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ARTICLE INFO ABSTRACT

Keywords: Introduction: Aloe vera (Aloe barbadensis Miller) is a medicinal plant that has been used empirically for thousands

Dairy cattle of years. Among its biological activities, Aloe vera’s antimicrobial capacity makes it a possible alternative in

AIO? vera combating the evolution of bacterial resistance.

Antibiotic resistance The objective of this study was to evaluate the appearance of chromosomal resistance in gram-positive

Ceftiofur . . . . . s . o .

Cloxacillin bacteria causing bovine mastitis when exposed to Aloe vera, used either individually or in combination with
X

beta-lactam antibiotics.

Methods: The Minimum Inhibitory Concentration (MIC) of Aloe vera, both alone and in combination with
cloxacillin or ceftiofur, versus Staphylococcus aureus and Streptococcus uberis was determined by means of the
broth macrodilution technique. Serial multipassage techniques allowed us to assess the development of re-
sistance against the described treatments in these strains.

Results: After 15 serial passages of Staphylococcus aureus ATCC 29213 (methicillin-sensitive S. aureus; MSSA) and
Staphylococcus aureus ATCC 43300 (methicillin-resistant S. aureus; MRSA) versus Aloe vera alone and in com-
bination with cloxacillin or ceftiofur, we did not observe an increase in MIC. However, in serial passages 6 and
14, the MIC for MSSA increased 5.3 and 3.3 fold versus cloxacillin and ceftiofur, respectively, and for MRSA in
serial passages 6 and 7 the MIC increased 26.6 and 46.6 fold versus the indicated antibiotics. S. uberis ATCC
29,213 did not register MIC increases after 15 serial passages against Aloe vera alone or in combination with
ceftiofur or cloxacillin.

Conclusion: The combination of Aloe vera and ceftiofur or cloxacillin delays the appearance of chromosomal
resistance in S. aureus strains. Likewise, the synergistic and additive effect of these antibiotics when combined
with Aloe vera, would allow for a dose reduction in antibiotics when treating clinical mastitis symptoms of dairy
cattle.

1. Introduction

The inappropriate use of antibiotics in animal production is an
important cause of increased bacterial resistance [1,2], representing the
greatest threat to the efficacy of antibiotic treatment in human and
veterinary medicine. In veterinary medicine, bacterial resistance not
only has implications for the health of animals, but also for public
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health, due to the links between excessive antibiotic use, intensification
of animal production systems and globalization, increasing the risk of
transmission of multi-resistant bacteria between different ecosystems
[3-8].

In the dairy industry, the disease that has the greatest economic
impact worldwide is bovine mastitis [2]. This disease is caused by a
diversity of etiological agents, including Staphylococcus aureus and
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Streptococcus uberis [9]. These pathogens are highly relevant in cases of
clinical and sub-clinical mastitis, as they have the capacity to form
biofilms, generating high levels of prevalence and chronicity. The
ability to form biofilms reduces susceptibility to antibiotics, compli-
cating disease control and eradication [10-12].

Antibiotics from the beta-lactam family are the primary treatment
for gram-positive bacteria. In 2007, the USDA reported that in the
United States 72% of farms treated all of their animals with drying
therapies, principally cephalosporin and penicillin. Within the peni-
cillin family, cloxacillin, the antibiotic of choice for the treatment of S.
aureus infections that produce penicillinase, is widely used in the
treatment and control of resistant gram-positive bacteria. Within the
cephalosporin family, ceftiofur is widely used in the treatment of clin-
ical mastitis caused by S. aureus and S. uberis [13]. Both antibiotic are
part of the Critically important antimicrobials for Human Medicine List
from the World Health Organization, and both are considered of criti-
cally important antibiotics, where ceftiofur is also considered of the
highest priority [14].

With few exceptions, the development and discovery of new anti-
biotics has decreased, while bacterial resistance has steadily increased
[15]. In this context, a large variety of plant species with antimicrobial
properties have been used in phytopharmacological research [16].

Aloe vera is one of the most studied plants, with around 360 extant
species. Only four species present medicinal properties, with Aloe bar-
badensis Miller being the most commonly used [17,18]. The anti-
microbial activity of this plant has been demonstrated on strains of
Staphylococcus aureus, Escherichia coli, Shigella flexneri, Helicobacter py-
lori, and Pseudomonas aeruginosa [19-22].

Additionally, it has been proven that medicinal plants with anti-
microbial activity belonging to the genuses Plumbago, Ocimum, Punica,
Vitis, among others, have a synergistic effect when combined with
synthetic antibiotics against strains of methicillin-resistant S. aureus
(MRSA) [23] and Acinobacter baumanni [24].

The inhibitory effect of Aloe vera has been associated with its
phenolic compounds and polysaccharides, which could act on different
target sites of the bacteria [25] Thus, we hypothesize that a combina-
tion of inhibitory components of Aloe vera and cloxacillin or ceftiofur
could delay or prevent resistance in gram-positive bacteria, as in order
to develop resistance against this drug combination the bacteria would
have to undergo various point mutations [15].

Thus, the objective of this study is to evaluate the development of
chromosomal resistance in strains of Staphylococcus aureus ATCC
29213, Staphylococcus aureus ATCC 43300 and Streptococcus uberis
ATCC 9927 exposed to Aloe vera, either alone or in combination with
beta-lactam antibiotics.

2. Material and methods
2.1. Aloe vera

The experiment described in this paper have used a commercial
lyophilized Aloe vera, CAS number 85507-69-3 (Concentrated Aloe
Corporation, United States of America). This product consist in lyo-
philized inner gel from Aloe vera plants that are approximately two
years old at the time of harvest, without preservativesor antimicrobials.
2.2. Antibiotics

The antibiotics used was cloxacillin sodium sal hydrate (C;9 Hy7 Cl
N3 Os S Na H,0), CAS number 7081-44-9 (Dr. Ehrenstorfer, Germany)
and Ceftiofur hydrochloride (Ci9 H;7; N5 O, Sz Cl H), CAS number
103980-44-5 (Dr. Ehrenstorfer, Germany).

2.3. Extraction of inhibitory compounds from lyophilized Aloe vera

The extraction of inhibitory components from lyophilized Aloe vera
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(Aloe vera of America, Inc.) was carried out following as a basis the
methodology described by Habeeb et al. [21] and modified by San
Martin et al. [26]. Methanol was chosen as solvent for the extraction
process due to its high polarity and good solubility with phenolic
compounds present in plant materials, compared with other solvents
like ethyl acetate/water, acetone, hexane and chloroform [21,27].
During the entire extraction process, and subsequent handling, the ex-
tract was protected from exposure to light.

Briefly, 25.6 g of lyophilized powder, 400 mL of methanol (Merck,
Darmstadt, Germany) and 5mL of glacial acetic acid (Merck,
Darmstadt, Germany) were used; this mix was then stirred, sonicated
and centrifuged at 5000 r.p.m. for 10 min. Subsequently, the super-
natant was collected and the extraction process was repeated for the
remaining fraction of lyophilisate.

The supernatants were dried in a rotary evaporator at 25 °C. Once
dry, the extract was reconstituted with 8 mL. NaHCO3; and the pH was
adjusted to 5.0 *+ 0.2 with 6 M NaOH. Mueller Hinton broth was added
to the extract to reach a final volume of 20 mL. The stock solution of
Aloe vera was 1280 mg/mL and was maintained at —80 °C until use.

2.4. Quantification of phenolic compounds

Total phenolic compounds present in the Aloe vera extract were
quantified using the Folin-Ciocalteu method [28,29]. The Folin-Cio-
calteu reagent (Merck, Darmstadt, Germany) was diluted 1:10, v/v. The
control curve was prepared using gallic acid as standard, achieving
concentrations of 0, 20, 40, 60, 80 and 100 mg/mL.

The samples were prepared in a final volume of 4 mL, with 400 pl of
extract, 2000 pl diluted Folin reagent and 1600 ul Na;COs. It was in-
cubated for 15 min at 45 °C with shaking; the samples were read on a
Pharo 300 spectrophotometer (Spectroquant®) and calibrated at a wa-
velength of 725 nm. Samples were analyzed in triplicate.

2.5. Bacterial strains

We used the following strains: Staphylococcus aureus subsp. aureus
ATCC® 29213™, Staphylococcus aureus subsp. aureus ATCC® 43300™ and
Streptococcus uberis ATCC® 9927™.

2.6. Determination of the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The Minimum Inhibitory Concentration (MIC) of cloxacillin, cef-
tiofur, and Aloe vera against the strains under study were determined
using the macrodilution technique in broth [30].

From the stock solutions, dilutions of the inhibitory agents were
made considering the recommendations of the CLSI for in vitro broth
susceptibility testing. This dilutions are recomended for testing the
activity of antimicrobial agents against bacterial culture [30].

In the case of cloxacillin and ceftiofur, stock solutions of 1280 ug/
mL were prepared; from these solutions we performed decreasing serial
dilutions, obtaining concentrations between 0.015 and 128 ug/mL. For
Aloe vera, a stock solution of 1280 mg/mL was prepared, from serial
dilutions were made, obtaining concentrations between 0.0156 and
128 mg/mL.

Eight mL of adjusted Mueller-Hinton Cation broth (Mueller-Hinton
II broth), 1 mL of bacterial inoculum (adjusted to 0.5 McFarland and a
final concentration of 5 x 10° CFU) and 1 mL of the inhibitory agent
(Aloe vera or antibiotics) were placed in each tube. A tube with 9 mL of
Mueller-Hinton II broth and 1 mL of bacterial inoculum (adjusted to 0.5
McFarland) was used as a positive control, and a tube with 10 mL of
Mueller-Hinton II broth without bacterial inoculum was used as a ne-
gative control. All tubes were incubated at a temperature of 37 = 2°C
for 18 h. The samples were analyzed in triplicate.

The MIC of each antibiotic and the Aloe vera extract was de-
termined visually by turbidity, comparing each with the negative
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control. This was confirmed by absorbance, using a Pharo 300 spec-
trophotometer (Spectroquant®), calibrated at a wavelength of 625 nm
[30]. The MIC was defined as the lowest concentration of the antibiotic
that inhibited bacterial growth.

The minimum bactericidal concentration (MBC) was defined by the
set of tubes used to define the MIC. They were extracted and seeded in a
100 L plate count agar from those tubes with concentrations corre-
sponding to 2, 3 and 4 times the MIC. As a positive control, a plaque
planted from the inoculum of the tube free from inhibitory agents was
used; a plaque with no inoculum and no antibiotic was used as a ne-
gative control. Plates were incubated at 37 = 2°C for 24 h. After in-
cubation, the MBC was evaluated by counting CFU/mL; the CMB was
defined as the antibiotic concentration that inhibited 99.9% of bacterial
proliferation.

In order to rule out the possibility that solvents used in the ex-
traction of the inhibitory compounds of the plant could significantly
influence the inhibition of bacterial growth, the lyophilized Aloe vera
was replaced with a compound without antimicrobial activity, in this
case diatomaceous earth, which is a siliceous sedimentary material
without antimicrobial activity, and the same extraction process was
carried out on this new substrate. Diatomaceous earth extract was
tested in concentrations equivalent to % MIC, % MIC, and 1 MIC of Aloe
vera, and its effect on bacterial proliferation was evaluated. Each con-
centration of diatomaceous earth extract was compared with the posi-
tive control, with no inhibitors, by CFU/mL count quantified after in-
cubation at 37 + 2°C for 24 h. The test was performed in triplicate.

2.7. Determination of the concentration of ceftiofur, cloxacillin and Aloe
vera to be used in combination

To define the concentrations of ceftiofur and cloxacillin that were
used in combination with Aloe vera, curves of bacterial proliferation
were performed for each. We followed the recommendations of
National Committee for Clinical Laboratory Standards [31], which state
that in the case of combining compounds with antimicrobial activity,
the inhibitory agent with greater antimicrobial potency should be
present in a concentration that does not affect bacterial proliferation.

Bacterial proliferation curves were carried out using the macro-
dilution method in broth, using decreasing concentrations of antibiotic
from the MIC defined for each. The dynamics of bacterial proliferation
were evaluated in cultures incubated at 37 * 2°C with mechanical
agitation at 150 r.p.m.; samples were taken at 0, 4, 8, 10 and 24 h of
incubation. At the time of each sampling, sowing was carried out in
microdrops, and CFU/ml was quantified after incubation at 37 + 2°C
for 24 h.

To define antibiotic concentration, comparisons were made between
the CFU/mL of each concentration with the positive control curve. The
selected concentrations of ceftiofur and cloxacillin were combined with
concentrations corresponding to ¥2 MIC, % MIC and 1/8 MIC for Aloe
vera. The lowest concentration that combined with the antibiotic in-
hibited bacterial proliferation was selected as Aloe vera’s concentration.

2.8. Determination of the interaction between inhibitory agents

The interaction type of each combination used against S. aureus
ATCC 29213, S. aureus ATCC 43300 and S. uberis ATCC 9927 was de-
fined using bacterial death curves. The interaction was defined as a
synergistic interaction when the association generated a reduction =2
logl0 CFU /mlL, and as additive when the reduction was < 2 logl10
CFU/mL at 24 h of incubation, as compared to the initial inoculum.

2.9. Development of bacterial resistance
The serial passage methodology described by Farrell et al. [32] was

used to evaluate the development of chromosomal bacterial resistance.
This test was performed for each inhibitory agent individually
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(ceftiofur, cloxacillin, and Aloe vera) and for associations (Aloe
vera + ceftiofur and Aloe vera + cloxacillin).

For each inhibitory agent, the first passage was started using 3 serial
dilutions under the MIC and 3 double serial dilutions over the MIC.
Tubes were inoculated with a bacterial concentration of 5 x 105 CFU/
mL and incubated at 37 * 2°C for 18 h. After incubation, inoculum
from the tube containing the concentration of antibiotic closest to MIC
and with an equivalent turbidity to the positive control tube was used
for the second passage. This procedure was repeated until 15 serial
passages were completed. All tests were performed in triplicate. The
inoculum selected for each passage was stored in glycerol (15%). We
analyzed the strain that generated chromosomal type resistance when
its MIC was increased 4 times.

To demonstrate that the strains obtained after the serial passage
process were derived from the strains used at the beginning of the
study, pulsed-field gel electrophoresis (PFGE) was performed on both
the parental and final strains. The samples were processed according to
the provisions of Unified PFGE for Gram-Positive Bacteria with some
modifications [33]. In short, a bacterial suspension with an optical
density of 0.6 to 420 nm was generated for all strains. The suspension
was subjected to preincubation at 55 °C for 45 min, with 1% proteolytic
enzyme lysozyme (Applichem, Glenview, IL, USA) and 0.00125% ly-
sostatin (St. Louis, MO, USA). Subsequently, blocks were prepared with
agarose "SeaKem Gold" at 1% (Lonza, Rockland, ME USA) and supple-
mented with SDS at 1% and 1 mg/ml proteinase K (Invitrogen, Wal-
tham, MA USA). The cells included in the plug were lysed for 3h at
55°C; the genome was digested with 30 U of Sma I (Thermo-Fisher
Scientific, Waltham, MA USA) at 25 °C for 3 h. The agarose blocks were
loaded on a 1% "Pulse Field Certified" agarose gel (Bio-Rad, Hercules,
CA USA) with 0.5% TBE buffer (45 mM Tris-HCl, 45 mM boric acid,
1 mM EDTA). Electrophoresis was performed in a CHEF-DR III system
(Bio-Rad) at 14 °C for 20 h, 6 V/cm with an initial pulse of 5.0 s and a
final pulse of 40.0 s. In each gel of 30 wells, 3 molecular weight markers
were included, corresponding to Salmonella braenderup H9812, in
order to normalize each gel. The blocks of Salmonella branderup were
treated as mentioned above, without including the preincubation with
lysozyme/lysostaphin, while their genome was digested with 50 U of
enzyme Xba I for 3h at 37 °C. The images obtained from each gel were
analyzed using the software "Gel Compar II' version 5.10 (Applied
Maths, Sint-Martens-Latem, Belgium).

Finally, dendrograms were generated using the Dice similarity
coefficient, based on bands and the UPGMA method, with a range of
1.5-2% tolerance in the same position [34-36]. Strains were considered
clones when they presented a band pattern similarity of = 95%.

2.10. Statistical analysis

The data were analyzed using the statistical software GraphPad
Prism 6.01. To define the antibiotic concentrations used in our com-
binations, a Kruskal-Wallis non-parametric analysis of variance fol-
lowed by Dunn's multiple comparison tests with a level of significance
of p = 0.05 were performed.

3. Results
3.1. Quantification of phenolic compounds

The content of total phenols present in the Aloe vera extract was
1.8 = 0.02 g GAE/L, equivalent to 114.03 mg GAE/100 g of extract.

3.2. Minimum inhibitory concentration and minimum bactericidal
concentration

The antimicrobial activity of Aloe vera extract against the bacterial
strains studied is shown in Table 1. The MICs of cloxacillin and ceftiofur
in the reference strains are within the range established by the Clinical
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Table 1
Minimum inhibitory concentration and minimum bactericidal concentration of ceftiofur, cloxacillin and Aloe vera extract against reference strains.
MIC MBC
Microorganism Cloxacillin Ceftiofur Aloe vera Cloxacillin Ceftiofur Aloe vera
ug/mL pg/mL mg/mL pg/mL pg/mL mg/mL
S. aureus ATCC 29213 0.25 0.25 40 4 4 120
S. aureus ATCC 43300 2 0.5 40 8 4 120
S. uberis ATCC 9927 0.25 0.125 20 2 2 60
MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration.
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Fig. 1. Comparison between the effect of diatomaceous earth extract (40 mg/mL) and Aloe vera extract (40 mg/mL) on the proliferation of S. aureus ATCC 29213 (a),

S. aureus ATCC 43300 (b) and S. uberis ATCC 9927 (c).

ns: Non significant; (***) p < 0.001; C+: Positive control; De: Diatomaceous earth; Aloe: Aloe vera extract.

Laboratory Standards Institute [30].

3.3. Effects of solvents contained in the extract

Fig. 1 shows the results of the solvent test on the proliferation of S.
aureus ATCC 29213, S. aureus ATCC 43300 and S. uberis ATCC 9927.
Solvents used in the extraction process do not significantly influence
bacterial proliferation with respect to the positive control (p > 0.05).

3.4. Choice of inhibitory agent concentrations

Table 2 shows the lowest antibiotic concentrations that used in
combination with Aloe vera were able to achieve inhibition. Five as-
sociations achieved an additive effect against the strains studied; the
only association that achieved a synergistic effect was Aloe vera and
cloxacillin against S. aureus ATCC 29213.

3.5. Number of serial passages presenting resistance

The strain S. aureus ATCC 29213 needed an average of 8 serial
passages to increase MIC 4-fold against cloxacillin (from 0.25 to 1 ug/
mL) and an average of 14 serial passages against ceftiofur (from 0.25 to
1 ug/mL) (Table 3 and Figs. 2 and 3). After 15 passages, there was no
increase in MIC against Aloe vera alone or in combination with

cloxacillin or ceftiofur.

The strain S. aureus ATCC 43300 needed an average of 7 serial
passages to increase MIC 4-fold against cloxacillin (from 2 to 8 pg/mL)
and an average of 6 serial passages against ceftiofur (from 0.5 to 2 pg/
mL) (Table 3 and Figs. 4 and 5). After 15 passages, there was no in-
crease in MIC against Aloe vera alone or in combination with cloxacillin
and ceftiofur.

The strain S. uberis ATCC 9927 did not increase MIC over 15 serial
passages compared to any of the previously described treatments.

3.6. Pulsed-field gel electrophoresis

After performing PFGE, the strains obtained at the end of the serial
passages had a band pattern that were indistinguishable from their
parental strains. Supplementary Figs. 1-3 show the dendrograms of the
parental S. aureus ATCC 2921, S. aureus ATCC 43300 and S. uberis ATCC
9927 strains, as well as the strains obtained at the end of the passages.

4. Discussion

Bacterial resistance has rapidly become a problem with global im-
plications; therefore, the search for new therapeutic alternatives for the
treatment of infectious diseases of bacterial origin should be one of the
priority objectives in its management, as indicated by the World Health

Table 2
Concentrations of the combinations that achieved an inhibitory effect on S. aureus ATCC 29213, S. aureus ATCC 43300 and S. uberis ATCC 9927.
Microorganism Association concentration Initial inoculum® Final inoculum” Effect type
S. aureus ATCC 29213 20 mg/mL AV + 0.06 ug/mL CLX 5.56 = 0.22 3.1 * 017 Synergistic
20 mg/mL AV + 0.06 ug/mL CEF 5.56 = 0.22 4.25 = 0.24 Aditive
S. aureus ATCC 43300 20mg/mL AV + 0.06 ug/mL CLX 5.35 = 0.1 4.7 = 0.24 Aditive
30 mg/mL AV + 0.125 pg/mL CEF 5.35 = 0.1 5.29 = 0.27 Aditive
S. uberis ATCC 9927 10 mg/mL AV + 0.06 pg/mL CLX 5.18 = 0.12 5.13 = 0,11 Aditive
10 mg/mL AV + 0.03 ug/mL CEF 5.18 = 0.12 5.07 = 0.17 Aditive

AV: Aloe vera; CLX: Cloxacillin; CEF: Ceftiofur; (*) Quantified after incubation at 37 + 2°C for 24 h.
@ Initial inoculum corresponds to amount of CFU (Log10CFU/mL) before administering the treatment.
> Final inoculum corresponds to amount CFU (Log10CFU/mL) after administering the treatment.
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Table 3
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Changes in antibiotic susceptibility after 15 serial passages for the strains S. aureus ATCC 29213, S. aureus ATCC 43300 and S. uberis ATCC 9927.

Microorganism Antibiotic Initial MIC (ug/mL) N’ resistance passages* Final MIC (ug/mL) Level of increase CIM

S. aureus ATCC 29213 Cloxacillin 0.25 6 2 5.3
Ceftiofur 0.25 14 1 3.3
Aloe vera 40 - 40 0
Aloe + cloxacillin (20 mg + 0.06 pg)/mL - (20 mg + 0.06 pg)/mL 0
Aloe + ceftiofur (20 mg + 0.06 pg)/mL - (20 mg + 0.06 ug)/mL 0

S. aureus ATCC 43300 Cloxacillin 2 6 32 26.6
Ceftiofur 0.5 7 64 46.6
Aloe vera 40 - 40 0
Aloe + cloxacillin (20 mg + 0.6 pug)/mL - (20 mg + 0.06 pg)/mL 0
Aloe + ceftiofur (30 mg + 0.125 pg)/mL - (30 mg + 0.125)/mL pg)/mL 0

S. uberis ATCC 9927 Cloxacillin 0.25 - 0,25 0
Ceftiofur 0,125 - 0.125 0
Aloe vera 20 - 20 0
Aloe + cloxacillin (10 mg + 0.06 pg)/mL - (10 mg + 0.06 pg)/mL 0
Aloe + ceftiofur (10 mg + 0.03 pg)/mL - (10 mg + 0.03 pg)/mL 0

* Resistance emergency: 4-fold increase in MIC compared to the initial passage. Results in triplicate.

8_
-o- Cloxacillin

-0+ Aloe Vera + Cloxacillin
—+— Aloe vera

Fold change in MIC

9101112131415
Passage number

Fig. 2. Level of change with respect to the initial MIC of S. aureus ATCC 29213
after 15 serial passages versus Aloe vera, cloxacillin and Aloe vera + cloxacillin.
In each passage, the reference strain with no prior exposure to antibiotic
treatment was used as a control. The dotted line indicates a 4-fold increase in
the initial MIC of the strain.

8_

-o- Ceftiofur

-+ Aloe Vera + Ceftiofur
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Fold change in MIC

— T
101112131415
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Fig. 3. Level of change with respect to the initial MIC of S. aureus ATCC 29213
after 15 serial passages versus Aloe vera, ceftiofur and Aloe vera + ceftiofur. In
each passage, the reference strain with no prior exposure to antibiotic treatment
was used as a control. The dotted line indicates a 4-fold increase in the initial
MIC of the strain.

Organization [8]. The antimicrobial activity of Aloe vera against pa-
thogenic bacteria such as S. aureus, Helicobacter pylori, Streptococcus
mutans, Pseudomonas aeruginosa, among others, has been described
previously in various publications [20,21,24,37]. However, the
minimum inhibitory concentration differs between different in-
vestigators.

After extracting Aloe vera compounds with antimicrobial activity
based on methanol, we determined an MIC value of 40 mg/mL was
sufficient against S. aureus ATCC 29213 and S. aureus ATCC 43300. Our
results are consistent with those reported by Habeeb et al. [21], who
obtained a MIC of 37.5 mg/mL against strains of methicillin-resistant S.
aureus using an extraction of Aloe barbadensis Miller based on hexane,

64 -
-o- Cloxacillin
o] 32 -~ Aloe vera + Cloxacillin
E 16 —+— Aloe vera
9 8
C
[
ey
o
e}
(e}
L
0.5+—T—F T T 7T T T 7T T T
012345678 9101112131415

Passage number

Fig. 4. Level of change with respect to the initial MIC of S. aureus ATCC 43300
after 15 serial passages versus Aloe vera, cloxacillin and Aloe vera + cloxacillin.
In each passage, the reference strain with no prior exposure to antibiotic
treatment was used as a control. The dotted line indicates a 4-fold increase in
the initial MIC of the strain.

128+
64
32

-o- Ceftiofur
-3~ Aloe vera + Ceftiofur
-+ Aloe vera

Fold change in MIC

567 8 9101112131415

Passage number

Fig. 5. Level of change with respect to the initial MIC of S. aureus ATCC 43300
after 15 serial passages versus Aloe vera, ceftiofur and Aloe vera + ceftiofur. In
each passage, the reference strain with no prior exposure to antibiotic treatment
was used as a control. The dotted line indicates a 4-fold increase in the initial
MIC of the strain.

chloroform, and methanol. Other authors, such as Cataldi et al. [16],
recorded a MIC of 800 mg/mL against the strain S. aureus ATCC 29213
after performing an extraction based on 2% dimethyl sulfoxide; Pandey
and Mishra [38], obtained a MIC of 0.5 mg/mL using an ethanol extract
against strains of S. aureus isolated from humans.

Although such variations in MIC can be related to the chemical
solvents used in the extraction process of inhibitory compounds, re-
search has indicated that variables related to climate (temperature,
rainfall, wind patterns), geography (growth orientation, place of har-
vest), and the plant itself (age) can also influence and modify the
concentration and potency of various compounds with biological ac-
tivity in plants, such as Aloe vera [39].

It is important to highlight that by combining Aloe vera with
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cloxacillin or ceftiofur, the necessary concentrations were 4 to 32-fold
lower than the MIC defined for each antibiotic alone against S. aureus
ATCC 29213 (Figs. 2 and 3), S. aureus ATCC 43300 (Figs. 4 and 5) and
S. uberis ATCC 43300. The reduction of the MIC of each antibiotic can
be explained by the interactions developed between the components of
the combinations. Previous in vitro studies indicate that the additive and
synergistic effects that occur when combining compounds of natural
origin and traditional antibiotics, reduce the MIC values of each com-
ponent used [23,24].

A second aspect worth highlighting, and the reason we conducted
this research, is that Aloe vera used either alone or in combination with
ceftiofur and cloxacillin could delay the appearance of chromosomal
resistance. Similar results were obtained by Suzuki et al. [40], who used
serial passages and subsequent massive sequencing to demonstrate that
simultaneous use of enrofloxacin and enoxacin on Escherichia coli,
suppresses the acquisition of resistance against these antibiotics. In the
case of Suzuki et al. [40], two types of antibiotics were used, not a
combination of an antibiotic with a natural product, but as in the study
conducted by them, there was a delay in the appeareance of chromo-
somal resistance. The use of massive sequencing techniques has allowed
researchers to corroborate that the use of drug combinations and their
alternation slow down the evolution of resistance against some of the
drugs that make up the combination [41].

It is expected that the evolution of bacterial resistance will be faster
in monotherapies than in drug associations with different mechanisms
of action, because mutations that confer resistance to an antimicrobial
agent should not provide a great advantage in a multidrug environment
[41], and at the same time, many more independent mutations would
be required in order to become resistant to combination therapy [15].

Aloe vera, when used individually, did not generate the appearance
of resistant strains; this effect can be attributed to the fact that this plant
possesses more than one mechanism of antimicrobial action. Aloe vera
has about 75 active compounds, of which anthraquinones aloin and
Aloe emodin have antimicrobial activity [16,20]. Aloin works to de-
stabilize metalloproteinases and decrease the availability of in-
tracellular calcium available in gram-positive bacteria, thus inhibiting
protein synthesis, mechanism of action homologous with tetracyclines
[42,43]. On the other hand, the ability of Aloin disrupt cell membranes
has been proven; this process occurs through weakening of hydrophobic
interactions between the carbon chains of the phospholipid bilayer
[44].

In this investigation, S. uberis did not increase its MIC levels com-
pared to any of the treatments. Although Haenni et al. [45], describes
that strains of S. uberis may develop resistance after selective pressure
caused by synthetic antibiotics, their phylogenetic closeness with
Streptococcus pyogenes could explain the lack of increased resistance
levels. Even though S. pyogenes historically has been exposed to the
action of beta-lactam, there are practically no isolates of this bacterium,
or any other phylogenetically related, resistant to penicillins; likewise,
obtaining experimentally resistant strains in vitro is equally complex.
Thus, the development of resistance can vary within different micro-
organisms belonging to the same genus [46].

Finally, it should be noted that during serial multipassages, the final
strains come from the parental strain used at the beginning of the ex-
periment. Molecular typing techniques such as the pulsed field elec-
trophoresis, used in this work, are useful for monitoring strains for short
periods of time. The analysis of dendrograms showed that the R.ACLX2
strain has a band pattern with 97% homology to the parental strain, as
well as an additional band. This can be explained due to genetic events
such as insertions, deletions, re-arrangements or substitutions that can
generate changes in the size of the DNA fragments which, depending on
their magnitude and location, may or may not be detected. Mutations in
the restriction site of the Smal enzyme can generate variations in the
molecular weight of the DNA fragments obtained by enzymatic diges-
tion [47].
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5. Conclusions

The use of Aloe vera, either alone or in combination with synthetic
antibiotics, is effective in inhibiting and delaying the onset of resistance
in strains of S. aureus ATCC 29213 and S. aureus ATCC 43300. These
results show that compounds of natural origin are a viable alternative to
address the current problem of bacterial resistance. Antibiotics ad-
ministered in combination with Aloe vera make it possible to confront
the problem of the excessive synthetic antibiotic use in the treatment of
bacterial diseases and contributing to the search for new therapeutic
alternatives in order to deal with bacterial resistance. Further research
is needed before using this strategy in veterinary practice, like the
pharmacokinetic and pharmacodynamics study of this combinations in
an animal model, like bovine clinical mastitis, among other studies.

In this study, we confirmed that Aloe vera extract, used alone or in
combination with synthetic antibiotics, has an inhibitory effect and
delays the selection of resistant strains of bacterial pathogens com-
monly isolated from bovine clinical mastitis cases.
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