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Abstract | Pyometra is a serious reproductive condition in female dogs, often caused by antibiotic-resistant Escherichia
coli, which complicates treatment due to its resistance to common antibiotics. This study explores the potential of es-
sential oils from Mentha spicata, Perilla frutescens, and Ocimum basilicum to combat Escherichia coli strains isolated from
pyometra cases, both alone and in combination with the antibiotic norfloxacin. Using the disk diffusion method, we
assessed the antibiotic resistance profiles of the bacteria, revealing significant resistance to amoxicillin, ampicillin, cef-
tazidime, streptomycin, colistin, and doxycycline. The bactericidal activity of the essential oils was determined through
minimum bactericidal concentration (MBC) tests, with Mentha spicata exhibiting the highest MBC, significantly
outperformed by norfloxacin. Notably, Ocimum basilicum and Mentha spicata demonstrated synergistic and additive
effects with norfloxacin, while Peri/la frutescens had no significant interaction. This study highlights the promising role
of essential oils as adjuncts to antibiotics in treating antibiotic-resistant Escherichia coli infections in dogs, providing
new insights into potential therapeutic strategies for pyometra.
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INTRODUCTION

As society advances, the growing interest in pet own-
ership has resulted in a notable increase in the popu-
lation of pet dogs. However, this growing dog population
also heightens the risk of disease outbreaks. Among the
various affecting dogs, pyometra in female dogs is one of
the most prevalent (Hagman, 2023). The uterus plays a
vital role in reproduction, serving as the site for fetal de-
velopment. This condition is becoming more widespread,
significantly affecting the health, fertility, and reproductive

capacity of dogs. Without timely treatment, it can pose a
severe threat, potentially leading to high mortality rates
(Rafael ez al., 2024).

Multiple studies have identified Escherichia coli as the most
frequently isolated bacterium from endometritis fluid
(Hagman and Kuhn, 2002; Harada ez a/., 2024; Ylhiin-
en ¢t al., 2025). This pathogen enters through the vaginal
tract and causes uterine damage. The infection primar-
ily occurs during estrus, mating, childbirth, or abortion.
Antibiotics are widely used for both the prevention and
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treatment of infections caused by Escherichia coli. Howev-
er, this bacterium develops antibiotic resistance at a rapid
rate, highlighting the urgent need for effective treatment
options. Escherichia coli exhibits resistance to several com-
monly used antibiotics, including B-lactams (ampicillin,
piperacillin, amoxicillin, cefazolin, ceftazidime, cefepime,
meropenem), aminoglycosides (streptomycin, amikacin),
tetracyclines (tetracycline), and folate pathway inhibitors
(trimethoprim, sulfamethoxazole) (Carvalhoa ez a/., 2016;
Harada ez al., 2024). Long-term use of synthetic antibiot-
ics can contribute to increased resistance, making bacterial
infections more difficult to manage. Moreover, they can
facilitate the transfer of antibiotic resistance from bacteria
in animals to those in humans (Nair ¢7 a/., 2018). In recent
years, antibiotic resistance has emerged as a critical glob-
al health challenge. Globally, approximately 50-80% of all
antibiotics are used for livestock rather than for humans.
Moreover, approximately 75% of antibiotics used remain
in the environment because they are not fully metabolized
by animals (Xu e a/.,2022).This also contributes to the de-
velopment of antibiotic-resistance genes in environmental
bacteria (Bava ez al., 2024).

To address these challenges and promote sustainable ap-
proaches to disease prevention and treatment in pets, many
scientific studies have investigated the potential of anti-
bacterial essential oils derived from herbs as substitutes for
synthetic antibiotics (Galgano ez a/., 2022; Aouadhi ez al.,
2024). In Vietnam, aromatic herbs such as Mentha spicata,
Perilla frutescens, and Ocimum basilicum are commonly used
as food ingredients. These herbs are not only popular as
culinary spices but are also widely utilized for extracting
essential oils with medicinal properties. The essential oils
derived from these three herbs contain valuable bioactive
compounds. Mentha spicata essential oil is rich in 1,8-ci-
neole (17.0%), limonene (20.8%), and carvone (40.8%)
(Mahboubi, 2021). Perilla frutescens essential oil primari-
ly consists of B-caryophyllene (4.89%), limonene (5.61%),
and perillaldehyde (77.49%) (Ahmed and Al-Zubaidy,
2020). Ocimum basilicum essential oil contains 1,8-cineole
(7.4%), linalool (16%), and estragole (52.2%) (Pandey e#
al., 2014). Numerous studies have highlighted the anti-
bacterial effects of these bioactive compounds. Kamatou e7
al. (2008) reported that these compounds exhibited strong
antibacterial activity against both Gram-negative and
Gram-positive bacteria. Their effectiveness was evaluated
against three Gram-positive bacteria (Szaphylococcus aureus,
Micrococcus luteus, and Bacillus subtilis) and two Gram-neg-
ative bacteria (Escherichia coli and Klebsiella pneumoniae)
(Sharmaa ez al.,2020), as well as against Escherichia coli and
Listeria monocytogenes (Angane ef al., 2023).

As a result, these essential oils hold significant potential for
eliminating Escherichia coli, a bacterium responsible for py-
ometra in dogs. Additionally, research suggests that com-

bining herbal essential oils with antibiotics can produce
synergistic effects (Moussaoui and Alaoui, 2016; Boony-
anugomol ez al.,2017; Romo-Castillo ez a/.,2023; Drioiche
et al., 2024). Previous studies have suggested that combin-
ing essential oils with antibiotics may reduce the required
dosage and enhance efficacy against resistant strains. This
study aims to evaluate the bactericidal effects of essential
oils from Mentha spicata, Perilla frutescens, and Ocimum ba-
silicum, both individually and in combination with an an-
tibiotic, against antibiotic-resistant Escherichia coli isolated
from pyometra in dogs.

MATERIALS AND METHODS

EXTRACTION AND  ANALYSIS Broactive
ComPOUNDS IN EsSENTIAL O1Ls

Mentha spicata, Perilla frutescens, and Ocimum basilicum
were harvested from an herb garden in Tra Vinh Prov-
ince, Vietnam, in June 2024. These herbs were grown
without the use of pesticides or growth stimulants. Prior
to use, all herbs were authenticated by the Department of
Crop Science, Tra Vinh University, Vietnam, based on the
morphological characteristics of the stem, branches, and
leaves. Essential oils were obtained through steam distil-
lation as described by Elhafez (2022). Following harvest,
the herbal leaves were dried at 40°C. Subsequently, 150 g
of dried leaves and 500 ml of water were added to a 1000
ml round-bottom flask in the Clevenger essential oil distil-
lation system (Witeg, Germany). The mixture was heated
to 100°C for 5 hours. The extracted essential oils were then
separated from water using sodium sulfate and stored at a
temperature of 4°C until use. The composition and relative
content of volatile compounds in the essential oils were
analyzed using gas chromatography-mass spectrometry
(GC-MS) (Agilent 6890N, Agilent Technologies, USA)
(Adams, 2007).

OF

CULTURING AND ISOLATING

Escherichia coli was isolated from five clinical samples
(uterine inflammatory fluid). The samples were collected
from dogs with pyometra at veterinary clinics in Tra Vinh
Province, Vietnam. These dogs were diagnosed with py-
ometra and treated with ovariohysterectomy, and had not
been treated with antibiotics prior to collection. The cul-
turing and isolation process was carried out following the
guidelines of Carroll and Pfaller (2023). After collecting
samples at the veterinary clinic, the uterine inflammatory
fluid was placed into Buffered Peptone Water (BPW) and
incubated at 37°C for 24 hours. A swab was streaked onto
Mac Conkey (MC) and Eosin Methylene Blue (EMB)
media, then incubated at 37°C for 24 hours. Subcultures
were made until uniform colonies appeared. On MC agar,
the bacteria formed large, round, pale pink colonies with
slightly raised, non-mucoid surfaces, and distinct edges,

June 2025 | Volume 13 | Issue 2 | Page 378

35¢3 inks
Qo Jinks
“OResearchers



OPENaACCESS

Journal of Animal Health and Production

while the surrounding medium turned pink. On EMB
agar, the E. co/i colonies were round, shiny, dark purple, and
had a metallic green sheen. Once uniform colonies were
obtained, a pure culture was transferred to Nutrient Agar
(NA) medium and incubated at 37°C for 24 hours, result-
ing in round, moist, pale white colonies with slightly dark-
er centre and a diameter of 2-3 mm. These colonies on NA
medium were used for biochemical testing and antibiotic
susceptibility testing.

BACTERIAL IDENTIFICATION FOLLOWING ISOLATION
After isolation, the bacteria were identified biochemically
using the API 20E kit (Biomerieux, France), and the posi-
tive samples were further analyzed through gene sequenc-
ing via polymerase chain reaction (PCR). PCR amplifica-
tion targeted the E. co/i 16S rRNA gene, utilizing specific
primers: ECO-1 (Forward Primer): 5’-GACCTCGGT-
TTAGTTCACAGA-3 and ECO-2 (Reverse Primer):
5-CACACGCTGACGCTGACCA-3. The expected
amplicon size for this gene target was 585 base pairs (bp).
Genomic DNA was extracted using a bacterial DNA ex-
traction kit and used as a PCR template. DNA from a
known E. co/i strain served as a positive control, while nu-
clease-free water was the negative control. PCR was per-
formed following Mamun ¢7 a/. (2016), and the products
were analyzed via 1.5% agarose gel electrophoresis. A dis-
tinct 585 bp band under UV light confirmed the presence
of E. coli.

ANTIBIOTIC RESISTANCE TESTING OF ISOLATED
ESCHERICHIA COLI

Antibiotic susceptibility of the isolated Escherichia coli was
assessed using the disk diffusion method as described by
the Clinical and Laboratory Standards Institute (CLSI,
2024). Twelve antibiotics were tested, including Ampicil-
lin 10pg (Am), Amoxicillin 10pg (Ax), Ceftazidime 30ug
(Cz), Ceturoxime 30pg (Cu), Colistin 10pg (Co), Doxycy-
cline 30pg (Dx), Gentamicin 10pg (Ge), Kanamycin 30pg
(Kn), Norfloxacin 10pg (Nr), Streptomycin 10pg (Sm),
Tetracycline 24pg (Te), and Tobramycin 10pg (Tb). The
standard inhibition zone diameter and resistance classifi-
cation for the 12 antibiotics tested are presented in Table
1.The experiment was repeated three times.

THE MiNniMuM BACTERICIDAL CONCENTRATION
(MBC) or EssenTiAL OILs AND INORFLOXACIN
AGAINST ISOLATED ESCHERICHIA COLI

The minimum bactericidal concentration (MBC) was de-
termined using a broth microdilution susceptibility assay,
following the guidelines of the Clinical and Laboratory
Standards Institute for dilution antimicrobial susceptibil-
ity tests (CLSI, 2024). The bacterial suspension was ad-
justed to a turbidity of 0.5 McFarland, corresponding to a
concentration of 10°-10° CFU/ml. Essential oils were di-

luted in concentrations ranging from 1-15 mg/ml in 10%
DMSO, while norfloxacin was diluted from 31.25 to 1,000
pg/mlin distilled water. These concentrations were selected
based on preliminary tests to identify the range that could
inhibit bacterial growth. The essential oils and antibiotics
at the specified concentrations were added to the test tubes
containing the bacterial suspension and Tryptic Soy Broth
(T'SB) medium, and incubated at 37°C for 24 hours. The
positive control contained the bacterial suspension, TSB
medium, and the antibiotic at the minimum bactericidal
concentration for the isolated bacteria. The negative con-
trol contained the bacterial suspension and TSB. Addi-
tionally, the negative control was used to test the effect of
the essential oil solvent, including the bacterial suspension,
TSB medium, and DMSO (10%). After incubation, the
contents from each test tube were plated on MC agar and
incubated again at 37°C for 24 hours. The MBC was de-
fined as the lowest concentration at which no bacterial
colonies grew on the MC medium. Each experiment was
repeated three times.

Table1: Thestandardinhibitionzonediameterandresistance

classification for the 12 antibiotics tested (CLSI, 2024).

Antibiotics Levels Zone of growth inhibition (mm)

(18  Sensitive Interme- Resistant
S) ()  diate(d (R)(s)
Ampicillin (Am) 10 17 14-16 13
Amoxicillin (Ax) 10 16 14-15 13
Ceftazidime (Cz) 30 21 18-20 17
Cefuroxime (Cu) 30 18 15-17 14
Colistin (Co) 10 15 13-14 12
Doxycycline (Dx) 30 17 15-16 14
Gentamycin (Ge) 10 15 13-14 12
Kanamycin (Kn) 30 15 13-14 12
Norfloxacin (Nr) 10 18 16-17 15
Streptomycin (Sm) 10 15 13-14 12
Tetracycline (Te) 24 17 15-16 14
Tobramycin (Tb) 10 15 13-14 12

THE MinimuM  BAcTERICIDAL  CONCENTRATION
(MBC) or EsseNTIAL O1Ls AND NORFLOXACIN USED
IN COMBINATION AGAINST ISOLATED ESCHERICHIA
COLI

"The interaction between essential oils and antibiotics was
assessed using the fractional bactericidal concentration
(FBC) index, following the microdilution checkerboard
method outlined by Drioiche ez a/. (2024). At the mini-
mum bactericidal concentration (IMBC), essential oils and
antibiotics were serially diluted in broth to 1/64 of their
initial concentrations. The positive control contained the
bacterial suspension, TSB medium, and the antibiotic at
the minimum bactericidal concentration for the isolated
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bacteria. The negative control contained the bacterial sus-
pension, TSB, and distilled water. The MBC was deter-

mined for each combination of essential oil and antibiotic.

The FBC indices were determined by adding FBC* and
FBCE, where FBC# and FBCP represent the minimum
concentrations needed to eliminate bacteria for drugs A
and B, respectively. These were calculated as follows: FBC*
= MBCA (in combination) / MBC* (alone), and FBC® =
MBC?B (in combination) / MBC? (alone). The mean FBC
index was then derived using the formula: FBC index =
FBC* + FBCB,with the following classifications: synergistic
(20.5), additive (>0.5 but <1), indifferent (=1 but <4), or an-

tagonistic (24.0). The experiment was repeated three times.

STATISTICAL ANALYSIS

Statistical analysis was conducted using SPSS software
(version 22). Variations in MBC values between essential
oils and antibiotics were evaluated through ANOVA, fol-
lowed by Tukey’s post hoc test. A P-value below 0.05 was
regarded as statistically significant. Results were expressed
as mean =+ standard deviation (SD).

Table 2: The primary biologically active compounds found
in the essential oils of Mentha spicata, Perilla frutescens, and
Ocimum basilicum.

Carvone 23.650 48.9

Dihydrocarvyl 24120 0.46

acetate

L-Carveol 24470  0.54

B-Bourbonene 24.870  7.56

Perilla aldehyde ~ 25.177 65.23
y-Amorphene 25.234 0.21

a-Amorphene 25.357 0.12

Bornyl acetate 25.467 0.45 0.26
Perillyl alcohol 25.901 1.33

Eugenol 27.852 0.50
a-Copaene 28.437 0.15
B-Elemene 28.949 0.11 1.21
Methyl eugenol ~ 29.324 12.72
Isocaryophyllene  29.398 1.25
p-Caryophyllene  29.765  1.52 8.32 0.25
trans-o-Bergamo- 30.240 3.49
tene

a-Guaiene 30.326 0.47
Humulene 30.761 0.68 0.20
cis-Muurola- 31.029 0.56
4(15),5-diene

Germacrene D 31.521 0.55 0.64
(3Z,6E)- 31.841 7.75
a-Farnesene

Bicyclogermacrene 31.916 0.12 0.80
8-Guaiene 32.134 0.45
o-Farnesene 32.142 0.75
v-Cadinene 32.326 1.85
d-Cadinene 32.522 0.26 0.62
Nerolidol 33.333 0.25 0.15
Spathulenol 33.685 0.23
Caryophyllene 33.804 0.30 0.46

oxide

Epicubenol 34.384 0.45
tau-Cadinol 34.830 3.74
B-Eudesmol 35.012 0.25
a-Cadinol 35.057 0.18
Phytol 39.634 0.09

Total 98.76 98.65 98.41
RESULT'S

Components Reten-  Relative percentage (%)
tion time \entha Perilla Ocimum
(min) spicata  frutescens basilicum

3-Octenol 10.080 0.60

3-Octanol 10.917 0.34

p-Myrcene 11.960 0.42

D-Limonene 12.635 17.60 6.54 0.42

Eucalyptol 12.726 0.65

Menthone 13.340 1.15

1,8-Cineol 13.490 154 6.72

cis-p-Ocimene 13.898 0.59

Terpinen-4-ol 15.420 0.86

a-Linalool 17.076 1.3

B-Linalool 17.101  0.30 5.34

Fenchol 17.689 0.86

Camphor 19.346 0.96

Borneol 20.461 0.54

y-Terpinene 21.230 0.36

a-Terpineol 21.699 0.53 0.45 0.48

Estragole 22.240 1.17 52.65

Fenchyl acetate 22.972 0.68

Dihydrocarveol 23.034 0.32

cis-Dihydrocarveol 23.326  1.24

Dihydrocarvone  23.432  0.57

trans-Carveol 23.540  0.40

EssenTIAL O1L YIELD AND COMPOSITION

Through steam distillation, essential oils were extracted
from 300 g of dried leaves of each herb, yielding 1.70 ml
(0.57%) of Mentha spicata essential oil, 1.10 ml (0.37%) of
Perilla frutescens essential oil, and 2.2 ml (0.74%) of Oci-
mum basilicum essential oil. The chemical compositions
of these essential oils are summarized in Table 2. A total
of 20 compounds were identified in Mentha spicata, 23 in
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Perilla frutescens, and 30 in Ocimum basilicum, collectively
accounting for over 98% of the total constituents in these
oils. The major components of Mentha spicata were cis-di-
hydrocarveol (1.24%), B-bourbonene (7.56%), 1,8-cineole
(15.40%), D-limonene (17.60%), and carvone (48.90%).
In Perilla frutescens, the predominant compounds includ-
ed a-linalool (1.30%), perillyl alcohol (1.33%), estrago-
le (1.17%), D-limonene (6.54%), (3Z,6E)-a-farnesene
(7.77%), P-caryophyllene (8.32%), and perilla aldehyde
(65.23%). Meanwhile, the key constituents of Ocimum
basilicum essential oil were trans-o-bergamotene (3.49%),
tau-cadinol (3.74%), PB-linalool (5.34%), 1,8-cineole
(6.72%), methyl eugenol (12.72%), and estragole (52.65%).

Table 3: Results of culture and isolation E. coli from
intrauterine inflammatory fluid samples.

Bacterial cul- Positive Ratio Bacterial culture characteris-
ture media  samples (%) tics

BPW 5/5 100

Bacteria grow in a uniformly
turbid medium

MC 5/5 100 The colonies are large, round,
uniform, light pink in color,
with a slightly convex surface,
non-mucoid, well-defined
edges, and the surrounding

medium also turns pink

EMB 5/5 100 The colonies are round, shiny,
dark purple in color, with an
iridescent metallic green sheen

BPW: Buftered Peptone Water; MC: MacConkey Agar;
EMB: Eosin Methyl Blue Agar.

[EY] (B) )

Figure 1: Suspected FEscherichia coli colonies on (A)
MacConkey agar, (B) Eosin Methyl Blue agar, and (C)

Nutrient agar.

BAcTERIAL CULTIVATION AND ISOLATION

'The samples were first enriched in BPW medium, where
all showed turbidity, confirming a 100% positivity rate.
Bacteria from the BPW medium were then transferred to
MC and EMB media for further culturing. On MC medi-
um, positive colonies were large, round, pale pink, slightly
convex, non-mucoid, with distinct edges, and caused the
surrounding medium to turn pink. On EMB medium, the
colonies were round, glossy, dark purple-black, and exhib-
ited a metallic sheen, also indicating a 100% positivity rate.
'The bacteria were subsequently purified and sub-cultured

on NA medium to generate biomass for biochemical iden-
tification and gene sequencing. The findings of bacterial
culture and isolation are shown in Table 3 and Figure 1.

BAcTERIAL IDENTIFICATION THROUGH THE API 20E
BiocHemicAaL TesT KiT

'The bacterial identification results using the API 20E bio-
chemical kit are displayed in Table 4. The results reveal that
three of the five test samples tested positive for Escherichia
coli, which were isolated from uterine inflammatory fluid.

Table 4: Biochemical identification of bacteria isolated
from intrauterine inflammatory fluid using the API 20E
kit.

Identification code determined Identified bacterial species
5144572

Escherichia coli

5144552 Escherichia coli

5144573 Escherichia coli

5205773 Raoultella ornithinolytica
7214773 Klebsiella pneumoniae

Table 5:Identification of bacteria isolated from intrauterine
inflammatory fluid using the PCR method.
Number of samples Positive samples Identified bacterial
species
3 2 Escherichia coli
PCR-BASED IDENTIFICATION OF ISOLATED BACTERIA
Table 5 presents the results of bacterial identification by
PCR. The findings show that two out of five test samples
were positive for Escherichia coli. A comparison of the se-
quenced genes with the NCBI database revealed 99.86%
similarity and 100% coverage with Escherichia coli (§1),
100% similarity and 100% coverage with Escherichia coli
(82).

ANTIBIOTIC RESISTANCE TESTING RESULTS FOR
ISOLATED ESCHERICHIA COLI

The results of the antibiotic susceptibility testing of the
isolated Escherichia coli are shown in Table 6. The antibi-
otic susceptibility profiles of the two isolated bacteria, Es-
cherichia coli (S§1) and Escherichia coli (S2), were identical in
terms of sensitivity and resistance to the tested antibiotics.
The results show that among the 12 antibiotics tested, the
isolated Escherichia coli was sensitive to norfloxacin, cefuro-
xime, tetracycline, kanamycin, gentamycin, and tobramy-
cin. Among these, the bacteria showed the highest sensi-
tivity to norfloxacin. Therefore, norfloxacin was selected in
combination with essential oils to determine the bacteri-
cidal role of the interaction between the essential oils and
antibiotics in the next experiment. However, the isolated
Escherichia coli exhibited high insensitivity to amoxicillin,
ampicillin, ceftazidime, streptomycin, colistin, doxycycline.
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Table 6: Antibiotic susceptibility results of the isolated Escherichia coli.

Antibiotics Levels (pg) Zone of growth inhibition (mm)

Escherichia coli - S1 Escherichia coli - S2

S 1 R S 1 R
Ampicillin (Am) 10 6.33+0.58 7.33+1.00
Amoxicillin (Ax) 10 10.00+1.00 7.00£1.15
Ceftazidime (Cz) 30 16.67+0.58 15.33+0.58
Cefuroxime (Cu) 30 18.00+1.00 20.00£1.15
Celthstin (C) 10 10.67+1.15 8.67+1.53
Doxycycline (Dx) 30 16.33+0.58 15.67+1.15
Gentamycin (Ge) 10 16.67+1.15 16.00+1.00
Kanamycin (Kn) 30 16.33+1.15 15.33+0.58
Norfloxacin (Nr) 10 30.00+1.00 31.00+1.15
Streptomycin (Sm) 10 11.67+0.58 11.330.58
Tetracycline (Te) 30 19.67+1.53 18.67+0.58
Tobramycin (Tb) 10 16.33+1.15 15.33+0.58

S: sensitive; I: intermediate; R: resistant. The values are expressed as the mean + standard deviation.

Table 7: The minimum bactericidal concentration (MBC) and fractional bactericidal concentration index (FBC) of
essential oils (Mentha spicata, Perilla frutescens, and Ocimum basilicum) and norfloxacin used alone and in combination

against isolated Escherichia coli

Compounds Escherichia coli (S1) Escherichia coli (S2)
MBC (pg/ml)  FBC (index) Type of MBC (pg/ml) FBC Type of
interaction (index) interaction
Alone MS 13,000+150° 14,000+150°
PF 12,000+£100P 12,000+£100P
OB 12,000+£200P 12,500+£100P
NR 125+5¢ 130+5¢
Combination OB + NR  4,500/15.62 0.50 Synergistic 4,000/16.25 0.45 Synergistic
MS + NR  7,500/31.25 0.83 Additive 8,500/32.5 0.86 Additive
PF+NR  12,000/62.5 1.50 Indifferent 10,500/65 1.38 Indifferent

MS: Mentha spicata, PF: Perilla frutescens, OB: Ocimum basilicum, Nr: Norfloxacin. Superscript letters (a, b,and ¢) within
the same column indicate statistically significant differences (P<0.05). The values represent mean + SD.

ANTIBACTERIAL AcCTIVITY OF ESSENTIAL OILS AND
NORFLOXACIN USED ALONE AND IN COMBINATION
AGAINST ISOLATED ESCHERICHIA COLI

Table 7 outlines the bactericidal effects of the essential
oils and the antibiotic, along with their interactions when
combined with norfloxacin against isolated Escherichia coli.
'The findings showed that the essential oils and the antibi-
otic exhibited similar effects on the two bacterial strains,
Escherichia coli (S1) and Escherichia coli (S2). Among the
tested essential oils, Mentha spicata had the highest MBC
value, which was significantly different from those of
the other essential oils and norfloxacin for both bacterial
strains. Meanwhile, the MBC values of Ocimum basilicum
and Perilla frutescens were comparable to each other and
significantly higher than that of norfloxacin (P<0.05). This
indicates that Mentha spicata exhibited lower bactericidal

activity against Escherichia coli compared to Ocimum ba-
silicum and Perilla frutescens. Norfloxacin displayed strong
bactericidal activity, with an MBC value of 125-130 pg/
ml. Although the MBC values of the essential oils were
nearly 100 times greater than that of norfloxacin, all es-
sential oils demonstrated antibacterial effects against the
isolated Escherichia coli. Analysis of their interactions with
norfloxacin revealed that Ocimum basilicum essential oil ex-
hibited a synergistic effect when combined with norfloxa-
cin, whereas Mentha spicata and Perilla frutescens essential
oils displayed additive and indifferent effects, respective-
ly, in eradicating Escherichia coli. The MBC of norfloxacin
against the isolated Escherichia coli was reduced by 8-fold
when combined with Ocimum basilicum essential oil, 4-fold
with Mentha spicata, and 2-fold with Perilla frutescens. Ad-
ditionally, the MBC values of the essential oils signifi-
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cantly decreased in the presence of norfloxacin, reaching
4,000-4,500 pg/ml for Ocimum basilicum, 7,500-8,500 pg/
ml for Mentha spicata,and 10,500-12,000 pg/ml for Perilla

[frutescens.
DISCUSSION

'The culture isolation results confirmed the presence of Es-
cherichia coli bacteria in the uterine exudate of dogs affected
by pyometra. This suggests that Escherichia coli plays a role
as a causative agent of pyometra in dogs. These results align
with findings from previous research (Hagman and Kuhn,
2002; Harada ef a/.,2024; Ylhiinen e£ al.,2025). The results
of bacterial identification using the API 20E biochemical
kit and gene sequencing were consistent, confirming the
high reliability of the API 20E kit. This suggests that it is a
useful tool for preliminary screening before applying gene
sequencing for bacterial identification. Antibiotic suscepti-
bility testing revealed that the two isolated Escherichia coli
strains exhibited complete resistance to amoxicillin, ampi-
cillin, ceftazidime, streptomycin, colistin, and doxycycline
- antibiotics widely used in both veterinary and human
medicine. These findings align with previous studies on
antibiotic resistance in E. co/i strains isolated from pyome-
tra in dogs. The increasing resistance of microorganisms
to antibiotics presents a major challenge, highlighting the
urgent need for further research to develop alternative an-
timicrobial agents, including plant-derived essential oils.
In addition, the two isolated Escherichia coli strains showed
identical resistance and susceptibility profiles to the tested
antibiotics. This may be attributed to the fact that the sam-
ples were collected from the same region, where animals
were treated within the same veterinary network. The pro-
longed and frequent use of specific antibiotics in feed, wa-
ter, and disease management by veterinarians and livestock
farmers has likely contributed to the emergence of similar
resistance patterns in certain microorganisms, including
Escherichia coli.

'This study assessed the bactericidal effects of essential oils
extracted from Mentha spicata, Perilla frutescens, and Oci-
mum basilicum against isolated Escherichia coli. The findings
revealed that all three essential oils effectively eliminated
the bacteria. Their bactericidal activity may be attributed to
the presence of specific chemical constituents with antimi-
crobial properties or the synergistic interaction of bioactive
compounds, which enhance their effectiveness.

Numerous studies have highlighted the strong bactericid-
al potential of bioactive compounds present in these three
essential oils. Perilla frutescens and Ocimum basilicum essen-
tial oils contain estragole, linalool, and thymol, which have
been shown to inhibit Shige/la flexneri (Ngome ez al.,2018).
Additionally, 1,8-cineole, a key component in the essential
oils of Mentha spicata and Ocimum basilicum, exhibits bac-

tericidal activity against Klebsiella pneumoniae (Moo et al.,
2021) and Escherichia coli (Wang e al.,2022). Furthermore,
carvone and D-limonene, found in both Mentha spicata
and Perilla frutescens essential oils, have been reported to
eliminate common bacterial pathogens affecting humans
and livestock (Jacob ez a/., 2017; Agougui et al., 2022).
Moreover, eugenol, a major component of Ocimum basili-
cum essential oil, has demonstrated bactericidal activity
against Staphylococcus aureus and Escherichia coli (Jeyaku-
mar and Lawrenceb, 2021; Bai e£ a/., 2023).

The results indicated that the bactericidal effectiveness of
the three essential oils varied, with Ocimum basilicum and
Perilla frutescens showing higher bactericidal activity than
Mentha spicata. The differences in bactericidal effectiveness
among these essential oils can be explained by the diversity
of bioactive compounds present in each oil, which leads to
different mechanisms of action against bacteria. Addition-
ally, the synergistic or inhibitory effects of bioactive com-
pounds within essential oils also influence their bactericidal
effectiveness. Previous studies have identified the syner-
gistic interactions or inhibitory effects of bioactive com-
pounds on the bactericidal activity of herbal essential oils
(Kamatou ez al., 2008; Sharmaa e al., 2020; Angane ¢z al.,
2023). The bioactive compounds in essential oils are hydro-
phobic, which disrupts the lipid components of bacterial
cell membranes and mitochondria, increasing their perme-
ability. This disruption leads to the breakdown of the cell
wall and cytoplasmic membrane, causing lysis and leakage
of intracellular compounds, adversely affecting metabolism
and resulting in cell death (Nazzaro ez 4/, 2013). In addi-
tion, the active components of essential oils affect bacterial
intracellular proteins, impacting cell division (Domadia ez
al.,2007). Although gram-negative bacteria have higher re-
sistance to essential oils than gram-positive bacteria cause
of the unique structure of their cell walls, which include
an additional outer membrane linked to peptidoglycan
by lipoproteins, this double membrane limits the effects
of essential oils (Swamy ez a/., 2016). Carvone, estragole,
and perilla aldehyde, found in Mentha spicata, Ocimum ba-
silicum, and Perilla frutescens, exhibit stronger antibacterial
activity against Gram-negative bacteria than Gram-posi-
tive bacteria. This is due to their ability to disrupt bacterial
membranes, interfere with ion and ATP transport, and al-
ter fatty acid composition. Carvone, a hydrophobic com-
pound, integrates into bacterial cell membranes, disturbing
their fluidity and permeability. This disruption leads to ion
leakage (e.g., K*, Na*), ATP depletion, and ultimately, cell
lysis. Moreover, carvone inhibits bacterial enzymes crucial
for ATP synthesis, reducing energy production. It also in-
terferes with DNA replication and protein synthesis, slow-
ing bacterial growth. Since biofilms help bacteria evade an-
tibiotics and immune responses, carvone plays a vital role in
disrupting quorum sensing, thereby preventing Escherichia
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al., 2021). Estragole, due to its lipophilic nature, embeds
itself in bacterial membranes, compromising their integ-
rity and increasing permeability. This causes intracellular
leakage, leading to bacterial cell death. Moreover, estragole
inhibits essential bacterial metabolic enzymes, particularly
those involved in energy production and cell wall synthesis,
thereby impairing bacterial growth and replication (Song
et al.,2016). As an aldehyde, perilla aldehyde interacts with
membrane lipids and proteins, altering their structure and
function. This results in membrane disruption and intra-
cellular leakage. Similar to carvone, perilla aldehyde also
induces the production of reactive oxygen species (ROS),
which damage bacterial cellular components. The oxidative
stress ultimately triggers apoptosis, leading to bacterial cell

death (Li ez al., 2022).

The combination of essential oils with norfloxacin lowered
the MBC values of both the essential oils and the antibiot-
ic against the isolated Escherichia coli.'The combination of
Ocimum basilicum essential oil with the antibiotic demon-
strated a synergistic interaction, whereas the combinations
of Mentha spicata and Perilla frutescens essential oils with
the antibiotic resulted in additive and indifferent effects,
respectively.

'This finding is in agreement with previous studies on the
synergistic interactions between essential oils and antibi-
otics (Moussaoui and Alaoui, 2016; Boonyanugomol e 4.,
2017; Romo-Castillo e# al., 2023; Drioiche et al., 2024).
'The minimum bactericidal concentration of norfloxacin
against Escherichia coli was significantly lowered when
combined with essential oils. Both experimental findings
and existing research indicate that integrating essential oils
with antibiotics can reduce the required antibiotic dosage
and help mitigate bacterial resistance. In other words, this
combination enhances bacterial sensitivity to antibiotics,
presenting a promising strategy for developing novel treat-
ments against multidrug-resistant pathogens. The syner-
gistic and additive eftects of Ocirmum basilicum and Mentha
spicata essential oils in combination with norfloxacin result
from their ability to enhance the elimination of Escherichia
coli. Norfloxacin, a second-generation quinolone antibiot-
ic, enters bacterial cells and inhibits DNA gyrase, a cru-
cial enzyme for DNA replication in Escherichia coli. This
penetration becomes more efficient with the assistance of
antibacterial compounds found in Ocimum basilicum and
Mentha spicata essential oils. These compounds disrupt
the bacterial cell membrane, facilitating the transport of
norfloxacin across the membrane and enabling it to reach
an effective concentration more rapidly. At the same time,
the enhanced inhibition of Escherichia coli by norfloxacin
decreases the required amount of Ocimum basilicum and
Mentha spicata essential oils to achieve bactericidal effects.
Conversely, the combination of Perilla frutescens essential
oil with norfloxacin exhibited an indifferent interaction in

eliminating FEscherichia coli, as both acted independently
without enhancing each other’s bactericidal effects. Peril-
laldehyde, a key component of Perilla frutescens essential
oil, can penetrate deeper and more complex regions of the
cell, depleting intracellular ATP. However, it does not dis-
rupt the outer membrane of Escherichia coli (Dorman and
Deans, 2000), meaning it does not facilitate norfloxacin’s
permeability, nor does norfloxacin enhance its activity. As
a result, while the combination requires a lower concen-
tration than when used separately, the interaction remains
indifterent.

CONCLUSIONS AND
RECOMMENDATIONS

'The study concluded that essential oils from Ocimum ba-
silicum, Mentha spicata, and Perilla frutescens were effective
in killing antibiotic-resistant Escherichia coli isolated from
dogs with pyometra. The combination of Ocimum basilicum
and Mentha spicata essential oils with norfloxacin demon-
strated synergistic and additive effects in eliminating Es-
cherichia coli, whereas Perilla frutescens essential oil showed
an indifferent interaction when paired with the antibiotic.
'These essential oils, when used alongside antibiotics, could
be integrated into treatment strategies for canine diseas-
es, potentially reducing antibiotic dosage, minimizing side
effects, and helping to combat antibiotic resistance in the
tuture.
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