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Abstract

Brucellosis is an infectious disease caused by bacteria. Animals that are
most commonly infected include sheep, cattle, goats, pigs, and dogs.
Nowadays, the resistance of microbial infections to antibiotics has
threatened the health of societies. Thus, this article introduces the
antibacterial effects of some antibiotics and plant-derived essential oils
so that they can be used as promising choices to develop a new anti-
Brucella therapy. B. abortus isolate was obtained from milk samples
collected in previous work from different Syrian provinces. Essential oils
extraction was acquired using water steam distillation device.
Macrophages were isolated from blood and infected with B. abortus at a
ratio of 1:100 bacteria/macrophage.

Brucella strains have been shown resistant to most antibiotic groups used
in this study, whereas it was detected an excellent synergistic activity
between Levofloxacin- Cefprozil, and Levofloxacin — Tetracycline with
a logio decreasing from 3.367, 3.303 to a value of 0 after 96h of infection
respectively.

Cinnamon 1% was revealed the best antibacterial activity against B. abortus strains with a decreasing
value of logio reached 0.95 after 96h of infection. A strong significant inhibitory effect was observed for
Cinnamon 0.1% in combination with a 1% concentration of the other plant's oil extracts.
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Introduction
Brucellosis is an old, infectious and common
zoonosis that’s caused by Gram-negative bacteria

concern worldwide because more than 500000
cases each year are diagnosed with this disease,

from the genus Brucella. It is transmitted through
direct contact with infected animals or by using
unpasteurized dairy products of goats, pigs,
camels, sheep, buffalo and cows, or inhalation of
aerosols. Veterinarians and people working in
slaughterhouses are at high risk of developing this
disease; also, it is more common in children than
in adults [1]. Despite humans are incidental hosts,
brucellosis continues to be a major public health

most of them live in the developing countries,
furthermore, the number of brucellosis cases are
over 10000000 people in some countries which
making this disease is endemic.
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Four different Brucella species, B. suis, B.
melitensis, B. abortus and B. canis can be
pathogenic to humans [2] Through these species,
B. melitensis is the most infectious species,
followed by B. suis and B. abortus. Brucella
species are intracellular, obligate and Gram-
negative coccobacilli facultative intracellular

bacterium and are not able to produce spores and 1.

nonmotile [3]. Brucella species have no classic
virulence genes encoding plasmids, pili, capsules
or exotoxins, and have resistance to phagocytes
and proliferation inside phagocytic cells.

The Damascus goat, also known as Shami, is a
breed of goat with unique mouth and head shape
raised in Syria, Cyprus and Lebanon and it is
considered one of the oldest breeds around the
world [4]. The predominant color is dark honey
and there is a black and white color in addition to
a mixture between the three colors [5].

Shami’s goats are considered one of the best goat
veins for milk production, with an average daily
guantity of (2.5) kg, the total milk is (265) kg in
the first season and (500) kg in the second season
[6].

It has large number of distinctive characteristics;
it can withstand high temperatures up to 41°C and
colds up to 6°C [4].

Nowadays, the resistance of microbial infections
to antibiotics has threatened the health of
societies. It is responsible for millions of deaths
every year worldwide. In 2013, 9.2 million deaths
have been reported because of infection. The
evolution of resistance has caused antibacterial
drugs to becoming less effective or even
ineffective.

In recent years, various strategies have been
suggested to overcome the resistance to
antibiotics. One of these strategies is to achieve
the combination of non-antibiotic drugs with
antibiotics, which may increase the desirable
antibacterial activity [2].

According to this case, phytochemicals have
exhibited a potent activity. They can work alone
or in combination with antibiotics to enhance the
antibacterial activity against a wide range of
bacteria.

B. melitensis and B. abortus are the most
important cause of brucellosis in sheep and goats.
It can cause abortion during the fourth month of
pregnancy in goats [7].

Thus, this article introduces the antibacterial
effects of some antibiotics and plant-derived
essential oils (EOs) or extracts so that they can be
used as promising choices to develop a new anti-
Brucella therapy, as suitable alternatives to
conventional antibiotics for brucellosis, as much
as possible.

Materials and Methods

Sampling

B. abortus isolate was obtained from milk samples
collected in previous work from different Syrian
provinces at the Immunology and Microbiology
Laboratory, AECS; and it was identified using
molecular method [8].

Microorganisms and growth conditions
Brucella was grown under an optimal condition in
2YT agar supplemented with the following
antibiotics to inhibit the growth of organisms
other than Brucella: cycloheximide (100 mg),
bacitracin (25,000 units), polymyxin B sulphate
(5,000 units), vancomycin (20 mg), nalidixic acid
(5 mg) and nystatin (100,000 units) [9].

The bio-typing of the bacteria was performed with
the use of following tests: CO; requirement, H,S
production, urease, catalase and oxidase
positivity, growth in the presence of dyes
(thionine and basic fuchsine), and reaction with
monospecific anti-A and anti-M sera (Thermo
Fisher Scientific, UK) [10]. Isolates were stored in
2YT medium supplemented with a final glycerol
concentration of 15% at —20°C.

DNA isolation and amplification by PCR
Isolation of DNA was carried out according to the
method of cetyl trimethyl ammonium bromide
(CTAB) modified by Ausubel et al., 2003 [11].
DNA pellet was resuspended in 100 pl of TE
buffer and the concentration and purity were
determined by spectrophotometer. A dilution of
100 ng/ul of purified DNA was made and stored
at —20°C until required for further use.

For the identification of Brucella isolates specific
oligonucleotide primers were used for a multiplex
PCR assay. The primers sequences are shown in
table 1.

PCR amplifications were carried out using
Thermocycler (Techne Inc, TC-512, UK) with a
25-pl reaction mixture containing: 3 mM MgClo,
200 uM dNTPs, 10 pM of each primer, 1X
reaction buffer, 1 U Taq DNA polymerase
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(Fermentas, Germany) and 2 pl of template DNA
(100 ng).

After initial denaturation of template DNA at
95°C for 5 min, the PCR profile was as follows:
35 cycles of 45s of template denaturation at 95°C;
30s of primer annealing at 55°C and 1 min of
primer extension at 72°C; with a final extension at
72°C for 10 min. The presence of PCR products
was determined by electrophoresis of 10 pl of
reaction product in 1% agarose gel staining with
ethidium bromide (0.5 pg/ml) in TAE 1X
electrophoresis buffer for 1 h at a voltage of 70
and were visualized under UV light with the use
of a 100 bp molecular weight DNA ladder
(GeneRuler DNA Ladder Mix), (Thermo Fisher
Scientific, UK) for the validation of length of the
amplified products. Another bacterial genus was
used as a negative control and sterile water was
used to monitor any contamination with Brucella
DNA.

Essential oils (EOs) extraction

Bark of Cinnamomum verum (Cinnamon) and
rhizome of Zingiber officinale (Ginger) were
purchased from local market in Damascus, Syria,
then grounded and powdered using electrical
blender prior to steam distillation.

Aerial parts, leaves of Thymus syriacus (Thyme)
and Mentha piperita (Mentha), peels of Citrus
aurantium dulcis (Orange peel) were collected
during the flowering season from their natural
habitat in Syria, these parts were cleaned and
dried; then grounded and powdered using
electrical blender prior to steam distillation.
Isolation of EOs was acquired using water steam
distillation device (Clevenger-type apparatus)
according to the European Pharmacopoeia method
[12].

Briefly, 100g of each powdered dried plant was
used for extraction EOs were released from plant
material and evaporated into the hot steam.

Steam was applied for 3 h and the supernatant
EOs were dried through anhydrous sodium sulfate
(Na;SO.), filtered and stored in tighten brown
colored bottle vials at (4°C). The oil was diluted
in dimethyl sulfoxide (DMSQO) and used for the
antimicrobial efficacy test.

The yields of essential oil expressed in g relative
to 100 g of dry vegetable matter; it was calculated
according to Equation:

Yield% = (amount of extracted oil (g)/amount of
dry vegetal matter mass (g)) x100.

It was about (21, 4.6, 3.4, and 3%) with regard to
Mentha, Ginger, Cinnamon and Orange
respectively.

Antibiotics used in the study:

Antibiotics that were used: Cefprozil (CEF) a
second-generation  cephalosporin  antibiotic,
Cefixime3H,0O (CFM), Cefotaxime sodium (CTX)
and Ceftazidime (CAZ) a third-generation
cephalosporin antibiotics, Levofloxacin (LEV) a
third-generation fluoroquinolones and
Tetracycline (TET). These antibiotics were
purchased as powder (Sigma-Aldrich, Germany)
and were added at a concentration of 50 ,100, 25,
50, 3.12, and 6.25 pg/ul for CEF, CFM, CTX,
CAZ, LEV, and TET respectively according to the
MIC values of a previous study [13].
Macrophages isolation from goat

Macrophages were isolated from blood. Briefly;
15 ml of whole blood from healthy goats were
collected and peripheral blood cells were collected
from whole blood by Ficoll gradient
centrifugation. Collected cells were plated in
tissue culture dishes (TPP, Switzerland) at a
density of 3x10° cells/ml and macrophages were
obtained by adhesion for 24h in RPMI-1640
(EuroClone, Italy) supplemented with 100 U/ml
penicillin, 100 pg/ml streptomycin (EuroClone,
Italy), 2 mM L-glutamine (EuroClone, ltaly), 1%
non-essential amino acids (Gibco™, Germany),
0.1 mM sodium pyruvate (EuroClone, ltaly), 50
uM 2-mercaptoethanol (EuroClone, Italy), and
10% fetal bovine serum (FBS) (EuroClone, ltaly).
After 24h cells were washed twice with RPMI-
1640 to remove a majority of the non-adherent
cells and cultured for an additional five days. The
macrophage cell purity is >90% and cell viability
is determined by trypan blue dye exclusion.
Macrophage infection

Isolated cells were cultured in RPMI 1640 with
10% FBS. A total of 1x10° cells were cultured in
each well of the tissue culture test plate. For
macrophage growth assays, 96-well microtiter
plates were seeded with 2x10° macrophages/well
and infected with B. abortus at a ratio of
1:100 bacteria/macrophage. Cells were incubated
for one h at 37°C in 5% CO,. Extracellular
bacteria were removed by three washes with PBS,
followed by treatment with 25 pg/ml of
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gentamicin (Sigma—Aldrich, Germany) for 30min.
Then, the cells were maintained by adding a
medium containing 5 pg/ml of gentamicin. To
evaluate the effect of antibiotics and plant EO
extracts on the ability of Brucella to invade goat's
macrophages, each antibiotic and EO at 1%
concentration, were added alone or in synergism,
after 2, 4, 24, 48, 72, and 96h of infection, the
cells were washed three times with PBS and lysed
with 0.1% Triton.

After the incubation at room temperature for
5min, the lysates were plated on 2YT agar and
incubated for 48h at 37°C; in order to determine
the intracellular bacterial count. All experiments
were performed in triplicate. Macrophages
infected with B. abortus without adding any
antibiotics or EO were considered as positive
control and the same conditions but without
adding the bacteria as a negative control.

In brief; the treatment was included five groups:
(i) the control group without any additives or
without bacteria as positive and negative control
respectively, (ii) antibiotics only, (iii) antibiotics
in synergism, (iv) EO only, and (v) EO in
synergism.

Statistical study

Antibacterial properties of antibiotics and EO
were analyzed with one-way repeated measures
analysis of variance (ANOVA) to compare the
difference of three replicates between each pair of
means. Data were transformed into log:o CFU. All
analyses were done by using SPSS Statistical
Software V16. Differences were deemed
statistically significant at p<0.05.

Results and Discussion

Identification of bacteria

All the isolates were Gram-negative coccobacilli,
with biochemical tests positive for oxidase,
catalase, urease, and hydrogen sulfide. They grew
on media containing basic fuchsin but failed to
grow on thionin media and required carbon
dioxide for growth. No agglutination was
observed with antisera M and R for all of the
isolates, while all of them were showed
agglutination with Brucella-monospecific
antiserum A, and according to these tests, the
isolates were apparently classified to be B.
abortus [8].

PCR result

Genomic DNA of B. abortus was isolated and
amplified by using multiplex PCR. The expected
amplicons sizes were approximately 794bp for B.
melitensis, 498bp for B. abortus, and
302bp for Brucella sp. (Fig 1).

Macrophage infection

Brucellae are considered to be a selected agent by
the CDC because of the weakened nature of
brucellosis, the lack of a safe and effective human
vaccine [3], the easy entry of the microorganism
by aerosolized and the low infectious dose (10—
100 organisms), which increase the potential of
the Brucella species to be used as agents of
biological warfare and bioterrorism [2]. For these
reasons, it was necessary to evaluate the
antibacterial activity of some antibiotics and EOs
against Brucella's isolates.

It was noticed that the logio for Brucella's counts
inside Shami's goat macrophages was increased
from 3.84 after 2h of infection to reach a value of
8.83 after 96h whereas the ability of these
macrophages to Kill these bacteria without any
antibiotics was the lowest and this result was in
agreement with many kinds of research like
Sathiyaseelan et al., 2000 [14] which indicated an
increase in CFU of Brucella occurred between
24h and 48h after infection of macrophage
populations ranging from logio 0.5 to 1.5.

The activity of some antibiotics in elimination B.
abortus was low such TET where the logio of
Brucella's population was 4.24 after 2h of
infection and increased up to 5.51 after 96h. In
addition, there wasn’t any protection effect
observed for Cephalosporins used in this study
including Cefixime3H,O, Cefotaxime sodium,
and Ceftazidime, where the logio for CFU of B.
abortus population was increased from 3.65, 3.85,
and 4.34 for the previous antibiotics respectively
(after 2h of infection) to reach a value of 5.33,
5.21, and 5.30 after 96h of infection (Fig 2). This
result was agreed with Motamedi et al., 2010 [15]
which indicated that Brucella's isolates were
resistant to TET that preventing bacteria from
reproducing through the inhibition of protein
synthesis, whereas the study of Wendell, 1990
[16] indicated that TET was the most active
antibiotic against Brucella and one of the least
toxic chemotherapies for human brucellosis. Also,
Valderas et al. 2008 [17] demonstrated an
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intracellular bacteriostatic activity for TET and
Doxycycline in B. abortus, and it was indicated
that all tested isolates were susceptible to TET by
Baykam et al., 2004 [18].

Safi and Al-Mariri, 2012 [13] were assured that
no activity was observed in all isolates when
Cefixime3H,0, Cefotaxime sodium, Ceftazidime,
and other antibiotics were used, and this finding
was in accordance with this study. According to
Xu x-L et al., 2013 [7] the MIC values of LEV
and CAZ were at medium level, but the
bacteriostatic rate of CAZ was better. Also, there
was a report on the successful treatment of
brucellosis by LEV and CAZ by Hashemi et al.,
2012 [19].

These results were may be due to the reason of the
harmful effect of acidic pH on the efficiency of
antibiotics against Brucella sp. It may be thought
that most antibiotics lose their bactericidal activity
against intracellular Brucella sp. because it was
multiplied in acidic cell compartments within
macrophages and this explanation was mentioned
by Akova et al., 1999 [20].

In this study LEV was demonstrated a good
activity against B. abortus with a logio decreasing
from 3.82 after 2h down to a value of 1.12 after
96h of infection and this result was due to its
ability to readily penetrate macrophages (Fig 2).
This result was supported by the study of Hooper,
2000 [21], which indicated an antibacterial
activity combined with better pharmacological
properties such as fewer adverse effects and easier
dosing that made this drug an attractive alternative
in the treatment of brucellosis. Also, Lang and
Rubinstein, 1992  [22] indicated that
Fluoroquinolones and newer macrolides have a
good anti-Brucella activity in vitro.

CEF was exhibited a good activity against B.
abortus with a logio decreasing from 3.68 after 2h
down to a value of 1.45 after 96h of infection, but
despite of CEF can be used to treat Brucella's
infections, B. abortus has developed resistance
towards it in varying degrees and this was given
by the CEF Susceptibility and Resistance
Datasheet 2013 [23], and this was noticed by
previous research done by Safi and Al-Mariri
which indicated that no activity was observed at
all Syrian regions when CEF and other antibiotics
were used [13].

The treatment of brucellosis is still problematic,
because of high rates of treatment failure or
relapses, and due to the intracellular nature of this
organism, treatment requires combined regimens
by replacing monotherapy with more potent
synergistic that may increase efficacy and reduce
treatment duration [24], for this purpose we
studied the synergistic effect between some
selected antibiotics to evaluate the antibacterial
activity against our isolates.

In some cases, antibacterial combinations restore
potency to ineffective drugs or enhance an
antibiotic's  potency targets and  destroys
mechanisms of bacterial resistance thereby
allowing the antibiotic to function properly,
interacting with the host to trigger defensive
mechanisms [24].

Although our study found that TET was the least
effective agent, the combination of TET-LEV
showed the best synergistic effect inside goat's
macrophages. It was detected an excellent
synergistic activity between LEV-CEF, and LEV-
TET with a logio decreasing from 3.36, 3.30 after
2h down to a value of 2.30 and 2.33 after 96h of
infection respectively according to the mentioned
synergism (Fig 3).

Though several antibiotic combinations have been
used in the treatment of brucellosis, there was
very limited data about in vitro synergistic activity
of Brucella strains in the literature.

There wasn’t any synergistic activity studied
between LEV-CEF or LEV-TET, whereas there
were many studies about the synergistic activity
of antibiotic combinations against Brucella
species, in a study by Rubinstein et al. 1991 [25],
various antibiotic combinations were tested
against Brucella in combination studies, but none
of them exhibited actual synergy. Also, Qadri et
al., 1989 [26] in an earlier study reported the
absence of synergy between quinolones and other
antibiotics against Brucella. Moreover, in a study
by Rubinstein et al., 1991 [25] it was shown that
the  combination of Ciprofloxacin  with
Minocycline exhibited the slowest bacterial
killing, whereas combinations of Streptomycin
with other antibiotics achieved the fastest killing.
In a study by Akova et al., 1999 [20], the
combination of Ofloxacin with Rifampin was
tested against 20 isolates and there was
indifference between the two antibiotics and the
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combination exhibited antagonism, indifference,
additive effect, and synergy. In the study of
Matthew and loannis 2005 [27], the combination
of Rifampin and Doxycycline was found to be the
most synergistic. On the other hand, in a
retrospective study by Tekkok et al., 1993 [28],
Ofloxacin monotherapy led to a higher probability
of brucellosis relapse than the combination of
Ofloxacin and Rifampin in a small number of
patients.

Despite the fact that quinolones are not
recommended in first-line therapy for brucellosis,
Kilic et al., 2008 [29] detected 43.7% and 25%
synergistic activity and 56.2% and 43.7% additive
activity in CIP-SXT (Trimoxazole) and TET-
MXF (Moxifloxocin) combinations, respectively.
These results may lead to consider to use of
quinolones as an alternative choice if toxicity
occurs in the classical combinations or as part of a
second-line regimen in patients who don't improve
or respond to disease relapse after therapy [27].
Finally, there are promising reports regarding the
use of quinolone as the third agent in therapeutic
combinations for complicated and difficult-to-
treat cases of brucellosis such as the study of
Manosuthi et al., 2004 [30].

There is a need to find alternative strategies to
deal with infections resulting from drug-resistant
bacteria, due to an increase in antibiotic-resistant
bacteria and the lack of new antibiotics being
brought onto the market. The development of
alternatives to antibiotics and the discovery or
development of adjuvants are among the potential
strategies proposed [19]. EOs and their
components form a part of phytochemicals that
are seemed to have such effects, according to in
vitro studies [31].

On the other hand, brucellosis was remained a
major public health concern, especially in
developing countries, and because of the
antimicrobial resistance, multiple drug-resistant
strains of Brucella have developed. For this
reason, natural plant sources were evaluated for
their antibacterial effects as an alternative and
complementary medicine against Brucella isolates
which were found to be highly pathogenic to
human beings.

Brucella logie counts inside Shami's goat
macrophages were significantly studied by some
EOs treatments compared with untreated control.

It was noticed that there were significant activities
shown when using Thymus 1% against the tested
Brucella's strains with a logio of counts decreased
from 4.3 after 2h down to 1.5, after 96h of
infection comparing to the control with logio 8.64
after 24h, while a moderate activities were noticed
when using each of Orange peel 1%, or Ginger
1% with a logi increasing from 4.25 and 3.72
after 2h up to 4.54, and 4.21 after 96h of infection
(Fig 4).

These findings were in agreement with many
studies such as those of Viuda et al., 2008 [32]
which proved that Orange and mandarin EOs had
the moderate inhibition effect upon tested
bacteria. Whereas Arshad et al., 2014 [31]
reported that the activity of Orange oil for gram-
negative organisms was significantly lower as
compared to gram-positive isolates, however for
Thymus EO Nostro et al., 2007 [33] reported it
was had very strong inhibitory effects against
tested bacteria, even in diluted forms. Lambert et
al., 2001 [34] demonstrated that Carvacrol and
Thymol, the principal components of Oregano
and Thyme EOs, killed bacteria pathogens mostly
by damaging their cytoplasmic membrane
integrity and this finding was in agreement with
this study.

Some researchers showed that the inhibitory effect
of Thyme EO was more than extracts of this plant
and with increasing of concentration; the
antimicrobial properties were enhanced [35].

It wasn’t noticed antibacterial activity when using
Mentha EO and the logio for CFU increased from
3.41 after 2h of infection up to 7.64 after 96h,
whereas it was active up to 72 h with CFU logio
about 3.27 (Fig 4). These findings were in concert
with the study of Al-Mariri et al., 2012 [36] which
revealed that Mentha volatile EO had significant
activities against B. abortus 544. Whereas, no
antibacterial activity was demonstrated by the
EOs of Mentha against B. melitensis in the study
of Al-Mariri and Safi 2013 [37]. Also, Al-Bayati,
2009 [38] reported that M. longifolia L. volatile
EO had antimicrobial activity against some gram-
positive pathogenic, but did not have any activity
against gram-negative ones. Mkaddem et al., 2009
[39] found that the Mentha volatile EO were very
active against K. pneumoniae and L.
monocytogenes; whereas they were less effective
against E. coli.
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Concerning Cinnamon 1%, it was revealed the
best antibacterial activity in Shami's goat
macrophages against Brucella strains with a logo
value of 3.41 after 2h of infection and a
decreasing value reached 0.86 after 96h of
infection which could be made it a potential
source of new antibacterial agents (Fig 5).

In a previous work performed in our laboratory,
Safi and Al-Mariri, 2014 [40] indicated the
activity of Cinnamon EO, it was showed the
highest antibacterial activities against B.
melitensis with MICso values of 3.125 and also
revealed a good activity against 90% of isolates
(MICg=6.25 pl/ml).

Our finding is in accordance with a report by Al-
Mariri et al., 2012 [36] which indicated that C.
verum volatile oil at a concentration of 1%
exhibited a strong inhibitory effect against B.
abortus 544 inside the human macrophages, and
the logio CFU increased from 3.11 to 4.9 after 24
and 96h respectively after the infection [41]
reported that the Cinnamon bark volatile EO
revealed excellent antimicrobial activity against
tested gram negative and gram-positive bacteria at
concentrations ranging from 0.31% to 10% (v/v).
Also, Ooi et al, 2006 [42] studied the
antimicrobial effect of Cinnamon against gram-
negative bacteria and reported that it was effective
against a broad spectrum of bacteria, and its
efficacy was related directly to the presence of
active components, such as cinnamaldehyde
cinnamyl acetate and cinnamyl alcohol, plus a
wide range of other volatile substances.

In contrast Cinnamon EO, when applied at a
concentration of 0.1% wasn’t showed any
significant inhibitory effect against B. abortus
isolates with a value of logio for Brucella's counts
increasing from 4.22 up to 8.10 after 2 and 96h of
infection respectively, compared to using
Cinnamon at a percentage of 1% and this result
was incompatible with the research of Al-Mariri
et al., 2012 [36] which assured that Cinnamon
EO, when applied at a concentration of 0.1%, did
not show any considerable inhibitory effect
against B. abortus 544 in comparison to the
control group. Whereas Senhaji et al., 2007 [43]
reported that viable bacterial counts decreased
from 1x107 to 1x10* CFU/ml when bacterial cells
were incubated at 37°C for 2h in the presence of
0.025% concentration of Cinnamon EO. However,

it was almost completely eliminated after 30min
of incubation in the presence of 0.05%
concentration of Cinnamon EO, and these
findings weren’t compatible with our study. In
contrast, a strong significant inhibitory effect was
observed when a 0.1% concentration of Cinnamon
EO was applied in combination with a 1%
concentration of the other plant's oil extracts in
comparison with the control without oils. The
logio CFU was reached a value of 0.99 for
Cinnamon and Mentha, 0.93 for Cinnamon and
Ginger, 1.10 for Cinnamon and Orange peel and
0.96 for Cinnamon and Thymus after 96h of
infection (Fig 6). This was mean that Cinnamon
oil at a concentration of 0.1% was associated with
increased antibacterial activity and had good
synergism with different EOs as antibacterial
agents against B. abortus, which was assured with
a previous study by Al-Mariri et al., 2012 [36]
that showed the mixture of 1% concentrations of
individual EOs and a small amount of Cinnamon
oil 0.1% was associated with enhanced
antibacterial activity. Also, Probst et al., 2011 [44]
findings showed that a combination of Cinnamon
with  Peppermint, Ginger, and Clove EOs
produced synergistic antibacterial effects against
gram-positive and gram-negative microorganisms.
Moreover, it was in agreement with Nanasombat
and Wimuttigosol, 2011 [45] results, which
revealed that Cinnamon oil in combination with
Nutmeg or Makaen (Zanthoxylum limonella
Alston) EO showed a synergistic effect against
some negative and positive gram bacteria that
were resistant to antibiotics.

These synergistic effects can be produced if the
constituents of an extract affect different targets or
interact with one another in order to improve the
solubility and thereby enhance the bioavailability
of one or several substances of an extract [46].
Conclusion

The objective of this study was to develop an
effective and cheap therapy against B.
abortus inside goat’s macrophages. Brucella
strains have been shown resistant to most
antibiotic groups used in this study, whereas it
was detected an excellent synergistic activity
between LEV-CEF, and LEV-TET. Also,
Cinnamon EO at a concentration of 1% is used
separately, or at a concentration of 0.1% in
combination with other oils and represented an
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antimicrobial
conventional

alternative source of natural
materials, and might replace
chemical antimicrobials.

The high specific activity of Cinnamon at low and
non-toxic concentrations suggests that it could be

used in clinical practice for the treatment of
Brucellosis in animals and humans, whereas more
specific studies are recommended to examine this
alternative therapy.

Table 1: Oligonucleotide primers used for multiplex PCR.

primer DNA sequence (5°-3”) Gene target Reference
alpha-
Bru-Ab GACGAACGGAATTTTTCCAATCCC | ketoglutaratedependent
dioxygenase
Bru-Me AAATCGCGTCCTTGCTGGTCTGA hypothetical protein [10]
Bru-1S711 TGCCGATCACTTAAGGGCCTTCAT IS711
Bru-F CCTTTTCGAGCACTTCGG UGB
Bru-R AGCTATCGCGCTCACCAT gp

Fig 1: PCR Electrophoresis on agarose gel 1%: MW: 100bp molecular DNA ladder, 1: B.

melitensis,

2: B. melitensis, 3: B. abortus, 4: B. abortus, 5: Brucella sp., 6: Negative control.
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Fig 2: The antimicrobial effects of the studied antibiotics as logio CFU/mI after 2 to 96h from
macrophages infection with B. abortus. It was noticed that there were statistically significant
differences with (p<0.05) between the antibiotics and control, and between (lev and antibiotics
except for cef) for the time above 24h. No significant difference was shown between lev and cef at

Logl0 CFU/ml

all times of the study.
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Fig 3: Synergistic inhibitory effect of antibiotics after 2-96h of infection; (A): synergism between
LEV and TET (%) on B. abortus inside goat macrophages in comparison with each of them alone
(0) and (0); (B): synergism between LEV and CEF (A) on B. abortus inside goat macrophages in
comparison with each of them alone (0) and (¥). There were statistically significant differences
with (p<0.05) between TET and each of LEV and LEV-TET (A). It was noticed that there was no
statistically significant difference between LEV, CEF, and LEV-CEF (B).
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Fig 4: The antimicrobial effects of the studied oil extracts as logio CFU/mI after 2 to 96h from
macrophages infection with B. abortus; (o): Without oil, () Thyme 1%, (V) Orange 1%, (0)
Zingiber 1%, (0) Mentha 1%, (¢) Cinnamon 1%, (>>) Cinnamon 0.1%. It was noticed that there was
a statistically significant difference with (p<0.05) between each of Zingiber, Orange, Mentha, and
Cinnamon 1% against Thyme 1%, and Cinnamon 0.1%. There were no significant differences
shown between Zingiber, Orange, Mentha, and Cinnamon 1%.

Fig 4: The antimicrobial effects of the studied oil extracts as logio CFU/ml after 2 to 96h from
macrophages infection with B. abortus; (o): Without oil, () Thyme 1%, (V) Orange 1%, (0)
Zingiber 1%, (0) Mentha 1%, (¢) Cinnamon 1%, (P>) Cinnamon 0.1%. It was noticed that there was
a statistically significant difference with (p<0.05) between each of Zingiber, Orange, Mentha, and
Cinnamon 1% against Thyme 1%, and Cinnamon 0.1%. There were no significant differences
shown between Zingiber, Orange, Mentha, and Cinnamon 1%.
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Fig 5: Antibacterial effect of Cinnamon oil extracts at a concentration of 1% (V) and 0.1% (o) after
2-96h of infection on B. abortus inside goat macrophages in the comparison with the control (o). It
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was noticed that there was a statistically significant difference with (p<0.05) between Cinnamon
1%, and Cinnamon 0.1%.
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a
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-
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0.00+

O Centrol
] Thyme 1%+Caruvasan 0.1%
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e
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Fig 6: Synergistic inhibitory effect of oil extracts after 2-96h of infection; (0): Bacteria without oils,
(o) synergism between Cinnamon 0.1% and Thyme 1%, (V): Synergism between Cinnamon 0.1%
and Orange 1%, (#1): Synergism between Cinnamon 0.1% and Mentha 1%, (0):Synergism between
Cinnamon 0.1% and Zingiber 1%o; on B. abortus inside goat macrophages in comparison with the
effects of Cinnamon 0.1%o alone. There were no significant differences shown between the following
synergism (Orange 1%- Cinnamon 0.1%0), (Mentha 1%- Cinnamon 0.1%0), (Zingiber 1%- Cinnamon
0.1%). a statistically significant difference with (p<0.05) was shown for the synergism (Thyme 1%-

Cinnamon 0.1%) against the other synergism after 96h of infection.
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