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Abstract

The antimicrobial activity of tetracycline hydrochloride (OTC) and cinnamon (Cinnamomum zeylanicum Nees) essential oil (CEO)
was evaluated against six different isolates of Paenibacillus larvae (White), the causal agent of American Foulbrood (AFB) disease
in honey bee colonies. The bacteria isolates were collected from different localities of Argentine. Minimal inhibitory concentration
(MIC) in MYT broth by the tube dilution method was evaluated for each substance and for the combinations of both antimicrobials
using Krogstad and Moellering technique in order to establish the possible synergistic effects between these substances. OTC mean
MIC values were of 3.67 + 1.80 pg/ml, while the mean MIC values obtained for CEO were of 41.67+19.17 pg/ml. An inhibitory

synergetic effect between these substances was observed with FIC index < 1 on 50% of the on P. larvae isolates.

Key words: Tetracycline hydrochloride, cinnamon essential oil, antimicrobial activity, Paenibacillus larvae.

Introduction

The bacterial pathogen Paenibacillus larvae (White), is
the etiological agent of American foulbrood (AFB) dis-
ease, an extremely contagious disease of honey bee
brood (Genersch et al, 2006). AFB preventive and
curative treatments usually consist in the application of
antibiotics, such as tetracycline hydrochloride, but their
extensive use have led to the accumulation of residues
(Bogdanov, 2006) in honey and other beehive products,
decreasing their quality and making their marketing
more difficult. Besides residue accumulation, antibiotic-
resistant isolates of P. larvae have been detected in
many countries (Alippi, 1996; Miyagi et al., 2000; Ev-
ans, 2003). The concern for problems arising from mi-
crobial resistance is growing and the outlook for the fu-
ture use of antimicrobial drugs is still uncertain. There-
fore, actions must be taken to reduce this problem, for
example optimizing the use of antibiotics when legally
permitted and/or developing new drugs, either synthetic
or natural (Nascimento et al., 2000), potentially efficient
in the control of this very serious honeybee disease. The
use of essential oils, with known antimicrobial proper-
ties, can be of great significance in apiary treatments.
Since 1988 various studies were carried out to evaluate
the effects of diverse essential oils against P. larvae
(Carta and Floris, 1989; Floris and Carta, 1990; Alippi
et al., 1996; Floris et al., 1996; Bazzoni and Floris,
1999). In the last few years, a number of studies have
been conducted to verify the efficiency against P. larvae
(Fuselli ef al., 2008, Gende et al., 2009a, 2009b) of cin-
namon essential oil and its main components (Gende et
al., 2008a; 2008b; Gende, 2009). The aim of this study
was the in vitro evaluation of the antimicrobial activity
of a tetracycline hydrochloride (OTC) and cinnamon

essential oil (CEO) mixture against P. larvae isolates,
aiming to develop an effective combination of OTC
with CEO in apiary, resulting in an overall reduction in
the antibiotic employment for apicultural management,
consequently reducing the risks of residues accumula-
tion in beehive products and of bacterial resistance ap-
pearance, with special regard to the countries where the
OTC use is permitted for the control of this bacterial
disease.

Materials and methods

Bacterial biomass preparation

The bacterial isolates of P. larvae were collected from
brood combs of beehives with clinical symptoms of
American foulbrood located in Buenos Aires province
(Argentina): Mar del Cobo, Sierra de los Padres, La
Plata, Vidal, Mar del Plata and Ascasubi (corresponding
to strain collection of Arthropods Laboratory, School of
Natural and Exact Sciences, National University of Mar
del Plata). Isolation was achieved on MYPGP agar
(Dingman and Stahly, 1983) and Paenibacillus alvei
(Cheshire et Cheyne) growth inhibition was ensured by
the addition of 9 pg/ml of nalidixic acid. Plates were
incubated under microaerobic conditions (5-10 % of
CO,) and strains were identified using biochemical tests
(Gordon et al., 1973; Alippi, 1992). Pure strains were
maintained on MYPGP agar with 15% v/v glycerol until
used. Vegetative cells of P. larvae previously cultivated
on MYPGP agar for 48 h at 35 + 0.5 °C were suspended
in double distilled sterile water and the suspension was
standardized according to FDA method (Merker, 1998).
Concentration was adjusted to 0.5 of Mac Farland scale
for measuring antimicrobial activity with serial dilution.



Evaluation of the antimicrobial activity

The classification of susceptible was made based on
the methodology described by Alippi et al. (2007). The
CEO was mixed in water and emulsified with 8% (v/v)
propylene glycol (1,2-propanediol, Budavari et al.,
1996), and the OTC antibiotic was mixed in water, sepa-
rately. To evaluate the combination of these two antim-
icrobials, we used Krogstad and Moellering technique
(Koneman et al., 1999), known as checkerboard test. Di-
lutions of each antimicrobial were chosen in the middle
of the concentration of each drug, 9 each, in relation to
previous studies (Gende et al. 2008b, Gende 2009). The
concentrations evaluated were in the range of 5 dilutions
below the MIC, the MIC and twice over the MIC (Elio-
poulos and Moellering, 1996). For broth microdilution,
100 pl of MYT broth (Gende et al., 2008¢) were placed
in each of the microtitre plates. Drug A (OTC) was di-
luted in series in the direction of the ordinates, while the
B (CEO) was diluted along the abscissas axis. The re-
sulting grid provided all possible combinations of two
antibiotics, from a well that contained the highest con-
centration of each to the lowest concentration in the op-
posite corner (figure 1). Then, microbial biomass sus-
pension was added to each well. Inhibitory concentration
was directly evaluated by turbidity observation. Positive
and negative controls (with microorganisms and water,
respectively) were used. Microtiter plates were incubated
at 35 + 0.5 °C for 48 h. Antimicrobial activity was tested
by triplicate analyses. When two antibiotics are given
together, their effects can be: a) additive, when corre-
sponding to the sum of the effects that each of them pro-
duces separately; b) antagonistic, when resulting in a
lower effect than the sum of the single effects produced
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by each agent separately; ¢) synergistic, when the result-
ing effect is greater than the sum of the separate effects
of each drug. The interpretation of results in the evalua-
tion of these two antimicrobial products was based on
the calculation of fractional inhibitory concentrations
(FIC) and FIC index (Davidson and Parrish, 1989): FIC
A = (MIC of A in the presence of B) / (MIC of A); FIC
B = (MIC of B in the presence of A) / (MIC of B); FIC
index = FIC A + FIC B; FIC index value allow to deter-
mine whether the mixture is additive, antagonistic or
synergistic. A mixture is additive if the FIC index value
is equal or approximately equal to 1; antagonistic if FIC
index is > 1; synergistic if FIC index is < 1.

Results and discussion

Results for antimicrobial activity of OTC and CEO,
alone or in combination, against P. larvae strains iso-
lated from different Argentinean geographic areas are
shown in table 1. The majority of the analyzed isolates
(66.7%) can be considered susceptible to the action of
OTC MIC values < 4 pg/ml. While, the remaining per-
centage (33.3%) showed MIC values of 6 pg/ml, being
considered as intermediate Alippi et al. (2007). On the
bases of the calculated FIC index values for each iso-
lates, it was determined that for 33.3% of the strains the
antimicrobial effect against P. larvae was antagonistic,
with FIC index values > 1; for the blend, the effect was
additive, with an FIC index value = 1 in 16.7% of cases;
finally, synergism was observed, with FIC < 1, for 50%
of the isolates. This variability in results could be
mainly due to a difference in the OTC antibiotic suscep-
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Figure 1. Checkerboard titration to evaluate antimicrobial synergism. Each box represents a tube or microtiter tray.
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Tablel. Antimicrobial activity' of oxitetracycline, C. zeylanicum essential oil and of both substances together against
P. larvae strains isolated from different Argentinean geographic areas.
MIC values were in pg/ml expressed as mean and standard deviation values; FIC A = (MIC of A in the presence of B) /
(MIC of A); FIC B = (MIC of B in the presence of A) / (MIC of B); FIC index = FIC A+ FIC B.
P. [ Cb: P. larvae Cobo; P. [ SAP: P. larvae Sierra de los Padres; P. [ LP: P. larvae La Plata; P. [ V: P. larvae Vidal;
P. [ Tp: P. larvae Mar del Plata; P. [ As: P. larvae Ascasubi.

Antimicrobial agent Paenibacillus larvae isolates
P.ICb P. [ SdP P ILP P IV P.lTp P.[As
OTC MIC 3+0 S 3+0 S 2+0.87 S 2+0.87 S 60 1 60 I
FIC A 0.13 0.06 0.38 0.09 1 1
Cinnamon MIC 66.67 £28.87 33.33+14.43 41.67+14.43 25+ 0 50+£0 33.33+14.43
FICB 0.02 0.05 0.60 0.13 0.03 0.05
FIC index <18y <18y ~1Ad <18y >1 An >1 An

! Antimicrobial activities were determined by triplicate analyses.
S: OTC sensible; I: OTC intermediate; Sy: synergistic effect; Ad: additive effect; An: antagonistic effect.

tibility of the different tested isolates. MIC values ob-
tained for OTC against P. larvae isolates ranged be-
tween 2 to 6 pg/ml. The MIC values of susceptible
strains obtained were comparable to those reported by
Piccini and Zunino (2001). On the other hand, Alippi et
al. (2007) found that the OTC-susceptible strains
showed MIC values lower than 4 pg/ml, considering
that some of the isolates analyzed were intermediate to
the antibiotic. Results of CEO antimicrobial activity
were similar to those found by Gende ef al. (2008b). In
the attempt to enhance the antimicrobial activity and
reduce the development of resistance, the in vitro ad-
ministration of antibiotic in combination with another
active ingredient was conceived. In this particular case,
trials aimed to determine whether it is possible to main-
tain efficacy decreasing the dose of OTC when adminis-
tered in a mixture with CEO. The results indicate that it
is not possible to generalize the combined use of these
antimicrobials in apiary, since synergism was observed
only in 50% of the cases, while effects were antagonis-
tic for 33% of the isolates studied. In practice, this vari-
ability suggests to conduct laboratory tests before adopt-
ing antibiotic cinnamon essential oil mixture application
against P. larvae as an effective alternative to control
the AFB in apiary.
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