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Abstract- Flucloxacillin sodium (FLU) is a semi-synthetic penicillin active against many gram-positive bacteria such as streptococci and
penicilinase-producing staphylococci, including methicillin-susceptible S. aureus. This study describes the development and validation of a
microbiological assay, applying the diffusion agar method for the determination of FLU, as well as the evaluation of the ability of the method
in determining the stability of FLU in capsules against acidic and basic hydrolysis, photolytic and oxidative degradations, using S. aureus
ATCC 25923 as micro-organism test and 3 x 3 parallel line assay design (three doses of the standard and three doses of the sample in each
plate), with six plates for each assay, according to the Brazilian Pharmacopoeia. The validation method showed good results including line-
arity, precision, accuracy, robustness and selectivity. The assay is based on the inhibitory effect of FLU using Staphylococcus aureus ATCC
25923. The results of the assay were treated by analysis of variance (ANOVA) and were found to be linear (r = 0.9997) in the range from 1.5
to 6.0 pg/mL, precise (repeatability: R.S.D. = 1.63 and intermediate precision: R.S.D. = 1.64) and accurate (98.96%). FLU solution (from the
capsules) exposed to direct UVC light (254 nm), alkaline and acid hydrolysis and hydrogen peroxide causing oxidation were used to evalu-
ate the specificity of the bioassay. Comparison of bioassay and liquid chromatography by ANOVA showed no difference between methodol-
ogies. The results demonstrated the validity of the proposed bioassay, which is a simple and useful alternative methodology for FLU deter-
mination in routine quality control.
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Introduction

Flucloxacillin (FLU) is a semi-synthetic and penicillinase-stable
isoxazolyl penicillin active against many Gram-positive bacteria
such as hemolytic streptococci and penicillinase-producing staph-
ylococci, including methicillin-susceptible S. aureus (MSSA), but
not active against methicillin-resistant S. aureus. It acts by the
inhibition of transpeptidation, thus leading to the formation of a
weakened peptidoglycan. As autolysins continue to act, the cell
walls of Gram-positive organisms become progressively weaker,
and osmotic lysis takes place [1,2]. FLU is chemically known as
sodium (2S,5R,6R)-6-[[[3-(chloro-6-fluorophenyl)-5-methylisoxazol
-4-yl]carbonyl]amino]-3,3-dimethyl-7-0x0-4-thia-1-azabicyclo
[3.2.0]hepatane - 2 carboxylate monohydrate [3-5]. FLU is used
for the treatment of skin, soft tissue and respiratory tract infections

as well as endocarditis and osteomyelitis caused by methicillin-
susceptible S. aureus [2]. The chemical structure of FLU sodium
is presented in (Fig. 1).

CO,Na
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Fig. 1- Chemical structure of flucloxacillin sodium (CAS 1847-24-
1).
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This antibiotic is officially recognized in the Portuguese, European
and British pharmacopoeias [3-5], and they provide the liquid chro-
matography with UV spectrophotometric detection as the assay for
flucloxacillin sodium in bulk. Moreover, the British pharmacopoeia
[4] describes the same method to assay flucloxacillin sodium in
the pharmaceutical form of capsules. The literature describes
several methods to analyze FLU in different pharmaceutical dos-
age forms, including visible spectrophotometric [6-13], UV spectro-
photometric [14] and HPLC methods [15-16]. The literature also
reports methods to analyze FLU and its degradation products by
HPLC [17] or RMN methods [18] and microbiological assay for
biological fluids [19-23]. However, a microbiological assay to de-
termine FLU in capsules has not been reported yet. Moreover, it
allows the potency of FLU to be assessed, which is very important
for the analysis of antibiotics.

The development of alternative analytical methodologies, such as
a simple, operationally inexpensive microbiological assay using
agar diffusion for antibiotics, represents a great advantage for
quality control laboratories not equipped with specialized and so-
phisticated instruments. However, the low cost and simple proce-
dures of bioassays have allowed them to become an alternative
methodology for drug potency assessment in pharmaceutical for-
mulations [24-25]. This assay can reveal subtle changes not de-
monstrable by conventional chemical methods such as biological
activity. Biossay is an ecological technique because it is not pro-
duces residue or solvent. Also sometimes, microbiological assay
might be a technique as sensitive as the chromatographic method,
but has no need to use organic solvents for their implementation
[25-29].

The aim of this study was to develop and validate a simple, sensi-
tive, precise, accurate and stability-indicative microbiological as-
say by agar diffusion to quantify FLU in capsules as an alternative
to the physicochemical method described in the literature. Moreo-
ver, a high performance liquid chromatographic (HPLC) method,
developed and validated previously for our study group, was cho-
sen as a comparison method to determine FLU in degraded sam-
ples.

Materials and Methods

Chemicals and reagents

Flucloxacillin sodium reference substance (assigned purity 90.0%)
was supplied by Glaxo Smith Klane® (England). Flucloxacillin sodi-
um capsules (Floxapen®, Actavis Group®, Switzerland) claimed to
contain 500.0 mg of the active component were purchased in
Switzerland. The placebo was prepared in the laboratory using
amounts of pharmaceutical grade excipient: magnesium stearate.
The qualitative composition of placebo was the same as claimed
in Floxapen® 500 mg. Ultrapure water was obtained from a Milli-
Q® Plus apparatus (Millipore®, USA) and it was used to prepare all
solutions for the bioassay and HPLC methods. All chemical used
were of analytical grade and all solvents were of HPLC grade.
Methanol was purchased from J.T. Backer® (Mexico), phosphoric
acid was obtained from Berzog® (Germany), dibasic potassium
phosphate, monobasic potassium phosphate were purchased
from Vetec® (Brazil), sodium hydroxide was obtained from Synth®
(Brazil) and hydrochloric acid was obtained from Synth® (Brazil).
Antibiotic medium number 1 agar was obtained from Difco® (USA),
typic soy agar was purchase from Acumedia® (USA) and Brain

Hearth Infusion (BHI) broth was purchase from Acumedia® (USA).
Magnesium stearate pharmaceutical grade was acquired from
Audaz Farmacopeia Fina® (Brazil).

Apparatus

Photodegradation studies were carried out in a photostability UV
chamber with mirrors equipped with a UVC lamp (254 nm), and
UV cuvettes were employed as containers for the samples. A digi-
tal caliper (Mitutoyo®, Japan) was utilized to measure the diame-
ters in the zone of growth inhibition (mm). For pH measurement, a
digital pHmeter (Micronal®474, Brazil) was used.

An LC system consisting of Waters®, model 1525 (Waters Chro-
matography systems, CA, USA) was connected to a UV/Visible
Waters 2487 and an injector fitted Rheodyne Breeze 7725i with a
20 L loop. The chromatographic separation was carried out un-
der isocratic reversed-phase conditions on an Agilent Zorbax®
C18 column, 5 pm, 4.6 x 250 mm (Agilent®, Santa Clara, CA,
USA). The mobile-phase consisted of methanol and 0.025 M
phosphoric acid adjusted to pH 5.5 (60:40; v/v). The analyses
were done at a flow-rate of 1.0 mL min-', using a UV-VIS detector
at 225 nm and at room temperature.

Preparation of standard solutions

An accurately weight amount of powder equivalent to 10 mg of
FLU reference standard was transferred to 100 mL volumetric
flask and ultrapure water was added to fill up the volume, obtain-
ing a solution at concentration of 100 pug mL-". Aliquots of this
solution were diluted in potassium phosphate buffer solution pH
6.0 to obtain the concentrations of 1.5; 3.0 and 6.0 pug mL-* (S1,
S2 and S3, respectively), which were used in the bioassay.

Preparation of sample solutions

Twenty capsules were weighed and the powder was mixed. An
amount of powder equivalent to 10 mg of flucloxacillin sodium was
transferred to a 100 mL volumetric flask and ultrapure water was
added to fill up the volume, obtaining a solution at concentration of
100 pg mL-'. Aliquots of this solution were diluted in potassium
phosphate buffer solution pH 6.0 to obtain the concentrations of
1.5; 3.0 and 6.0 yg mL-* (T1, T2 and T3 respectively), which were
tested against S1, S2 and S3.

Microorganism and inoculums

The strain of Staphylococcus aureus ATCC 25923 were cultivated
and maintained on tryptic soy agar medium in the freezer and
pealed to BHI broth (24h before the assay) that was kept at 35 + 2
°C. The microorganism standardization was made according to the
procedure described in the Brazilian and The United States Phar-
macopoeias [30-31]. The bacteria, previously incubated in BHI
broth, were diluted with BHI broth to achieve a suspension turbidi-
ty of 25 + 2% (transmittance) using a spectrophotometer
(Beckman, DU® 530) with the wavelength at 580 nm and a 10 mm
absorption cell, against BHI broth as blank. Aliquots of 1.0 mL of
this standardized suspension were added to each 100 mL of anti-
biotic medium number 1 agar at 47 + 1 °C and it was used as the
inoculated layer in the plate.

Agar diffusion bioassay
The bioassay describe followed the 3 x 3 parallel line assay de-

International Journal of Microbiology Research
ISSN: 0975-5276 & E-ISSN:0975-9174, Volume 4, Issue 4, 2012

Bioinfo Publications

218



Flavia A.M. Fiorentino and Hérida R.N. Salgado

sign (three doses of the standard and three doses of the sample in
each plate), with six plates for each assay, according to the Brazil-
ian Pharmacopoeia [30]. The agar was composed of two separate
layers (a base layer and another layer containing the inoculum).
The antibiotic medium number 1 agar (20 mL) was poured into a
100 mm x 20 mm Petri dish as a base layer. After the solidifica-
tion, portion of 5 mL of inoculated antibiotic medium number 1
agar was poured onto the base layer. In each plate, a template
was placed on the surface of the inoculated medium. Three alter-
nated holes were filled with 200 uL of the reference solution (S1,
S2 and S3), and the other three holes were filled with the sample
solutions (T1, T2 and T3). Six plates were used to each assay.
The plates were incubated at 35 + 1 °C aerobically for 18 hours.
The zone diameters (mm) of the growth inhibition were carefully
measured using a digital caliper. All experiments were performed
in a biological safety cabinet and the infected material was decon-
taminated before being discarded and all safety procedures
(wearing masks, gloves and cap) were adopted.

Method validation

The method was validated by determination of the following oper-
ational characters: linearity, precision, accuracy and robustness
[24-29, 31-34].

Linearity- in order to assess the validity of the assay, three doses
of the reference substance were used. The linearity was evaluated
by linear regression analysis, which was calculated by the least
squares method.

Precision- the precision of the method was determined by repeat-
ability and intermediate precision and was expressed as the rela-
tive standard deviation (RSD). Repeatability (intra-assay) was
examined by assaying samples of capsules, at the same concen-
tration within 1 day and under the same experimental conditions.
The intermediate precision was evaluated by comparing the as-
says on 3 different days (inter-assay).

Accuracy- the accuracy was determined by adding known
amounts of FLU reference substance to the sample solutions.
Accurately weighed amount of capsules equivalent of 10 mg FLU
was transferred to a 100 mL volumetric flask and dissolved in
ultrapure water (100 pg mL-1). Aliquots of 200 uL were transferred
to 3 volumetric flasks, obtaining R1, R2 and R3, respectively.
Aliquots of 40, 100 and 160 L of reference standard solution at
concentration 100 ug mL-1, were transferred to R1, R2 and R3,
respectively. The volume was filled up with potassium phosphate
buffer solution pH 6.0, obtaining final concentrations of 2.4, 3.0
and 3.6 ug mL-' that correspond to 80, 100 and 120% of the medi-
um concentration. The percentage recovery of FLU reference
substance added was calculated using the formula proposed by
the AOAC [33].

Specificity- the ability of the proposed method to determine FLU
in the presence of degradation products was assessed by com-
paring the results obtained from the degraded samples analyzed
by bioassay and by HPLC method (developed and validated in the
previous studies). Under all conditions, the sample solutions were
assayed and compared to freshly prepared FLU reference sub-
stance solutions at the same theoretical concentrations. Specificity
was also checked using the excipient of the formulation to deter-
mine whether this substance could interfere with the assay. The
preparations of the degraded FLU and excipient solutions were
the following.

e Acid hydrolysis: the sample solutions were prepared and
maintained in 0.001 M HCI for 4 h and stored at room temper-
ature. After that, aliquots of these solutions (100 pg mL)
were removed, neutralized with 0.01 M NaOH and diluted in
potassium phosphate buffer solution pH 6.0 to achieve theo-
retical concentrations of 1.5, 3.0 and 6.0 pug mL-".

e Basic hydrolysis: the sample solutions were prepared and
maintained in 0.001 M NaOH for 3 h and stored at room tem-
perature. After that, aliquots of these solutions (100 pg mL-1)
were removed, neutralized with 0.01 M HCI and diluted in
potassium phosphate buffer solution pH 6.0 to achieve theo-
retical concentrations of 1.5, 3.0 and 6.0 pug mL-".

e Oxidative degradation: the sample solutions were prepared
and maintained in a 1% H20, solution and stored at room
temperature for 30 minutes. After that, aliquots of these solu-
tions (100 pg mL-") were removed and diluted in potassium
phosphate buffer solution pH 6.0 to achieve theoretical con-
centrations of 1.5, 3.0 and 6.0 ug mL-1.

e Photodegradation: aqueous sample solution (100 pg mL-)
was exposed to UVC lamp (254 nm) for 1h. The stress degra-
dation study was performed exposing the solution in quartz
cell in the photodegradation chamber, where the sample was
positioned horizontally to provide maximum area of exposure
to the light source. After that, this solution were removed and
diluted in potassium phosphate buffer solution pH 6.0 to
achieve theoretical concentrations of 1.5, 3.0 and 6.0 g mL-".

o Excipients: the amount of formulation excipient containded in
10 mg FLU capsules was accurately weighed and dissolved in
a 100 mL volumetric flask with ultrapure water. The same
aliquots used to prepare the sample solutions were withdrawn
and diluted in potassium phosphate buffer solution pH 6.0.

Robustness- the robustness of the method was determined by
analyzing the same ample under a variety of conditions. The con-
sidered factors were incubation time and volume of the inoculated
layer (thickness). The variation of the mean diameter of the inhibi-
tion zones between the different assays was statistically analyzed
by Student t test.

Calculation

To calculate the activity of FLU, the Hewitt equation was used
[35]. The assays were calculated statistically by the linear parallel
model and regression analysis and verified using analysis of vari-
ance (ANOVA).

HPLC method

An LC system consisting of Waters®, model 1525 (Waters® Chro-
matography system, CA, USA) was connected to a UV/Visible
Waters® 2487 and an injector fitted Rheodyne Breeze® 7725i with
a 20 pL loop. The chromatographic separation was carried out
under isocratic reversed-phase conditions on a Agilent Zorbax®
C18 column, 5 pm, 250 mm x 4.6 mm (Agilent®). The mobile
phase consisted of methanol and phosphoric acid 0.025 M adjust-
ed to pH 5.5 (60:40; v/v). The run at a flow-rate of 1.0 mL min-,
using a UV-VIS detector at 225 nm and the run time was 4.4 min.
The temperature was set at room temperature.

Comparison of methods
The results obtained in this study were compared with those by a
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high-performance liquid chromatography (HPLC) method de-
scribed previously. The methods were statistically

analyzed using the analysis of variance (ANOVA), which indicates
whether there is a significant difference between these methods at
a 5% significance level.

Results

Method validation

Linearity- the results of growth inhibition zone diameter of FLU
reference substance are shown in Table 1. The results of growth
inhibition zone diameter of FLU reference substance are shown in
Fig. 2. The calibration curve for FLU (Fig. 3) was constructed by
plotting zone diameter (mm) versus log of concentration (ug mL-")
and showed good linearity between 1.5 and 6.0 ug mL-' range.
The representative linear equation for FLU was y = 5.668Ln(x) +
19.486, where x is log dose and y is zone diameter. The correla-
tion coefficient (r = 0.9997) was highly significant for the method
and there were no deviations from parallelism and linearity with
the obtained results (P < 0.05).

Table 1- Diameters of growth inhibition zone for flucloxacillin sodi-
um reference substance solution obtained for standard curve

Mean diameters of  RSD%
growth inhibition

Concentration, Range of

zone size,

mm zones?, mm
1.5 2156-21.83 2174
3.0 2545-26.04 2581
6.0 29.20-29.79  29.59

a Each value is the mean of six plates.

1

TS & S T3

*

S3

T2

Fig. 2- Agar diffusion assay using a strain of S. aureus ATCC
25923 as the test microorganism. Flucloxacillin sodium reference
solution is at concentrations of 1.5 (S1), 3.0 (S2) and 6.0 pg/mL
(83) and flucloxacillin sodium sample at concentrations of 1.5
(T1), 3.0 (T2) and 6.0 pg/mL (T3).

30
26 /

20 A

10 v = 5.668Ln(x) + 19.48
r=0.9997

mn

=]

Mean diameter of inhibition zone (mm)

Log-dose 10

Fig. 3- FLU calibration curve obtained by the microbiological as-
say

Precision- the method precision in terms of repeatability (intra-
assay) was evaluated by the determination of sample in the same
day, at the same concentration and under the same experimental
conditions. The results obtained showed RSD values lower than
1.63%. Intermediate precision was determinate by analyzing the
same sample on three different days (inter-assay) and showed
RSD lower than 1.65%. The lower RSD values achieved confirm
that the proposed method has capacity to generate, for the same
sample, reproducible results with low response variation between
independent assays. The experimental values obtained for the
FLU determined in capsules are presented in Table 2.

Table 2- Inter-assay precision data for the bioassay of flucloxacil-
lin sodium in pharmaceutical formulation

Samplein  Day Experimental Potency  Medium RSD(%)
capsules amount 2 founda potency inter-day
(mg) (mg) () (%)

1 468.1 93.62
500 2 464.55 92.91 94.32 1.65

3 482.45 96.42

a Each value is the mean of six plates.

Accuracy- the accuracy of the method was evaluated by determi-
nation of analyte in solutions prepared via the standard addition
method. The recovery rates were 99.75, 98.12, 99.00, the mean
accuracy was 98.98% and RSD was 0.82%, which confirms the
ability of the method to determine with accuracy the FLU concen-
tration within the range of 80-120%, and shows that the results
obtained from the bioassay were close to the true concentration
values of the samples.

Specificity- the same degradation conditions used to validate the

stability-indicating HPLC method, previously validated in our la-

boratory, were employed in the microbiological assay.

o Degradation under acidic conditions (0.001 M HClI for 4 h): the
FLU sample solution demonstrated to be unstable by HPLC
method and microbiological assay. Under HPLC conditions,
the drug concentration decrease about 7.24%. Such instability
was also detected during the microbiological assay, when the
drug activity decreased about 9.25% in 0.001 M HCl for 4 h.

o Degradation under basic conditions (0.001 M NaOH for 3 h):
the FLU sample solution demonstrated to be unstable by
HPLC method and microbiological assay. Under HPLC condi-
tions, the drug concentration decrease about 42.94% and by
microbiological assay, the drug concentration decrease about
32.06%.

o The oxidative stress conditions: could not be evaluated due to
the bactericide activity of the 1% hydrogen peroxide solution
used as the oxidative agent.

o Under photolytic conditions (UVC radiation): the drug concen-
tration decreased about 13.47% by microbiological assay and,
the drug concentration decreased about 2.0% by HPLC meth-
od.

o During the specificity analysis using the formulation excipient:
no inhibition zone was formed under the study conditions,
revealing the absence of interference from this substance.

Robustness- in order to assess the robustness, some parame-

ters were modified from the normal conditions: incubation time (17

and 19 h) and volume of inoculated layer (4.5 and 5.5 mL). The
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quantification of FLU in capsules using the bioassay method can
be considered robust because the factor under study did not have
a significant effect on the determination of the potency, except the
bigger volume of inoculated layer (5.5 mL) (Table 3).

Table 3- Conditions investigated in the robustness test

Condition Parameter  tca

Incubation time 17h 2.13 2.23
19h 2.00 2.23

volume of inoculated layer 45mL 0.82 14.5
5.5 mL 2.23 2.23

Comparison of the methods

The results obtained in this study were comparable with those
obtained by HPLC (Table 4). For the microbiological assay meth-
od, the mean potency found was 94.32% + 1.98% and for HPLC
method, 94.02% £ 1.11%. These results were statistically ana-
lyzed using analysis of variance and indicated that there was no
significant differences between the methods at a = 0.05 (Feaiculated
0.06 < Fieoretical 7.70). Therefore, the methods developed and
validated provided similar results for FLU quantitation in capsules.
Moreover, potency results were within the pharmacopeial limits of
92.5 - 110.0% for FLU in capsules [4].

Table 4- Assay results of flucloxacillin sodium by 2 different meth-
ods

Liquid Mean  Microbiological Mean
chromatography (%)2 (%) (%) (%)
1 92.81 93.62
2 94.72 9402 9291 94.32
3 94.53 96.42

aMeans of three replicates

Discussion

Biological methods are advantageous because the measured
parameter and the therapeutic properties of the drug are the
same. Therefore, microbiological or biological assays remain, in
general, the standard for dispelling doubts about the potential loss
of activity [24, 36].

The development and validation of analytical methods for the
potency determination has received considerable attention recent-
ly, mainly from regulatory agencies, because of their importance
in pharmaceutical analysis [25, 26, 28, 29, 33]. For this reason, a
microbiological assay was proposed as a suitable method for the
determination of FLU in capsules.

The potency of an antibiotic may be demonstrated under suitable
conditions by comparing the growth inhibition of sensitive microor-
ganisms produced by known concentrations of the antibiotic to be
studied and a reference standard [5, 30, 31]. In this experimental
work a 3 x 3 design, using three levels for each standard and
sample solutions were used following the procedure described in
the Brazilian Pharmacopoeia [30]. The calculation procedure nor-
mally assumes a direct relationship between the observed diame-
ter of the inhibition zone and the logarithm of the applied dose.
The experimental conditions were adjusted to accurately deter-
mine the performance of the assay. Some parameters were tested
earlier to stablish the conditions described. The microorganism
tested were Staphylococcus epidermidis ATCC 12228 AL 2150,

Staphylococcus aureus ATCC 25923 and Micrococcus luteus
ATCC 9341 IAL 636. The strain of Staphylococcus aureus ATCC
25923 was found to be an appropriate test microorganism be-
cause of its sensitivity to FLU and its capacity to form sharply
defined inhibition growth zones, allowing measurements with pre-
cision. Ultrapure water, potassium phosphate buffer solution pH
6.0 and 8.0 were tested as solvent for the solution, and the best
results were obtained with potassium phosphate buffer solution
pH 6.0. Antibiotic medium 1 and 11 agar were tested and the best
results were obtained with Antibiotic medium 1.

Antibiotic assays must be designed in such a way that they allow
the mathematical model's validity to be examined based on a
potency equation. According to the European, Brazilian and The
United States Pharmacopoeias [4, 30, 31], if a parallel-line model
is chosen, the two log dose-response lines of the preparations to
be examined as well as the reference preparation must be parallel
and they must be linear over the range of doses used in the calcu-
lation. These conditions must be verified by validity tests for a
given probability, usually P = 0.05. The assays were validated by
means of the analysis of variance, as described in these official
codes. There were no deviations from parallelism and linearity
with the obtained results (P < 0.05).

Considering all the stress conditions used to develop and validate
both methods, it is possible to conclude that the drug is unstable
under photolytic, acid and alkaline conditions. Also, the results
suggest that the degradation products formed did not show activi-
ty against S. aureus, demonstrating that the microbiological assay
was specific to determine FLU in capsules.

The quantification of antibiotic components by chemical methods
such as HPLC and UV spectrophotometry, although precise, can-
not provide a true indication of biological activity. Attempts to cor-
relate antibiotic bioassay results with those from chemical meth-
ods have proved disappointing. Therefore, bioassays continue to
play an essential role in manufacturing and quality control of anti-
biotic medicines, and still demand considerable skill and expertise
to assure success [24, 25, 27, 29]. Although the biological assays
can have a high variability, the analysis of the obtained results
demonstrated that the proposed method might be very useful for
determination of FLU in capsules.

This work is the first reported validated bioassay for quantification
of flucloxacillin and it showed that the procedure might be suc-
cessfully implemented into routine quality control testing as a
good alternative methodology for pharmaceutical analysis of FLU
in capsules.

Conclusions

This method is successfully validated and can be adopted to show
stability of compounding pharmaceutical capsules containing flu-
cloxacillin sodium.

The results indicated that the microbiological assay demonstrated
good linearity, precision, accuracy, robustness and stability-
indicating at concentrations ranging from 1.5 to 6.0 g mL-, there-
fore, being acceptable alternative method for the routine quality
control of FLU in capsules. Moreover, there is no statistically dif-
ference between the microbiological assay and HPLC method
(developed and validated in a previous study) for drug quantifica-
tion, therefore, these might be interchangeable. The bioassay
method uses simple reagents, with minimum sample preparation
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procedures, generation of residues and it is less expensive than
HPLC method, encouraging its application in routine analysis.
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