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A simple, inexpensive and efficient agar diffusion bioassay, applying cylinder plate method, for determination of josamycin (JOS) in
pure and pharmaceutical dosage forms was studied. Using a strain of Micrococcus luteus ATCC 9341 as the test organism, JOS at
concentrations ranging from 0.1 to 0.5 µg/mL could be measured. The calibration graph was linear with good correlation coefficient (r =
0.999), and the method validation showed that it was specific and robust. The interference effects of degradation products and excipients
were investigated in order to assess the method selectivity. The proposed method was successfully applied to estimate JOS content in
tablets and suspension with good precision (intra-day RSD=0.87%; inter-day RSD=1.25%) and accuracy; the recovery values were
between 97.74 and 101.13%. Bioassay was correlated with UV spectrophotometric and high performance liquid chromatographic
techniques. The results obtained by these three methods were statistically analyzed by analysis of variance (ANOVA), which indicated
that there was no significant difference among these methods. Therefore, we recommend this microbiological assay for drug analysis in
routine quality control of josamycin in pharmaceuticals as an alternative to the physicochemical methods reported in the literature.
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blocking the entrance to the ribosomal tunnel. This leads to the arrest of the
peptide growth, due to steric hindrance, and the dissociation of the peptidyltRNA (Omura et al., 1970).
JOS can be produced as commercial form by fermentation using Streptomyces
narbonensis var. josamyceticus (Tenson et al., 2003). But, this method is not
enough selective and several related compounds are produced. Consequently, a
validated and selective method is required to quantify JOS in the presence of
other compounds.
A literature review reveals numerous analytical methods for JOS analysis
including microbiological assay (Bergan et al., 1972), thin layer chromatography
(European Pharmacopoeia, 2010), spectrophotometry (Alarfaj et al., 2011),
voltammetry (Belal et al., 2002), and capillary zone electrophoresis (Lalloo et
al., 1997; Deng et al., 2007; Liu et al., 2010). High-performance liquid
chromatography coupled to mass spectrometry (Govaerts et al., 2004; Dickson
et al., 2014; Daidone et al., 2008; Van den Bossche et al., 2013), fluorescence
detection (Tod et al., 1992), electrochemical detection (Gonzalez de la Huebra
et al., 2007) and UV detection (Garcia-Mayor et al., 2015; Garcia-Mayor et
al., 2006; Leal et al., 2001; Kanfer et al., 1998; Arsic et al., 2018) have been
used to specifically investigate unchanged JOS. Nevertheless, the majority of
these methods illustrate the investigation of JOS in biological fluids. Only some
of them deal with the quantification of JOS as dosage form (Arsic et al., 2018).
In general, most of the used techniques were time-consuming, and dedicated to
sophisticated and expensive equipments (Mahmoudi et al., 2020).
In this present research, a validated and specific microbiological assay using the
cylinder–plate technique was described for JOS quantification in pharmaceutical
formulations as a substitute to the physicochemical procedures reported in the
literature. The developed assay was validated in terms of: specificity, linearity,
precision, accuracy and robustness. It was easily and effectively applied for the
quantification of the pharmaceutical formulations. UV spectrophotometry and
HPLC were used for a comparison study.

INTRODUCTION
JOS, (3R,4R,5S,6R,8R,9R,10E,12E,15R)- 3-acetoxy- 5 -[O-2, 6-dideoxy- 4 -Oisovaleryl- 3 -C- methyl-a-L-ribo-hexopyranosyl-(1→4)-3,6-dideoxy- 3dimethylamino-b-D-glucopyranosyloxy]-6-formyl- methyl- 9 -hydroxy- 4 methoxy-8, 15-dimethyl-10, 12- pentadecadien-15-olide, is an effective antibiotic
against mycoplasma, Gram-positive cocci, bacilli and certain Gram-negative
organisms. Similar to 16-membered macrolides, JOS is a lipophilic molecule
with a central lactone ring of 16 atoms, where several amino and sugar moieties
are attached. Some of its pharmacokinetic properties are as follows: accumulation
in certain cells and an increase in blood plasma levels after repeated ingestion
(Omura, 2002; Bryskier et al., 1993; Kikuchi et al., 1998) (Figure 1).

Figure 1 Chemical structure of josamycin
JOS is an antibiotic mainly employed in human medicine for the treatment of
many infections of skin, respiratory tract, ear, nose and throat. Else, it is used in
veterinary practice as feed additive or to treat some disease. JOS is a member of
the leucomycin complex and has an action mechanism essentially based on
protein synthesis inhibition: it binds to the ribosomal subunit (50S), hence
33
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MATERIAL AND METHODS

Results calculation

Chemicals

JOS potency in tablets solution was estimated using the Hewitt equation (Hewitt,
1977). The results were statistically treated by the model of linear parallel for the
3 × 3 design and by linear regression analysis. The bioassay was statistically
validated using analysis of variance (ANOVA), to estimate the regression,
parallelism and linearity of each assay. In order to ensure the statistical validity,
the confidence interval (P = 0.95) of each test was considered (United States
Pharmacopeia, 2007; Hewitt, 1977; ICH–guidelines, 2011).

JOS standard was provided by Sigma–Aldrich (Steinheim, Germany). Tablets
containing JOS were obtained commercially. Josacine® tablets (Astellas Pharma,
France): labeled to contain JOS as 500 mg/tablet. Josacine® oral suspension
(Astellas Pharma, France): labeled to contain JOS as 125 mg/5 mL. All drugs
forms were employed without any purification phase. Working standards were
prepared freshly every day.

Validation of analytical assay
Dipotassium hydrogen phosphate was of analytical-reagent grade from Sigma–
Aldrich (Steinheim, Germany). Methanol was of HPLC grade from the same
source. All other reagents were of analytical grade. Doubly distilled water was
used throughout.

The proposed assay was further validated for selectivity, linearity, accuracy,
precision and robustness according to frequently recommended references
(United States Pharmacopeia, 2007; ICH–guidelines, 2011; Paim et al., 2011;
Schmidt et al., 2009).

Preparation of stock standard
Linearity
JOS stock standard solutions (100 μg/mL) were prepared by dissolving an
equivalent quantity of macrolide in methanol (10 mg/ 100 mL). 0.025 M
dipotassium hydrogen phosphate buffer (pH 8.0) was used to prepare freshly
solutions by an appropriate dilution. The solutions were prepared and used as
working standards at concentrations of 0.1, 0.3 and 0.5 μg/mL, which were used
in the assay as reference solutions.

Three doses of the reference solutions were used to plot the calibration curve.
Solutions of JOS at concentrations ranging from 0.1 to 0.5 µg/mL were prepared
from stock standard. Linearity was investigated using linear regression by means
of least squares.
Assay precision

Preparation of pharmaceutical samples
Precision of the method was determined for repeatability and precision.
Repeatability (intra-assay) was estimated by testing the same concentration of
samples (tablets and suspension), using the same conditions and in the same day.
Intermediate precision (inter-assay) was studied by doing the tests on three
successive days (eight replicates per concentration). The results were expressed
in % relative standard deviation (% RSD).

Josacine® tablets
The sample preparation was performed based on an already published protocol
(Mahmoudi et al., 2015; Mahmoudi et al., 2016, Mahmoudi, 2018). Ten
tablets of Josacine® were weighed and then finely powdered after that. A weighed
powder equivalent to 500 mg was transferred into volumetric flasks of 100 mL
containing some methanol (20 mL) and dissolved by ultrasonic bath for a period
of 20 min, after that the solution was completed to volume with the same solvent.
The solution was mixed and filtered using a Millipore membrane filter. A precise
volume of the filtrate was consequently diluted with the dipotassium hydrogen
phosphate buffer (pH 8.0) solvent to obtain a sample solution that has a working
concentration of 0.1, 0.3 and 0.5 µg/mL. This sample was evaluated in triplicate.
This process was done twice.

Accuracy
Accuracy of any analytical technique is defined as the closeness of the method
results to the exact value. It was determined by adding known amounts of
reference substance to the samples at three concentration values of the working
solution (n=3). For this purpose, quantities of 3, 3 and 15 mg of JOS were
transferred to three volumetric flasks of 300, 100, and 300 mL respectively, and
1.0, 1.0 and 5.0 mL of reference solution (300 µg/mL) were added (in this same
order). Then, buffer of dipotassium hydrogen phosphate was used to yield the
final concentrations of 0.11, 0.33 and 0.55 µg/mL. The solutions were assayed
following the proposed bioassay and the percentage recovery of added reference
was calculated by the equation of AOAC (Horwitz, 2000).

Josacine® oral suspension
A weighed portion of the powder for oral suspension of JOS (125 mg) was
introduced into a volumetric flask of 100 mL. Then 20 mL of methanol was
added. The mixture was then sonicated (5 min), adjusted to mark and mixed well.
The dilution method was followed to obtain a solution having the same working
concentration range.

Specificity
Specificity includes a list of detailed requirements with which the products used
or obtained during manufacturing have to be confirmed. The method capability to
quantify JOS in the presence of the excipients and degradation substances was
investigated. Thus, solutions were prepared, sonicated for 10 minutes, filtered
and then assayed. The solvent, degradation products and placebo were
individually tested in order to determine their individual activity and then they
were compared with standard solution results and checked for any interference of
extraneous substances present with JOS.

Microbiological assay
The bioassay applying the cylinder-plate diffusion technique reported in the US
Pharmacopeia was employed (United States Pharmacopeia, 2007), and the
parallel-line model was used. Differences were considered statistically significant
if P was <0.05.
Organism and inoculum

Robustness study
In brief, the indicator organism was Micrococcus luteus ATCC 9341 applying the
method of cylinder–plate. The cultures were cultivated in the freezer on Grove
Randall number 1 agar (Merck) and pealed to another Grove Randall number 1
agar (24 h before the assay) that was kept in a stove at 35 °C. Grove Randall
number 3 broth (Merck) was used to prepare the bacterium suspension (25±2%
transmittance at 580 nm). The inoculated layer was prepared at 47±2 °C by
adding 100 mL of Grove Randall number 11 agar (Merck) to 1 ml of the
inoculated Grove Randall number 3 broth.

Method robustness is the evaluation of their ability to stay unchangeable by
miniature variations in parameters of the procedure to indicate its reliability in
case of the normal conditions. The robustness of this bioassay was investigated
by assaying standard solutions at the same concentration (0.5 μg/mL) using a
diversity of conditions. The changed parameters were inoculum concentration,
incubation temperature and inoculated broth volume. Each factor was tested at
two levels around their central point. The low (−1), central (0) and high (+1)
levels studied are listed in Table 1. The obtained results of the different tests were
analyzed by ANOVA and expressed in % RSD.

Method of cylinder–plate
The microbiological assay followed the design of 3 × 3 parallel line, using eight
plates for each test. The base agar layer consisted of 20 mL of medium No. 1
which was poured into a 100 mm × 20 mm Petri dish. Subsequent the
solidification of this layer, 5.0 mL portions of the inoculated medium 11 were
poured onto that base agar layer. In each plate, nine stainless steel cylinders of a
similar size (8 mm × 6 mm × 10 mm) were located on the surface of the
inoculated medium. Each test was planned to estimate the reference solutions and
two different samples in the same plate. Three cylinders were used for the
reference solutions (200 µL), while the others were employed for the sample
solutions. After incubation (24 h at 35 °C) the zone diameters (in mm) of the
growth inhibition were carefully measured with caliper.

Table 1 Investigated parameters in the robustness
Conditions
Low level (−1)
Central value (0)
Inoculum
concentration
1.8
2.0
(%)
Incubation
temperature
33
35
(°C)
Inoculated layer
4.5
5.0
(mL)

34

High level (+1)
2.2

37
5.5
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LOD and LOQ were found to be 0.03 and 0.10 μg/mL, respectively, indicating an
adequate sensitivity of the bioassay. Thus, LOD and LOQ values demonstrate
that considered microbiological assay is sufficiently sensitive for JOS
quantification in pure form and pharmaceutics (such as tablets and oral
suspension).

Comparison study
The bioassay results were compared with a previously reported HPLC method
(Leal et al., 2001) and a UV spectrophotometric method. UV spectrophotometric
procedure was realized on a UV–Vis Spectrophotometer, model SPECORD®
250 Plus, Germany. JOS was detected at 232 nm using methanol as solvent.

25
Mean diameter zone of
inhibition (mm)

RESULTS AND DISCUSSION
Choosing a suitable method of analysis is essential for quality control of
pharmaceutical dosage forms and is based on numerous parameters like drug
source, its complexity, sample quantity, availability of apparatus and reagents
(Dafale et al., 2015). Recently and for many years, a considerable attention,
principally from regulatory agencies, has focused on the development and
validation of several techniques in order to determine the potency of drugs due to
their significance in pharmaceutical analysis (Kanfer et al., 1998; Arsic et al.,
2018). The potency of an antibiotic may be demonstrated under suitable
conditions by comparing the inhibition of growth of sensitive microorganisms
produced by known concentrations of the antibiotic to be examined and a
reference standard (United States Pharmacopeia, 2007). From the tested strains,
Micrococcus luteus ATCC 9341 was shown to be the best and the appropriate
test microorganism in terms of its sensibility to JOS and ability to obtain sharply
clear inhibition zones, which can help for easy measurements with high level of
exactitude. In this study, the developed microbiological assay was described as a
simple and an appropriate technique for JOS quantification in the pharmaceutical
formulations.

y = 8,5377x - 1,2325
R² = 0,9991
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Figure 2 JOS calibration curve
Table 2 Statistical factors of JOS analysis using the studied bioassay.
Linear range (µg/mL)
0.1–0.5
Regression equation (y=a+bc)a
Slope (a)
8.537
Intercept (b)
- 1.232
Correlation coefficient (r)
0.999
Detection limit (µg/mL)
0.03
Quantification limit (µg/mL)
0.10
a
y: diameter of the inhibition zone in mm, c: logarithm of the drug concentration
in ng/mL

Method performance
The studied microbiological assay was validated in terms of linearity, precision,
accuracy, lower limit of detection, lower limit of quantification, robustness using
ICH guidelines (ICH–guidelines, 2011; Breier et al., 2002).
Least square regression analysis was carried out for getting the slope, intercept,
correlation coefficient and the relative standard deviation values. The results of
mean zone diameters for reference solutions of JOS were: 15.81 mm
(RSD=0.93%) for low dose (0.1 µg/mL), 20.02 mm (RSD=0.62%) for medium
dose (0.3 µg/mL) and 21.74 mm (RSD=0.88%) for high dose (0.5 µg/mL).

Precision evaluation
Precision of any method defined as the closeness of agreement between a series
of obtained determinations from multiple sampling of the same sample using a
normal operation. In accordance with ICH (ICH–guidelines, 2011), precision
should be evaluated at different levels such as repeatability (Intra-day precision)
and intermediate precision (Inter-day precision).
Repeatability of individual measurements is expressed as % relative standard
deviation. It was determined by preparing the sample solution at the
concentration of 0.5 μg/mL and six replicates (n=6) on the same day, and then the
% RSD of the obtained values was estimated.
The intermediate precision was evaluated by testing samples at three level of
concentrations (0.1, 0.3 and 0.5 μg/mL) over three successive days (n=3). Interday precision was studied by analyzing JOS in tablets and suspension with eight
replicates per concentration.
The obtained values of % RSD varied in the range of 0.58- 0.87% for intra-day
precision and 1.02- 1.25 % for inter-day precision (Table 3). The individual and
the low values of %RSD observed are within acceptance criteria, which indicates
that the method is precise.

Selectivity
Method specificity is the capability of the microbiological assay to distinguish
the studied analyte from the other interfering products. It serves as a backbone for
quality evaluation. To estimate the specificity of the described bioassay, JOS
standard was spiked with excipients and evaluated. No interference was observed
during the examination of JOS, which indicates that this procedure is specific for
JOS analysis in the pharmaceutical forms, indicating the good selectivity of the
developed bioassay towards the interfering compounds.
Linearity and sensitivity
Linearity of any method is defined as its capability (within a given range) to give
results values directly proportional to analyte quantity (concentration) in their
sample. Linearity is generally reported as slope variance of the regression line.
To verify the proposed bioassay linearity, a calibration curve was established
using three concentrations. The linearity of the responses for JOS was determined
in the concentration range of 0.1–0.5 µg/mL by plotting the diameters of the
inhibition zones (mm) against the logarithm of the drug concentrations (µg/mL)
(Fig. 2). The analytical data for the calibration graphs were listed in Table 2.
Linear response of calibration graph was observed over the range of used
concentrations with a correlation coefficient (r) greater than 0.989. Limit of
quantification (LOQ) is the lowest value of analyte concentration which can be
estimated with satisfactory precision under the stated experimental conditions.

Accuracy estimation
Accuracy of any technique of analysis is defined as the closeness of agreement
between the accepted value either as a conventional true value or an accepted
reference value and the value found. Accuracy represents the total of systematic
(trueness) and random errors and consequently, expresses the inherent total error
of the result.

Table 3 Intra- day and inter-day precision of JOS in pharmaceutical samples, using the microbiological assay.
Claimed
Sample
Experimental amountb (mg)
% Level
conca.
1
2
3
4
5
6
Intra-assay
Josacin® tablet 500
490.85
503.07
498.79
502.34
498.89
497.98
99.73
Josacin®
125
122.94
124.08
124.65
123.48
124.55
123.16
99.05
suspension
Inter-assay
Josacin® tablet 500
492.58
485.09
497.31
498.42
488.74
493.17
98.51
Josacin®
125
124.73
121.13
123.09
121.35
122.21
124.44
98.26
suspension
a
mg/tablet for Josacin® tablet and mg/5mL for Josacin® suspension
b
Each value is the mean of eight analyses.
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% RSD

0.87
0.58
1.02
1.25
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Bioassay accuracy was evaluated by recovery studies of the drug. To the
formulations (analysed samples), the reference standard was added at three
levels, and subsequently assayed. Study of recovery was established three times.
Recovery percentage and mean recovery percentage were determined and
represented in Table 4.
Accuracy of the studied drug was evaluated as mean % recoveries (n=8) and the
found values were within 97.74-101.13%, which is satisfactory and indicates the
good accuracy of the bioassay.

Physicochemical techniques like HPLC and UV spectrophotometry, can be used
for quantitative determination of antibiotics with high precision, but they cannot
offer any accurate data about biological activity. Many attempts were carried out
to correlate the antibiotic analysis results obtained from these methods with those
from microbiological assay, but they have disappointed (Cazedey et al., 2013).
However, the microbiological tests have certain changeability, but the finding of
the present study confirmed that the developed microbiological assay will be
more practical for quantification of the considered macrolide in its
pharmaceutics, being an adequate substitute technique for routine control of
quality of JOS.
Bioassay finding shows that UV spectrophotometry and bioassay methods are
relatively inexpensive and simple compared to HPLC assay methods. They are
effective in the determination of the quality and quantity of the active substance
in JOS tablets. Based on the results obtained from these methods, it is very
important to combine various simple, precise and sensitive methods of analysis to
authenticate the quality of drug samples because of error and limitation of some
of the analytical methods. When a drug conforms to standards as stated in the
official monograph, it gives assurance of the quality and predicts therapeutic
efficacy as well as drug security. Hence, it is better to use more than one
analytical method in the determination of the quality of active drug in
pharmaceutical preparations.

Robustness study
Robustness of a technique is its aptitude to stay unaffected by any deliberate
changes in their parameters. Changing the experimental factors was realized to
supply a guarantee about its reliability using normal conditions. Hence, to test the
bioassay robustness, a number of conditions were changed from their central
point. The following conditions were assayed: inoculum concentration (2±0.2 %),
incubation temperature (35±2 °C) and volume (thickness) of inoculated layer
(5±0.5 mL), and the obtained data were shown in Table 5. According the
experimental values and by applying ANOVA, no significant influence was
noted on these results. The results varied within 98.9-100.9%, with % RSD
values less than 1 %, there by demonstrating that the proposed bioassay is robust
enough.

CONCLUSION
Table 4 Recovery results of JOS analysis in samples, by the proposed bioassay.
Sample
Amount of reference (µg)
% Recoverya
Added
Recovered
Josacin® tablet
0.01
0.00981
98.10
0.03
0.03034
101.13
0.05
0.04911
98.22
0.01
0.00979
97.90
Josacin®
0.03
0.02952
98.40
suspension
0.05
0.04887
97.74
a
For each value, n=8.

A new precise and reliable microbiological assay for estimation of JOS in tablets
and oral suspensions was described. The described technique was validated for
selectivity, linearity, accuracy, precision and robustness at a range of
concentrations varied from 0.1 to 0.5 µg/mL, and establishes to be precious to
analyze and detect JOS antibiotic in their pharmaceutical formulations. The
proposed method gave satisfactory results and proved that it is a good alternative
methodology as a complement or replacement for the actual physicochemical
techniques. The results indicate the possibility to quantify the investigated drug in
the presence of excipients. This assay uses no toxic reagents, with uncomplicated
preparation phase of sample, encouraging its use in routine applications. The
developed bioassay can be also applied for biomedical purposes.

HPLC, ×10ˉ¹µg/mL

Table 5 Experimental values of robustness assayed at 100% theoretical
concentration of JOS.
Potency found
Conditions
Investigated range
RSD (%)
(%)
1.8
98.9
Inoculum
concentration (%)
2.0
100.4
0.84
2.2
99.0
33
100.9
Incubation
temperature (°C)
35
100.3
0.86
37
99.2
4.5
99.1
Inoculated layer
(mL)
5.0
100.2
0.35
5.5
99.5

4
3,5
3
2,5
2
1,5
1
0,5
0

y = 1,0146x + 0,0185
R² = 0,9864

0
Comparison of different methods

1

2

3

4

Microbiological.Assay, ×10ˉ¹µg/mL

In this part, a comparative study was realized between the considered
microbiological assay and a reported HPLC and UV spectrophotometry method.
JOS tablets were assayed by the developed method, and then the potency
percentage was estimated as 99.67%. The percentage contents were found to be
100.34% and 101.01% by the HPLC and UV spectrophotometry methods,
respectively, which are equivalent (Table 6). Using both methods, results were
established within the acceptable limits of 95-105% and indicate a good
correlation between the studied techniques. However, determining the bioactivity
by means of microbiological method is an effectual procedure of estimating the
subtle change in macrolides and the other antibiotics. Furthermore,
microbiological assay is not more costly and is suitable for drug dynamics
studies.
JOS content in the pharmaceutical forms was determined by the HPLC and
microbiological assay, and the results indicate a good correlation (Fig. 3). The
linear curve equation was y=1.014x+0.018 (n=12; r 2=0.986). HPLC technique
using UV detection has a high specificity and repeatability. Nevertheless, crossreferencing the procedure with a studied microbiological assay makes a
possibility to provide more precise data.

Figure 3 Correlation between HPLC and microbiological assay corresponding to
JOS analyzed in tablets: y=1.014x+0.018; r2=0.986; n=12.
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