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ABSTRACT

Strangle in the horses is the commonest and the most significant infectious disease. An antibiotic of
the first choice, commonly Penicillin, is used for antimicrobial therapy. Due to side effects and resistance against used
antibiotics, interest in novel antimicrobial substances from other sources, including herbal medicine as safe agents has been
raised. This study evaluated the antibacterial susceptibility profile of Streptococcus equi subsp equi in the confrontation of
Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone on bacterial pathogens isolated from the horse.

Two hundred clinically isolates were studied by the single disk method to Ampicillin, Ciprofloxacin,
Trimethoprim sulfamethoxazole, Gentamicin, Enrofloxacin, Chloramphenicol, Azithromycin, Cefotaxime, Oxytetracycline,
Erythromycin, and Penicillin. Paper discs were prepared by impregnation in 10 uL essential oils main compounds (EOMC).
The antibacterial activities of Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone were evaluated by microbroth dilution and
disk diffusion methods against isolates of S. equi.

All the isolates were resistant to Trimethoprim-sulfamethoxazole and Cefotaxime. The maximum
growth inhibition zone was related to Oxytetracycline and Ampicillin. The growth inhibition zone diameter was 30 mm, 20
mm, and 26 mm for Trans-cinnamaldehyde, Pulegone, and 1, 8 Cineole, respectively. The results of the Minimum inhibitory
concentrations (MICs) and Minimum Bactericidal Concentrations (MBCs) showed that Trans-cinnamaldehyde had the
highest antibacterial activity compared to other EOMC against S. equi. This study indicated that Trans-cinnamaldehyde, 1,
8 Cineole, and Pulegone revealed antibacterial properties; therefore, these main constituents of the medicinal plant could
be a safe candidate for the new antibacterial products.
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Introduction

Streptococci that are pathogenic for equids include
Streptococcus equi, Streptococcus zooepidemicus, and
Streptococcus dysgalactiae, which cause strangles,
respiratory disease, metritis, and infrequent etiologies
of lymphadenitis and placentitis (1, 2). S. equi subsp.
equi, is a Gram-positive bacterium that produces a
beta-hemolysin, characterized by hemolysis around
colonies growing on blood agar. S. equi causes strangle,
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a highly contagious infection in the upper respiratory
tract and associated lymph nodes (1, 2). Given that this
disease is one of the most important diseases in horses,
choosing the appropriate drug for treatment is
extremely important (1, 2). The clinical form of the
disease manifests as an acute disease of varying
severity, with the presence of guttural pouches and
retropharyngeal lymph node infection, and as a chronic
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disease is associated with metastatic infection in other
organs of the upper respiratory tract (2). In the
treatment of bacterial-induced respiratory disease in
the horse, Penicillin, enrofloxacin, chloramphenicol,
and gentamicin are commonly used (2). Antibiotics bear
several side effects, including kidney failures such as
toxic nephritis and liver failures, as well as neurologic
signs observed in horses (3). Given the development of
antimicrobial resistance (AMR), the use of various safe
sources such as essential oil, extract, and other agents
from plants has been proposed as alternative agents to
be substituted with synthetic antibiotics (4). It has been
shown that medicinal plants and their compounds
could effectively hinder the growth of microorganisms
(5-7). Trans-cinnamaldehyde (TC) is an aromatic
aldehyde that is extracted as the main component of
the bark extract of cinnamon, Cinnamomum
zeylandicum. This compound possesses antimicrobial
activity against numerous microorganisms (7-9). 1, 8-
Cineole (Eucalyptol) is a biologically active terpene, as a
chief constituent present in essential oils of several
popular aromatic plants and spice oils like Mentha
longifolia, Thymus vulgaris, Zingiber officinale,
Rosmarinus officinalis, and Artemisia dracunculus
(10,11). Pulegone is a natural monoterpene ketone
obtained from the essential oil of a variety of plants (12,
13). Pulegone bears antibacterial, pesticidal, anti-
feedent, and insect repellant properties (14). S. equi is
an important pathogenic bacterium in horses, which
has recently been the subject of antibiotic resistance,
and new alternative drugs with fewer side effects
should be sought, and herbs can be considered as a
good alternative in this regard. Considering that Trans-
cinnamaldehyde, 1, 8 Cineole, and Pulegone are
present in a wide range of medicinal plants, comparing
these three substances' effects can help determine the
antibacterial effect of medicinal plants against S. equi.
Therefore, this study evaluated the antibacterial
susceptibility profile of S. equi in the confrontation of
Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone on
bacterial pathogens isolated from the horses.

Materials and Methods

Chemicals
Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone as
essential oils main compounds (EOMC) and Reassuring
powder were purchased from Sigma (Chemical Co., St.
Louis, MO).

Isolation and Identification of Bacteria
In this study, nasal swab samples were collected from
200 horses with the history of a respiratory disease. The
sterile nasal swab sample was prepared and transferred
to a sterile tube. The samples were transferred to the
laboratory as soon as possible under ice and cultured
on a blood agar medium and were incubated at 37°C for

Year 15, Issue 5 (September & October 2021)

24-48 h. The colonies suspected to Streptococcus spp.
were carefully chosen, and after Gram staining, their
morphology was observed under a microscope.
Catalase and oxidase tests were accomplished on
purified samples. Streptococcus diagnostic media were
used to culture Gram-positive cocci, catalase-negative
and negative oxidizing bacteria. The basic biochemical
characteristics using standard bacteriological techniques
were adopted to identify the isolates (15).

Antibacterial Activity Assay

Using micro broth dilution and agar disk diffusion,
antibacterial properties of the essential oils were
assessed (16). First of all, Muller-Hinton agar (Merck®,
Germany) was used to culture bacterial suspensions
from clinical isolates prepared in sterile normal saline.
To perform a disk diffusion test, sterile filter paper discs
(6 mm in diameter) were impregnated in 10 uL EOMC
(Trans-cinnamaldehyde 99%, 1, 8 Cineole 99%, and
Pulegone 96%) separately and left to dry completely for
20-25 minutes, then placed on the inoculated culture
medium. In this study, to determine the antibiotic
susceptibility of S. equi isolates against 11 different
antibiotic classes, the Kirby-Bauer disk diffusion
susceptibility test was performed according to the
Clinical and Laboratory Standards Institute
recommendations (CLSI). The antibiotic disks included
Trimethoprim Sulfamethoxazol (SXT, 25ug),
Enrofloxacin (NFX, 5 pg) Chloramphenicol (C, 30 pg),
Ampicillin  (AM, 10ug), Azithromycin (AZIl, 15ug),
Cefotaxime (CTX, 30ug), Oxytetracycline (T, 30ug),
Ciprofloxacin (CP, 5upg), Erythromycin (ER, 15 pug),
Gentamicin (GM, 10ug), and Penicillin (PEN, 10ug)
(Padtan Teb Co, Iran).

Determination of Minimum Inhibitory Concentration
and Minimum Bactericidal Concentration
The broth microdilution method was conducted to
determine the Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC)
of the EOMC. MIC and MBC were tested in the
microplate reader, using 96 well plates. Each well of
microplate was loaded with a total volume of 100 uL
containing Mueller-Hinton broth (MHB). Different
concentrations of each EOMC were prepared by serial
dilution in MHB (17, 18). One hundred microliters of
inoculums contain 5x10° CFU/mL of test bacteria were
added to each well. Positive control and negative
controls were noticed. Reassuring powder was diluted
in distilled water (1 mg/mL and 10 pL) was added to
each well. Incubation was done at 37°C for 24 h. The
MIC was determined by the lowest concentration of
EOMC which would inhibit the growth of bacteria
apparently. 20 pL of the suspension of well before
were cultured on BHI agar for evaluation of MBC (17).

Statistical Analysis
All tests were repeated in triplicate. The mean and
standard deviation (SD) of the growth inhibition zone
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diameter in the disk-diffusion method as well as the
MIC and MBC of the EOMC, Gentamicin,
Cotrimoxazole, Tetracycline, Ciprofloxacin, Saftrixone,
and Amoxicillin were determined. Data were analyzed
using SPSS 19 (SPSS Inc., Chicago, Ill., USA).

Results & Discussion

The results of the susceptibility test showed that
100 % of isolates were resistant to Trimethoprim-
sulfamethoxazole (SXT), Cefotaxime (CTX30), 80% to

Penicillin (P10), and 70% to Azithromycin (AZI15). The
diameter of the growth inhibition zones is 30 mm, 20
mm, and 26 mm for Trans-cinnamaldehyde, Pulegone,
and 1, 8 Cineole, respectively. Oxytetracycline and
Ampicillin created the largest diameter of the growth
inhibition zone (Figure 1, 2, and Tables 1). The results
of the MICs and MBCs tests showed that Trans-
cinnamaldehyde (MIC: 33.57+12.69 mg mL* and MBC:
67.15+25.38 mg mL™) has the highest and Pulegone
(MIC: 307.00+76.75mg mL'and MBC: 460.5+00.00
mg mL?) has the lowest effect of antibacterial had
against S. equi. Details are presented in Table 2.

Table 1. Percentage of Isolates Susceptible, Moderately Susceptible or Resistant to Each Antibiotic Disk Diffusion

Method

Amoxicillin (AMX25) -

Penicillin (P10) 80
Gentamicin (GM10) -
Enrofloxacin (NFX5) -
Cefotaxime (CTX30) 100
Trimethoprim (SXT) 100

Chloramphenicol (C30) -
Azithromycin (AZI15) 70

Ciprofloxacin (CP5) -
Erythromycin(E15) =
Oxytetracyclin (T-30) -

- 100
10

- 100
= 100

- 100
= 30

- 100
= 100
- 100

Table 2. MICs and MBCs of Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone against clinically isolated bacteria

Trans-cinnamaldehyde 1, 8 Cineole Pulegone
Bacteria MIC MBC MIC MBC MIC MBC
(mg mL1) (mg mL1) (mg mL1) (mg mL1) (mg mL1) (mg mL1)
S. equi 33.57+12.69 67.15+25.38 76.74+19.18 153.5£38.37 307.00+£76.75 460.5+£00.00
35
30 30
30 7 26.6 266 35
a5 236
20 20
20
16
15
10
5
0
P - S SR I N &
& M & & {P‘.}o@ & &

Figure 1. Diameter of inhibition zone (mm) of Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone and antibiotic disk extracts

tested against clinically isolated bacteria
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In the present study, one of the most important,
contagious, and common pathogens of the equine
respiratory system was evaluated. Strangle is
considered one of the three most important and
hazardous diseases of the equine respiratory system.
The findings of the antibiogram test indicated that S.
equi isolated from clinically ill animals were resistant
to some common antibiotics like Trimethoprim-
sulfamethoxazole, Cefotaxime, Penicillin, and
Azithromycin. Because of the extensive use of
antimicrobials in veterinary practices, it appears that
it is a chief cause of acquired bacterial resistance and
could play a role in developing resistance to
Trimethoprim-sulfamethoxazole, Cefotaxime, Penic-
illin, and Azithromycin. Regarding AMR observed in
horses undergoing treatment with the common
antibiotic combination, as shown in our study, the use
of medicinal plants and their compounds has been
proposed as a substitution for synthetic agents
(antibiotic). Many studies worldwide have revealed
that essential oils and other extracts of medicinal
plants could hinder the growth of bacteria and fungi.
Interestingly, it was discovered that nanoemulsion of
Trans-cinnamaldehyde and 1, 8 cineole had
substantial antibacterial activity against S. aureus and
E. coli (19). Others revealed that Trans-
cinnamaldehyde had bacteriostatic and bactericidal
activity against the Staphylococcus spp. (20).

The antimicrobial effects of Trans-cinnamaldehyde
on airborne pathogens have been declared. Trans-
cinnamaldehyde has antibacterial properties across
an array of Gram-negative and Gram-positive
bacteria, including  Porphyromonas gingivalis,
Staphylococcus spp., Listeria spp., Streptococcus
pyogenes, Salmonella  spp.,  Escherichia  coli,
Lactobacillus sakei, Vibrio spp., Cronobacter sakazakii,
and Pseudomonas spp (21). A study of the therapeutic
effect of 1, 8-Cineole on pathogenic bacteria species
present in chronic rhinosinusitis, showed an inhibiting
effect of 1, 8-Cineole on these organisms (22). Another
study showed that 1, 8 Cineole has increased the
antimicrobial activity of chlorhexidine gluconate
against all microorganisms (methicillin-resistant S.
aureus, S. aureus, E. coli, Candida albicans, K.
pneumoniae, and Enterococcus faecalis) except P.
aeruginosa (23). Another investigation showed that
the essential oil of Mentha pulegium L. had a potent
antimicrobial activity (24). It has been shown that the
essential oil of lavender possessed more potent in
vitro activity than the common antibiotics for the
management of infections caused by S. equi
subspecies (25). One study has shown that the
essential oils from Mentha spicata and Mentha
pulegium have antimicrobial activity, and these plants
had high concentrations of Carvone and Pulegone can
be used for treating microbe-related illnesses (26).
The result of another study showed M. pulegium has
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good potential for control of Klebsiella infections (27).
Multiple hypotheses have been suggested to explain
the mechanism of action of essential oils antimicrobial
activity, given that essential oils contain differences in
structure. It should be considered that their
antimicrobial activity may be associated with more
than one specific mechanism, and this has reduced the
resistance of bacteria to medicinal plants. Given that
essential oils are hydrophobic, this critical property
helps them target the lipid-containing bacterial
mitochondria and cell membrane, and these
compounds can impair membrane proteins, ending up
the depletion of the proton motive force, leakage of
cell contents, and coagulate cytoplasm. The proposed
mechanisms could be activated as a consequence of
another, resulting in a multiplicity of mechanisms or
may act independently (28).

diameter of inhibition zone (mm) of Trans-cinnamaldehyde,
1, 8 Cineole, and Pulegone

The exact mechanisms of Trans-cinnamaldehyde, 1,
8 Cineole, and Pulegone activity in S. equi infection
needs further illumination. It was proposed that trans-
cinnamaldehyde revealed an antimicrobial effect by
binding the carbonyl group of proteins of bacteria and
preventing the decarboxylation of amino acids (29).
The findings of the minimum inhibitory and
bactericidal concentration in this study showed that
Trans-cinnamaldehyde, 1, 8 Cineole, and Pulegone
had an effective antibacterial effect against S. equi.

Conclusion

The results of our study indicated that Trans-
cinnamaldehyde, 1, 8 Cineole, and Pulegone had
antibacterial properties and could be considered an
available and affordable source and option for
synthetic antibiotics in the treatment process of
strangles.
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