MIC equivalent to 2 mg/ mL.

243 In the present study MIC of doxycycline increased in presence of aspirin for strains of
244 Aeromonas spp. and Bacillus spp. and MIC of minocycline also increased in presence of aspirin
245  for Bacillus spp. strains. Similar observations are reported by Hadera and coworkers (8) while
246  evaluating aspirin in combination with ciprofloxacin and benzylpenicillin against E. coli and S.
247  aureus and reported antagonistic drug interaction. However, in the present study, none of the E.
248  coli and S aureus and strains of other genera showed antagonism between aspirin / paracetamol
249  and minocycline/ doxycycline.

250 In the study, aspirin converted a minocycline-resistant E. coli and doxycycline-resistant
251 S salivarisstrains to sensitivity even at 10ug/ mL levels of aspirin. However, a total of 32 out of
252 57 minocycline-resistant strains became sensitive to minocycline and 30 of 42 doxycycline-

253  resistant strain reverted to be sensitive to doxycycline in presence of 1280ug/ mL levels of

11
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254  aspirin. Earlier studies (28) reported that aspirin, sodium salicylate and sodium benzoate reverted
255  colistin-resistant Enterobacteriaceae and P. aeruginosa to sensitivity. Chan and coworkers also
256  (29) reported synergy between aspirin and antibiotics such as cefuroxime and chloramphenicol
257  when administered against methicillin-resistant Staphylococcus aureus.

258 Observations indicated that synergy between aspirin and doxycycline/ minocycline might
259  be strain-dependent. Observations are in concurrence to earlier studies. Ahmed and coworkers
260 (7) reported no-synergistic interaction between aspirin and B-lactam antibiotics (ampicillin,
261  amoxicillin, amoxicillin + clavulanic acid, cephalexin and cefotaxime) against P. aeruginosa and
262 K. pneumoniae strains but reported synergistic action of aspirin with amoxicillin, cefotaxime,
263  augmentin, gentamicin and ciprofloxacin against E. coli strains (6).

264 Paracetamol also showed synergistic activity with doxycycline and 11 of the 34
265  doxycycline-resistant strains turned sensitive when tested in presence of paracetamol <1.28 mg/
266 mL. Though there are several studies on interactions of NSAIDs with antibiotics, the interaction
267  of the most commonly prescribed antipyretic paracetamol are rarely reported (30).

268 The synergy or adjuvant activity of aspirin and paracetamol with doxycycline and
269  minocycline was strain-specific, within the same species of bacteria both revertible and non-
270  revertible strains were present (Tab. 3). Thus, it is apparent that synergy between NSAIDs and
271  antibiotics is modulated by bacterial factors rather than just combination of the two drugs.
272 Further targeted studies may reveal genes/ factors responsible for synergy or no-synergy or
273  antagonism between NSAIDs and antibiotics to help understanding the phenomenon and finally
274 in development of a strategy to mitigate AMR and convert partly inefficient antibiotics to
275  therapeutically useful ones, that is revival of outdated antibiotics.

276 The study concluded that neither aspirin nor paracetamol have potential antibacterial

12
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277  activity at therapeutic dose levels. However, aspirin at 10.24 mg/ mL (1.024%) concentration
278  inhibited all 293 strains in the study while paracetamol could not inhibit any but one strain each
279  of S aureus and Serratia grimaceae at the same concentration. Though aspirin cannot be used at
280 the bacteria inhibiting concentration (1.024%) internally, its topical use either as lotion or
281  ointment may be promising as a broad spectrum antibacterial even against the strains showing
282  resistance to antibiotics. Further, the presence of aspirin converted 32 of 57 minocycline-resistant
283  strains and 30 of 42 doxycycline-resistant strains to sensitivity. The synergy between aspirin
284  even at 0.1% concentration level with minocycline and doxycycline can be utilized for the
285  formulation of topical antibacterials. In contrast, paracetamol appeared almost ineffective as
286  antibacterial even at >1% concentration and was also not as efficient adjuvant as aspirin to
287  minocycline and doxycycline to increase their antibacterial activity. The study also indicated the
288 need for more studies to reveal the mechanism underlying the interaction and synergy between
289  NSAIDs and antibiotics.
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388 Table. 1. The minimum inhibitory concentration (MIC) of aspirin, paracetamol,

389  doxycycline and minocycline for different strains of bacteria

Genus of Species of bacteria, Average MIC in pg/ mL | Average MIC in mg/
Bacteria numbers of strains tested (Standard Deviation), mL (Standard
resistant strains (MIC>4 | Deviation), resistant
pg/ mL strains (MIC> 1.28
mg/ mL
Doxycyclin | Minocyclin | Aspirin Paraceta
e e -mol
Acinetobacter | A. alcaligenes 1, A. 2.75(3.5)1 | 2.38(3.8)1 | 1.36(0.9) | >10.24
calcoaceticus 1, A. Iwoffii 2 1
Aerococcus Aerococcus spp. 2 252.1)0 |0.56(0.6)0 | 1.44 (1.6) | >10.24
1
Aeromonas A. bestiarum 5, A. 87.45 81.61 1.81(1.2) | >10.24
eucranophila2, A. media | (141.6) 9 (144.1) 7 7
2, A. popoffii 3, A.
salmonicida 1, A.
schubertii 1, A. trota 2
Alcaligenes Alcaligenes faecalis 1 0.50 (NA) | 0.50 (NA) |0.64 (NA) | >10.24
faecalis 0 0 0
Bacillus B. amylolticus 1, B. badius | 9.69 (20.5) | 8.50(20.9) | 1.72(0.9) | >10.24
1, B. brevis1, B. cereus3, |2 1 4
B. megaterium 1, B.

18
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mycoides 1, B. sphaericus

1
Brucella B. abourts 3 0.50 (0.0) 0 | 0.50 (0.0) 0 | 0.32(0.0) | >10.24
0
Burkholderia | B. cepacia 1 512.00 128.00 10.24 >10.24
(NA) 1 (NA) 1 (NA) 1
Edwardsiella | E. tarda 3 352.0 182.67 1.07(0.4) |>10.24
(277.1)3 | (285.6)2 |0
Enterobacter | E. agglomerans 10, E. 148.64 81.0 244 (1.5) | >10.24
gregoviae 1 (194.0) 8 (148.3) 8 6
Enterococcus | E. durans 1, E. faecalis4, | 250.43 197.86 2.03 (1.5) | >10.24
E. faecium 5, E. solitarus3 | (199.2) 12 [ (199.7)12 |6
Erwinia E. amylovora 2, E. 76.29 76.29 2.29(0.7) | >10.24
aphidicola 1, E. carotovora | (192.1) 2 (192.1)2 6
1, E. nimipressuralis 1, E.
stewartii 1, E. tasmaniensis
1
Escherichia E. coli 54, E. fergusonii 3, | 139.19 78.21 2.08 (1.1) | >10.24
E. hermanii 1 (199.0)45 | (144.5)44 |29
Flexibacter Flexibacter spp. 2 1.00 (0.0) 0 | 0.25(0.0) 0 | 0.64 (0.0) | >10.24
0
Gallibacteriu | G. anatis2 80.00 80.00 2.56 (0.0) | >10.24
m (67.9) 2 (67.9) 2 2
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Gardnerella | Gardnerella spp. 1 512.00 32.00 (NA) | 1.28 (NA) | >10.24
(NA) 1 1 0

Geaobacillus | G. stearothermophilus 6 23.50 21.50 1.92 (1.7) | >10.24
(51.3)2 (522) 1 2

Hafnia H. alvei 12 176.50 124.79 1.97 (0.7) | >10.24
(215.8)9 | (288.1)9 |7

Klebsiella K. oxytoca 2, K. 162.00 158.38 3.54 (2.2) | >10.24

pneumoniae 15 (208.9)16 | (211.5)14 |14

Kocuria K.rosael 0.50 (NA) | 0.50(NA) | 0.32(NA) | >10.24
0 0 0

Micrococcus | M. luteus 1 128.00 0.25(NA) |[0.32(NA) | >10.24
(NA) 1 0 0

Moelerella M. wisconsensis 1 128.00 1.00 (NA) | 1.28 (NA) | >10.24
(NA) 1 0 0

Moraxella M. bovis 1, M. odoensis1, | 6.33(84)1 | 6.08(8.6)1 | 1.81(1.3) | >10.24
M. phenylpyruvica 1 2

Paenibacillus | P. lactis 1, P. larvae 1, P. 13.41 2.27(4.3)2 | 1.00 (0.8) | >10.24
pantothenticus 13 (32.3)6 3

Pasteurella P.canis2, P. multocida1l |2.71(2.2)0 | 2.71(2.2)0 | 1.07 (1.3) | >10.24
1

Proteus P. mirabilis 5, P. penneri 338.29.0 110.29 2.19(1.4) | >10.24
1, P. vulgaris 1 217.7)7 (182.1)6 3

Pseudomonas | P. aeruginosa 5, P. 220.57 165.71 5.85(4.3) | >10.24
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paucimobilis 1, P. (203.8)7 [(159.)7 |5
pseudoalcaligenes 1
Raoultella R. terrigena 6 90.17 52.83 2.88(1.9) | >10.24
(128.6)4 | (100.1)4 |4
Salmonella S kentucky 1, S 124.80 24.00 2.56 (1.6) | >10.24
Typhimurium 3, S. Virchow | (217.7) 5 (24.7)5 3
1
Serratia S fonticola 1, S grimaceae | 149.29 149.29 2.56 (0.0) | >10.24%*
2, S marcescens?2, S (247.8) 3 | (247.8)3 |7
odorifera 2
Saphylococcu | S arlettae 1, S aureus9, S | 48.67 135.57 3.72 (3.6) | >10.24%*
s capitis ssp. capitis 3, ssp. | (108.3)21 | (208.5)26 |29
urealyticus 1, S caseolytus
1, S chromogenes 2, S
delphini 4, S epidermidis
10, S equorum1, S
gallinarum1, S
haemolyticus 6, S. hominis
6, S hyicus 1, S lentus 1,
S lugdunerisii 4, S.
schleiferi 1, S sciuri 1, S
xylosus 1
Sreptococcus | S milleri 5, S pneumoniae | 169.19 88.2 2.17(1.5) | >10.24
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2,S porcinus 1, S, (238.9)7 | (188.9)6 |6

pyogenes 1, S suis3, S

salivaris 1
Xenorhabdus | X. bovienni 1 8.00 (NA) | 8.00(NA) |2.56(NA) | >10.24
1 1 1
Total 293 115.87 93.05 2.47 NA

(182.46) | (172.20) | (2.27) 150 | (NA)

177 166 293

390

391

392

393

394

395

396

397

398

399

400

401

402

403

22


https://doi.org/10.1101/2021.05.21.445232

404

Table. 2. The minimum inhibitory concentration (MIC) minocycline for different strains of bacteria in presence of aspirin.

Genus of Species of bacteria tested | Minimum Percent decrease in MIC of minocycline in presence of aspirin (mg/
bacteria tested and their numbers concentration mL)
of aspirin 1.28 064 1032 ]0.16 0.08 ]0.04 ]0.02 |0.01
(mg/ mL)
having MIC
decreasing
effect
Acinetobacter A. alcaligenes 1, A. 0.04 0.94 093 1093 |0.91 0.64 |0.34 |0.00 |0.00
lwoffii 2
Aeromonas A. bestiarum 1, A. 1.28 0.18 0.00 |0.00 |0.00 0.00 |0.00 |0.00 |0.00
eucranophila 2, A. media
2, A. popoffi 2, A.
scubertii 2
Alcaligenes Alcaligenes faecalis 0.64 0.75 0.50 |0.00 |0.00 0.00 |0.00 |0.00 |0.00
Bacillus B. brevis1, B. cereus2, | NA -24.70 | -18.30 | -24.70 | -24.70 | -24.70 | -18.30 | -15.10 | -13.50
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B. megaterium 1, B.

mycoides 1

Burkholderia Burkholderia cepacia 1 NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Edwardsiella Edwardsiella tarda 1 0.02 0.99 0.98 0.97 0.93 0.86 0.78 0.78 0.00

tarda

Enterobacter E. agglomerans 5, E. 0.01 0.97 0.94 0.88 0.98 0.97 0.97 0.95 0.93
gregoviae 1

Enterococcus E. faecalis 3, E. faecium | 0.02 0.99 0.99 0.99 0.98 0.96 0.87 0.83 0.00
6, E. malodoratus 1, E.
solitarius 2

Escherichia E. coli 25, E. fergusonni | 0.01 0.91 0.85 ]0.71 0.74 0.72 [0.69 |0.66 |0.55
3, E. hermani 1

Flexibacter Flexibacter spp. 2 0.04 0.89 0.78 0.69 0.56 0.50 0.25 0.00 0.00

Geabacillus Geobacillus NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
stearothermophilus 3

Hafnia Hafnia alvei 6 0.01 0.32 0.31 0.29 0.20 0.20 0.20 0.20 0.20
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Klebsiella Klebsiella pneumoniae 0.16 0.68 0.29 0.18 0.11 0.00 0.00 0.00 0.00
ssp. pneumoniae 12

Kocuria rosea Kocuria rosea 0.64 0.75 0.50 |0.00 |0.00 0.00 |0.00 |0.00 |0.00

Micrococcus Micrococcus luteus 1 1.28 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Moelerella Moelerellawisconsensis | NA 0.00 0.00 {0.00 |0.00 0.00 |0.00 |0.00 |0.00
1

Moraxella M. bovis 1, M. ovis 1 0.64 0.50 0.50 0.00 0.00 0.00 0.00 0.00 0.00

Paenibacillus P.lactis1, P. larvae 1, P. | 0.64 0.50 0.50 ]0.00 |0.00 0.00 |0.00 |0.00 |0.00
pantothenticus 10

Proteus P. mirabilis 5, P. penneri | 0.64 0.20 0.13 0.00 0.00 0.00 0.00 0.00 0.00
1, P. viugaris 1

Pseudomonas P. aeruginosa 5, P. 0.16 0.20 0.19 0.17 0.04 0.00 0.00 0.00 0.00
paucimobilis 1, P.
pseudoal caligenes 1

Raoultella Raoultellaterrigena 3 0.01 0.54 0.25 ]0.21 0.14 0.14 |0.14 |0.14 |0.14

Salmonella S Kentucky 1, S 0.64 0.52 0.20 0.00 0.00 0.00 0.00 0.00 0.00
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Naestwed 1, S

Typhimurium 2

Saphylococcus

S aureus 4, S capitis
ssp. capitis 1, ssp.
urealyticus 1, S
caseolytus 1, S,
chromogenes 1, S.
delphini 4, S epidermidis
3, S gallinarum1, S
haemolyticus 4, S
hominis2, S hyicus 1, S
lentus 1, S lugduneisii 1,

S sciuri 1, S xylosus 1

0.01

0.96

0.90

0.77

0.87

0.87

0.86

0.86

0.86

Sreptococcus

S milleri 3, S
pneumoniae2, S

pyogenes 1, S salivaris 1

0.02

0.84

0.83

0.75

0.67

0.67

0.42

0.08

0.00
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407

408

409

Table. 3. The minimum inhibitory concentration (MIC) doxycycline for different strains of bacteria in presence of aspirin.

Genus of Species of bacteria tested | Minimum Percent decrease in MIC of doxycycline in presence of aspirin (mg/
bacteria tested and their numbers concentration mL)
of aspirin 1.28 064 1032 ]0.16 0.08 |0.04 |0.02 |0.01
(mg/ mL)
having MIC
decreasing
effect
Aeromonas A. bestiarum 1, A. NA -0.28 | -0.56 |-0.56 |-0.56 |-0.56 |-0.56 |0.00 |0.00
eucranophila2, A. media
2, A. popoffi 2, A.
scubertii 2
Bacillus B. brevis1, B. cereus2, | NA -17.09 | -8.14 |0.00 |0.00 0.00 |0.00 |0.00 |0.00
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B. megaterium 1, B.

mycoides 1
Edwardsiella Edwardsiella tarda 0.04 -1.00 0.49 0.49 0.49 0.49 0.25 0.00 -0.50
Enterobacter E. agglomerans 5, E. 0.02 0.99 0.98 0.95 0.92 0.88 0.71 0.44 0.00
gregoviae 1
Enterococcus E. faecalis 3, E. faecium | 0.01 1.00 1.00 1.00 1.00 1.00 0.94 0.88 0.75
6, E. malodoratus 1, E.
solitarius 2
Erwinia Erwinia stewartii 0.64 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00
Escherichia E. coli 25, E. fergusonni | 0.08 0.67 046 |0.23 |0.18 0.07 {0.00 |0.00 |0.00
3, E. hermani 1
Flexibacter Flexibacter spp. 2 0.32 0.38 0.38 0.25 0.25 0.00 0.00 0.00 0.00
Geabacillus Geobacillus 0.02 -7.13 0.63 0.50 0.50 0.25 0.25 0.25 0.00
stear othermophilus 3
Hafnia Hafnia alvei 6 0.02 -20.35 | 0.94 0.88 0.75 0.75 0.75 0.50 0.00
Klebsiella Klebsiella pneumoniae 0.02 0.91 0.81 0.69 0.66 0.62 0.53 0.35 0.00
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ssp. pneumoniae 12

Moraxella M. bovis 1, M. ovis 1 0.64 0.99 0.99 0.00 0.00 0.00 0.00 0.00 0.00

Paenibacillus P.lactis 1, P. larvae 1, P. | NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
pantothenticus 10

Pasteurella P. canis 1, P. multocida 1 | 0.04 0.94 0.88 0.88 0.88 0.88 0.50 0.00 0.00

Proteus P. mirabilis 7, P. penneri | 0.64 0.20 0.10 0.00 0.00 0.00 0.00 0.00 0.00
1, P. viugaris 1

Pseudomonas P. aeruginosa 5, P. 0.64 0.98 0.50 0.00 0.00 0.00 0.00 0.00 0.00
paucimobilis 1, P.
pseudoal caligenes 1

Raoultella Raoultellaterrigena 3 NA 0.00 0.00 |0.00 |0.00 0.00 |0.00 |0.00 |0.00

Saphylococcus | S aureus4, S. capitis 0.01 0.88 0.84 |0.75 |0.75 0.71 0.61 0.41 0.33

ssp. capitis 1, ssp.
urealyticus 1, S
caseolytus 1, S.

chromogenes 1, S
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delphini 4, S epidermidis
3, S galinarum1, S
haemolyticus 4, S,
hominis2, S hyicus1, S
lentus 1, S lugduneisii 1,
S sciuri 1, S xylosus 1
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421

422

Table. 4. The minimum inhibitory concentration (MIC) doxycycline for different strains of bacteria in presence of

paracetamol.
Genus of Species of bacteria tested | Minimum Percent decrease in MIC of doxycycline in presence of paracetamol
bacteria tested and their numbers concentration (mg/ mL)
of aspirin 1.28 0.64 |0.32 |0.16 0.08 ]0.04 |0.02 |0.01
(mg/ mL)
having MIC
decreasing
effect
Aeromonas A. bestiarum 1, A. 0.02 0.00 024 024 ]0.24 024 024 (024 |0.00
eucranophila2, A. media
2, A. popoffi 2, A.
scubertii 2
Bacillus B. brevis1, B. cereus2, | 0.32 0.75 0.50 |0.50 |0.00 0.00 |0.00 |0.00 |0.00
B. megaterium 1, B.
mycoides 1
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Enterobacter E. agglomerans 5, E. 0.02 0.99 0.99 0.98 0.97 0.95 0.90 0.50 | 0.00
gregoviae 1

Erwinia Erwinia stewartii 1 0.01 0.00 0.00 |0.50 0.50 0.50 |0.50 0.50 |0.50

Escherichia E. coli 25, E. fergusonni | 0.01 0.66 0.65 0.65 0.63 0.60 |0.44 0.25 0.25
3, E. hermani 1

Klebsiella Klebsiella pneumoniae 0.01 0.59 0.56 | 0.50 0.50 0.43 0.30 0.03 0.30
ssp. pneumoniae 12

Moraxella M. bovis 1, M. ovis 1 NA 0.00 0.00 | 0.00 0.00 0.00 0.00 |0.00 0.00

Proteus P. mirabilis 5, P. penneri | NA 0.00 0.00 |0.00 |0.00 0.00 {0.00 |0.00 |0.00
1, P. viugaris 1

Pseudomonas P. aeruginosa 5, P. NA 0.00 0.00 |0.00 0.00 0.00 0.00 |0.00 0.00
paucimobilis 1, P.
pseudoal caligenes 1

Saphylococcus | S aureus4, S. capitis 0.04 0.22 022 020 |0.17 0.12 [0.12 |0.00 |0.00

ssp. capitis 1, ssp.

urealyticus 1, S
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428

429

Table 5. Synergistic effect of aspirin and paracetamol with minocycline and doxycycline antibiotic potential in terms of

conversion of resistant bacteria to sensitive to the antibiotics.

Concentrai | Minocycline-resistant | Minocycline- | Doxycycline- Doxycycline- | Doxycycline- Doxycycline-
on of bacteria turned resistant resistant resistant resistant bacteria | resistant
aspirin/ sensitive (32) bacteria not- | bacteria turned | bacteria not- | turned sensitive in | bacteria not-
paracetamo turned sensitive in turned presence of turned

1 (mg/ mL) sensitive (25) | presence of sensitive in paracetamol (11) sensitive in

in test aspirin (30) presence of presence of

medium aspirin (19) paracetamol
(23)

1.28 Acinetobacter Burkholderia | Aeromonas Aeromonas Escherichia coli 2, | Aeromonas
alcalgenes 1, cepacia 1, schubertii 1, popoffii 2, E. fergusonii 1, E. | popoffii 2, A.
Escherichiacoli 11, E. | Escherichia Escherichia coli Bacillus hermanii 1, schubertii 1,
fergusonii 1, E.tarda | coli 4, E. 4, fergusonii 1, cereus1, Enter obacter Erwinia
1, E. faecium 2, E. fergusonii 1, Edwardsiella Escherichia | agglomerans 3, stewartii 1,
faecalis2, Enterobacter | tarda 1, coli Klebsiella Escherichia coli
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Enterobacter
agglomerans 1. E.
grigoviae 1, Klebsiella
pneumoniae ssp.
pneumoniae 3,
Flexibacter spp. 1,
Pseudomonas
paucimobilis 1,
Raoultellaterrigena 1,
Salmonella enterica
ssp. enterica 2,
Saphylococccus
epidermidis 1,
Streptococcus milleri

2, S salivaris 1

agglomerans
1, Hafnia alvei
4, Klebsiella
pneumoniae
Ssp.
pneumoniae 1,
Proteus
mirabilis 3, P.
vulgaris 1,
Pseudomonas
aeruginosa s,
Raoultella
terrigena 2,
Salmonella
enterica ssp.

enterica 1,

Enterobacter
agglomerans 3,
Enterococcus
faecium4, E.
solitarius 2,
Erwinia stewartii
1, Klebsiella
pneumoniae ssp.
pneumoniae 3,
Moraxella ovis 1,
Proteus mirabilis
1, Pseudomonas
pseudoal caligenes
1, Staphylococcus
chromogenes 1, S

delphini 1, S
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5,Edwardsiell
atardal,
Hafnia alvei
2, Klebsiella
pneumoniae
Ssp.
pneumoniae
2, Proteus
mirabilis 2,
Raoultella
terrigena 1,
Saphylococc
us
haemolyticus
1,

Streptococcu

pneumoniae ssp.
pneumoniae 2,
Staphylococcus

epidermidis 1

2, Hafnia alvei
2, Klebsiella
pneumoniae
Ssp.
pneumoniae 6,
Moraxella ovis
1, Proteus
mirabilis 3,
Pseudomonas
pseudoalcaligen
esl,
Staphylococcus
chromogenes 1,
S haemolyticus

2, S lentus 1
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0.64

Acinetobacter
alcalgenes 1,
Escherichiacoli 11, E.
fergusonii 1, E. tarda
1, E. faecium 2, E.
faecalis 2,
Enterobacter
agglomerans 1. E.
grigoviae 1,
Flexibacter spp. 1,

Pseudomonas

Staphylococce

us hominis 1

epidermidis 1, S
gallinarum1, S
lentus 1,
Streptococcus

pneumoniae 2

Escherichia coli
3, fergusonii 1,
Edwardsiella
tarda 1,
Enterobacter
agglomerans 3,
Enterococcus
faecium4, E.
solitarus 2,
Moraxella ovis 1,

Saphylococcus

36

smilleri 2

Escherichia coli 2,
E. fergusonii 1, E.
hermanii 1,
Enterobacter
agglomerans 3,
Klebsiella
pneumoniae ssp.
pneumoniae 2,
Staphylococcus
epidermidis 1,

Streptococcus
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0.32

paucimobilis 1,
Raoultellaterrigena 1,
Salmonella enterica
ssp. enterica2, S

milleri 2, S salivaris 1

Acinetobacter
alcalgenes 1,
Escherichia coli 10, E.
fergusonii 1, E. tarda
1, E. faecium 2, E.
faecalis 2,
Enterobacter
agglomerans 1. E.
grigoviae 1,

Flexibacter spp. 1,

chromogenes 1, S

delphini 1, S
epidermidis 1, S.
Gallinarum 1,
Streptococcus

pneumoniae 3

Escherichia coli
3, fergusonii 1,
Edwardsiella
tarda 1,
Enterobacter
agglomerans 2,
Enterococcus
faecium4, E.
solitarus 2,

Saphylococcus

salivaris 2
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Escherichia coli 2,

E. fergusonii 1, E.

hermanii 1,
Enter obacter
agglomerans 3,

Klebsiella

pneumoniae ssp.

pneumoniae 2,
Staphylococcus

epidermidis 1,
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0.16

Raoultellaterrigena 1,

S milleri 3

Acinetobacter
alcalgenes 1,
Escherichia coli 9, E.
fergusonii 1, E. tarda
1, E. faecium 2, E.
faecalis 2,
Enterobacter
grigoviae 1,
Flexibacter spp. 1, S

milleri 3

delphini 1, s.
epidermidis 1, S.
Gallinarum 1,
Streptococcus

pneumoniae 3

Escherichia coli
3, fergusonii 1,
Edwardsiella
tarda 1,
Enterobacter
agglomerans 2,
Enterococcus
faecium4, E.
solitarus 2,
Saphylococcus

delphini 1, s.

Sreptococcus

salivaris 2

38

Escherichia coli 2,

E. fergusonii 1, E.

hermanii 1,
Enterobacter
agglomerans 3,

Klebsiella

pneumoniae ssp.

pneumoniae
2,Sreptococcus

salivaris 2
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0.08

Acinetobacter
alcalgenes 1,
Escherichia coli 9, E.
fergusonii 1, E. tarda
1, E. faecium 2, E.
faecalis 2,
Enterobacter
grigoviae 1,
Flexibacter spp. 1, S

milleri 3

epidermidis 1, S.

Gallinarum 1,
Streptococcus

pneumoniae 3

Escherichia cali
3, fergusonii 1,
Edwardsiella
tarda 1,
Enterobacter
agglomerans 1,
Enterococcus
faecium4, E.
solitarus 2,
Saphylococcus
delphini 1,

Sreptococcus

39

Escherichia coli 2,

E. fergusonii 1, E.

hermanii 1,
Enterobacter
agglomerans 1,
Sreptococcus

salivaris 2

‘uolssiwiad INOYIM pamolje asnal ON "PaAlasal SIybu (| “Japunyioyine ayl si (Malnal Jaad Ag palyiiad 10U sem
yoiym) Juudaid siy Joy sapjoy 1ybuAdoo syl T20z ‘€2 Ae palsod UOISIaA SIU) :ZEZG T2 'S0 T202/TOTT 0T/610°10p//:sdny :10p Juudaid Aixyolq


https://doi.org/10.1101/2021.05.21.445232

0.04

0.02

0.01

Escherichia cali 4, E.
fergusonii 1, E. tarda
1, E. faecium?2, E.
faecalis 2, Flexibacter
spp. 2

Escherichia cali 4, E.
fergusonii 1, E. tarda
1, E. faecium?2, E.
faecalis 3

Escherichia coli

pneumoniae 3

Escherichia coli
1, fergusonii 1,
Enterobacter

agglomerans 1

Sreptococcus

salivaris 2

Escherichia

fergusonii 1
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