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Abstract

Erythromycin may be bacteriostatic or bactericidal depending on the organism
and drug concentration. The purpose of this study was to evaluate the antimicrobial activity
of the inclusion complexes of erytromycin with β -cyclodextrin synthesized by three
methods: kneading, co-precipitation and freeze-drying.
The inclusion compounds were synthesized using a molar ratio of erythromycin:
β-cyclodextrin of 1:1.
To determine the antimicrobial activity of erythromycin and its inclusion
complexes, we used the disk diffusion method on Muller-Hinton medium and
Staphylococcus aureus ATCC 25923 was used as quality control organisms.
Our determinations showed that the tested complexes erythromycin- β –
cyclodextrin had a strong antimicrobial activity.
Rezumat
Eritromicina poate fi bacteriostatică sau bactericidă, în funcţie de organism şi de
concentraţia ei. Scopul acestei lucrări a fost acela de a evalua activitatea antimicrobiană a
unor complecși de incluziune ai eritromicinei cu β-ciclodextrina obținuți prin trei metode:
frământare, coprecipitare și liofilizare.
Compușii de incluziune au fost sintetizați utilizând un raport molar eritromicină:
β-ciclodextrină de 1:1.
Pentru determinarea activității antimicrobiane a eritromicinei şi complecșilor săi
s-a utilizat metoda difuzimetrică pe mediu Müller-Hinton și ca microorganism- test s-a
folosit Staphylococcus aureus ATCC 25923.
Rezultatele obţinute au evidenţiat o sensibilitate a microorganismelor la
complecșii eritromicină-β - ciclodextrină.
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Introduction
Erythromycin (Figure 1) is a macrolide antibiotic produced by
Streptomyces erythreus. It inhibits the bacterial protein synthesis by binding
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to bacterial 50S ribosomal subunits; binding inhibits peptidyl transferase
activity and interferes with the translocation of amino acids during
translation and assembly of proteins. Erythromycin may be bacteriostatic or
bactericidal depending on the organism and drug concentration [5,11,15,17].

Figure 1
Chemical structure of erythromycin

The chemical name of erythromycin is (3R, 4S, 5S, 6R, 7R, 9R, 11R,
12R, 13S, 14R) -4-[(2, 6 - dideoxy-3- C-methyl – 3 – O – methyl – α – L ribo-hexopyranosyl)oxy]-14-ethyl-7,12,13-trihydroxy-3,5,7,9,11,13hexamethyl-6-[(3, 4, 6 – trideoxy – 3 – dimethylamino – β – D – xylo hexopyranosyl)-oxy]oxacyclotetradecane-2,10-dione.
This paper is a contribution to the development of inclusion
chemistry type nanoconjugates cyclodextrin – drug with the role of
obtaining controlled-release antimicrobial agents (the field of
nanomedicine), a priority area of the European Knowledge Area
[3,10,14,16].
A first phase of the study was the synthesis and characterization of
host-guest nanoconjugates type of cyclodextrins and erythromycin to
increase the bioavailability and efficiency of drug substance molecules [12].
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The purpose of this study was to evaluate the antimicrobial activity
of the inclusion complexes of erytromycin with β-cyclodextrin synthesized
by three methods: kneading, co-precipitation and freeze-drying.
Materials and Methods
All materials were reagent grade and used without further
purification. Erythromycin and β -cyclodextrin were obtained from Sigma
Aldrich GmbH, Germany.
To determinate the antimicrobial activity of erythromycin and its
inclusion complexes we used the disk diffusion method on culture MüllerHinton medium, agar poured uniformly on a thin layer of 4 mm, pH 7.4. As
test microorganisms it was used Staphylococcus aureus ATCC 25923.
Inocula were prepared in nutritive broth at a density adjusted to a 0.5 Mc
Farland turbidity standard for disc diffusion. The inoculated plates were
then incubated at 37oC, 24h. The turbidity was determined with a
nefelometer - DEN 1 Biosan. The active substance content of a standard
tablet of erythromycin was 15 µg and the same concentration was
established for inclusion complexes. Filter paper discs (4 mm in diameter)
were impregnated with solutions of the complexes erythromycin - βcyclodextrin and placed on seeded plates [1]. As a control it was used a
blank disk impregnated with methanol, used as solvent. The activity was
determined after a 24 hours incubation at 37°C [7, 9,13].
Results and Discussion
We examined the Petri dishes after 24-48 hours and recorded the
diameter of the inhibition zones for the test-microorganism (mm). The
results are illustrated in figure 2.
In accordance with the requirements of quality control, we used
standard M100-S16, 2006, Staphylococcus aureus ATCC 25923, with the
15µg erythromycin disk which should be within the diameter of inhibition
between 22 - 30mm [2, 4, 6, 8, 15, 17].
The sensitivity of Staphylococcus aureus ATCC 25923 was higher
than the tested complexes, compared with the standard antibiotic
erythromycin. Each sample was used in triplicate in order to determine the
antibacterial activity.
The results are presented in table I and represent the antibacterial
activity of the three-cyclodextrin erythromycin nanoscale systems (noted
P1, P2, P3) obtained by different methods.
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Sample I

Sample II

Sample III

Sample IV

Sample V

Sample VI
Figure 2
Antimicrobial activity of the
complexes on seven determinations
(Each sample was used in triplicate
in order to determine the
antibacterial activity)

Sample VII
Our determinations showed that there is an inhibitory activity on the
tested bacteria in the presence of the studied nanoscale systems.
The highest antimicrobial activity was registered by the complex P3,
obtained by co-precipitation, with the inhibition zone diameter 29.14 ± 1.86
mm, followed by sample P2 (freeze-drying), the inhibition zone diameter
being 28.29 ± 2.28 mm (Table I).
Table I
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The values of inhibition zones of erythromycin-β-cyclodextrin complexes
No.sample
E(mm)
P1(mm)
P2(mm)
P3(mm)
I
25
25
27
27
II
30
30
30
30
III
26
25
27
27
IV
30
31
34
30
V
28
30
30
34
VI
23
25
25
26
VII
26
28
25
30
26.86±1.85
27.71±2.03
28.29±2.28
29.14±1.86
E-standard, P1-kneading, P2-freeze-drying, P3-co-precipitation

Figure 3
Graphical representation of the inhibition zones diameter of the three complexes
compared to the standard
E-standard, P1-kneading, P2-freeze-drying, P3-co-precipitation

In comparison with the standard reference - erythromycin 15
µg/disc, the formed complexes showed an increased antibacterial activity at
the same concentration/disc.
The antibacterial activity of the structural analogues of erythromycin
has been reported by many authors [5].
In our paper we found that the complexes preserved the antibacterial
activity of erythromycin.
Data are presented as the mean of seven measurements of both the
tested products and the standard group.
There was a significant difference between the value for the
kneading complex (P1) (27.71±2.03mm) and standard erythromycin
(26.86±1.85 mm) (p = 0.042). When we compared the values for sample P2

FARMACIA, 2013, Vol. 61, 3

523

(freeze-drying) (28.29±2.28mm) to the reference (26.86±1.85 mm)
important differences were recorded (p = 0.020). In comparison with the
standard drug - erythromycin the mean value for co-precipitation complex
(P3) (29.14±1.86mm) was significantly increased (p < 0.001) (figure 3).
By performing the statistical calculation of antimicrobial activity it
was concluded that the samples comply with the quality control
requirements (Figure 4).

Figure 4
The values of inhibition zone diameter for the seven samples (I-VII)
E-standard, P1-kneading, P2-freeze-drying, P3-co-precipitation

Processing of experimental data allowed us to calculate the activity
coefficient (r) of each sample representing the three complexes
erythromycin - β - cyclodextrin obtained (Table II).
From the point of view of the antimicrobial activity, the studied
samples were identical concerning quality and closely quantitatively to the
standard.
Table II
Activity coefficient (r) of the antimicrobial activity of the complexes erythromycin
- β - cyclodextrin
Samples
P1
P2
P3
Activity coefficient (r)
0.5696
0.5770
0.5742
P1-kneading, P2-freeze-drying, P3-co-precipitation

The obtained results allowed us the assertion that the antimicrobial
action of inclusion complexes is reproducible in the condition that the
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complexes were synthesized using the three methods: kneading, coprecipitation and freeze-drying.
Conclusions
Our determinations showed that the three complexes erythromycinβ – cyclodextrin had strong antimicrobial activities.
There was a significant difference between the complex
erythromycin- β–cyclodextrin obtained by co-precipitation method
compared to the complexes obtained by freeze-drying or by kneading.
The research points out that the antimicrobial activity of
erythromycin and of the erythromycin- β –cyclodextrin complexes is
therapeutically appropriated.
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