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ABSTRACT
Interest in searching and developing new antimicrobial agents to combat microbial
resistance has been growing recently. Therefore, a greater attention has been paid to both
screening and evaluation methods of antibiotics activity. The present study aimed to evaluate
the potency of some antibiotics containing pharmaceutical products of some Egyptian market
companies using microbiological assay based on agar diffusion method and using standard
strains in order to determine their therapeutic efficacy.
This antibiotics such as gentamicin, ciprofloxacin, doxycycline, amoxicillin and ceftriaxone
were purchased from local pharmacies and evaluated in the current study.

The results of this study showed the relative potency of gentamicin was 41.4%-120% and
28%-41% for ciprofloxacin. While for doxycycline relative potency was 26%-72.6% and
16%-88% for Amoxicillin. As well as ceftriaxone potency was ranged between 48%-97.4%.
One product of ceftriaxone, two products from gentamicin and two from amoxicillin were
estimated to be within the acceptable range of bioequivalence (80%-120%), while the other
products showed unacceptable relative potency. A complaint reporting system about quality
and effectiveness problems needs to be considered as a priority source of such information to
inform decision-makers.
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INTRODUCTION

Due to increasing microbial accurate as chemical methods. In addition
resistance problems to antimicrobial it is simple, specific, inexpensive and
agents, the quantification of the actual convenient method
concentration of active ingredient in (Bekele and Gebeyehu, 2012). Compared
antibiotic preparation is critical (Balouiri with biological assay methods using
et al., 2016). The potency of antibiotics animals,  microbiological  techniques
can be determined by chemical or possess the advantages of minimal
biological methods. These methods include requirements of space, materials and time
microbiological assays, automated (Kokare, 2016). Microbiological assay
chemical assays (e.g. high performance helps  estimate  active  constituents,
liquid chromatography; HPLC), biological activity and monitor the stability
immunological assays (e.g. fluorescence of antibiotics. Any small change in the
immunoassay) and radioimmunoassay antibiotic molecule, which may not be
(Dafale et al., 2014; Dafale et al., 2016). detected by chemical methods, will be

It is necessary to  assay revealed by a change in antimicrobial
antimicrobial agents for determination of activity ( Dafale et al., 2014).
potency of antimicrobial therapy (Pitkin Bacterial susceptibility to
and Martin-Mazuelos, 2007). antibiotics can be done by a number of
Microbiological assay may be defined as techniques, which include the disc or well
qualitative or quantitative determination of diffusion method, the broth dilution assay,
any chemical compound with the use of and the antimicrobial gradient method (E-
microorganisms  (Kameshwar, 2017). tests)  (Balouiri et al, 2016).
Microbiological assays are relatively as Quantification of antibiotic components by
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chemical methods, such as HPLC and UV
spectrophotometry,  although  precise,
cannot provide a true indication of
biological activity (Salgado et al., 2006).
Attempts to correlate antibiotic bioassay
results with those from chemical methods
have proved disappointing. Therefore,
bioassays continue to play an essential role
in quality control of antibiotic medicines
(Cazedey and Salgado, 2011)

The agar diffusion method depends
on antibiotic diffusion through a layer of
solidified agar, in an extension that totally
inhibits the growth of the microorganism
in a zone around a reservoir containing
antibiotic solution (Lourenco and Pinto,
2009). In this assay the inhibition zone size
and the dose of the substance assayed are
correlated. This is the most widely
employed method to determine the potency
of antibiotics. The microbiological assay of
an antibiotic is based upon a comparison of
the inhibition of growth of microorganisms
under standardized conditions by measured
concentrations of the antibiotics under
examination (Lourenco and Pinto, 2009).
The relationship between concentration
logarithm of the antibiotic and the diameter
of the zone of inhibition must be shown
approximately rectilinear for the system
used (Zuluaga et al., 2009).

Due to high cost of exported
antimicrobial drugs from multinational
companies, this study was designed to
determine the potency of some antibiotics
found in the Egyptian market either from
local or international companies.

Materials and methods:
Microbial strains:

Microbial strains were used in this
study such as Staphylococcus aureus ATCC
6538 and Pseudomonas aeruginosa ATCC
9027 were obtained from the Egyptian
Pharmaceutical Industries Company
(EPICO), Egypt. While Pseudomonas
aeruginosaPAO1 was obtained from Dr.
Mohammed Yuossef at Microbiology
Department, Mansoura University and
Micrococcus luteus ATCC 9341 was
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obtained from Prof. Dr. Tarek El-Banna,
Microbiology Department, Tanta
University.

Antimicrobial agents:

Different dosage forms that contain
the following antibiotics: gentamicin
(Gen), ciprofloxacin (Cip), doxycycline
(Dox), amoxicillin (Amx) and ceftriaxone
(CTX) were purchased from local
pharmacies and evaluated in the current
study (Table 1). Also authentic powders of
all tested antibiotics were obtained from
National Organization for Drug Control
and Research (NODCAR).

Staphylococcus aureus ATCC 6538
was used for assay of doxycycline,
amoxicillin and ceftriaxone (Mantio et al.,
2013). Pseudomonas aeruginosa ATCC
9027 was used for assay of gentamicin
(Eurofins Pharma Discovery Services,
2016). Pseudomonas aeruginosa PAO1
was used for assay of ciprofloxacin, while
Micrococcus luteus ATCC 9341 was used
for amoxicillin assay (The Antimicrobial
index Knowledgebase, TOKU-E).

Antibiotic assay method:

Antibiotic assay was performed by
agar-well diffusion method (according to
The International Pharmacopoeia-6™
Edition (2016). Petri dishes were filled to
a depth of 4 mm with a culture medium
(muller hinton agar) that has previously
been inoculated with a suitable inoculum
of a susceptible test organism (The final
inoculum size was adjusted to 5 X
10°cfu/ml attained a turbidity of 0.5
McFarland standard). A 1.0 ml of the
standard suspension of each test bacterial
strain was seeded evenly on molten
Mueller Hinton agar (Oxoid) of 48-50 °C
and poured into plate. During the filling
they should be placed on a flat surface so
as to ensure that the layer of the medium
will be of a uniform thickness. The plates
were allowed to dry at room temperature.
Subsequently, 10-mm diameter wells were
bored in the agar and a 100 pl volume of
different concentrations of antibiotics were
transferred into the wells. Plates were
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incubated at 37°C for 24 h. Inhibition zone
diameter (I1ZD) was measured to the
nearest millimeter (mm). The arrangement
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on the plate were such that overlapping of
zones is avoided.

Table 1: Antibiotic containing pharmaceutical products evaluated in this study

Antibiotic product code Dosage form Concentration (mg)
Gentamicin Genl Ampoules 80mg/2mi
Gen2 Ampoules 80mg/2mi
Gen3 Ampoules 40mg/ml
Gen4 Ampoules 80mg/2mi
Ciprofloxacin Cip1l Tablets 250mg
Cip 2 Tablets 500mg
Cip 3 Tablets 500mg
Cip4 Tablets 500 mg
Cip5 Tablets 250 mg
Doxycycline Dox 1 Capsule 100 mg
Dox 2 Capsule 100 mg
Dox 3 Capsule 100 mg
Dox 4 Capsule 100 mg
Amoxycillin Amx 1 Capsule 500 mg
Amx 2 Capsule 500 mg
Amx 3 Capsule 500 mg
Amx 4 Vial 500 mg
Amx 5 Capsule 500 mg
Amx 6 Capsule 500 mg
Ceftriaxone CTX1 Vial 500 mg
CTX?2 Vial 500 mg
CTX3 Vial 500 mg
CTX4 Vial 500 mg
CTX5 Vial 500 mg
CTX6 Vial 500 mg
CTX7 Vial 1gm

Solutions of the authentic antibiotics of
known concentration and corresponding
dilutions of the tested antibiotics were
prepared in a sterile distilled water for
soluble antibiotics or dimethyl sulfoxide
(DMSO) (Sigma aldrish) for un-soluble
antibiotics. To assess the assay validity, at
least 3 different doses of the reference
material were used together with an equal
number of doses of the test substance
having the same presumed activity as the
solutions of the reference material. The
dose levels used should be in geometric
progression, for example, by preparing a
series of dilutions in two folds.

The potency of different antibiotics
was calculated according to the British

Pharmacopea formulae (BP, 2011) as

follow:

I= (log ratio of doses) =log 2 = 0.301
E= (effect due to dose) = 1/4 (S1 -S3 +

T1-T3)

F= (effect due to test) = 1/3 (T1-S1 +
T2-S2 +T3-S3)
b (slope)=E/l =E/0.301

M =F/b

Potency ratio T/S = antilog of M

Results and Discussion

Correlation between concentration of

antibiotics and inhibition zone diameter
The diameter of inhibition zones of

test antibiotics using standard bacterial
strains were measured. All cases exhibited
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the
and

between
antibiotic

a linear relationship
concentration of the
inhibition zone diameter.
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The potency was calculated according to
British Pharmacopeia (BP) formulae and
results are shown in Table 2.

Table (2): Potency of different antibiotics from different companies relative to their

authentic reference

Product Dosage Labeled Calculated Real conc. Reference
code form conc. potency organism
Genl Ampoules  40mg/ml 115% 46mg/ml Pseudomonas
Gen2 Ampoules  40mg/ml 49.5% 19.8 mg/ml aeruginosa
Gen3 Ampoules  40mg/ml 120% 48 mg/ml ATCC 9027
Gen4 Ampoules  40mg/ml 41.4% 16.5 mg/ml
Cip1l Tablets 250mg 28% 70 mg Pseudomonas
Cip 2 Tablets 500mg 39% 195 mg aeruginosa PAO1
Cip 3 Tablets 500mg 25% 125 mg
Cip4 Tablets 500mg 26% 130 mg
Cip5 Tablets 250mg 41% 102.5 mg
Dox 1 Capsule 100mg 26% 26 mg Staphylococcus
Dox 2 Capsule 100mg 72.6% 72.6 mg aureus ATCC
Dox 3 Capsule 100mg 271% 27 mg 6538
Dox 4 Capsule 100mg 70% 70 mg
Amx 1 Capsule 500mg 68% 340 mg
Amx 2 Capsule 500mg 70% 350 mg Staphylococcus
Amx 3 Capsule 500mg 83% 415 mg aureus ATCC
Amx4 Vial 500mg 100% 500 mg 6538
Amx 5 Capsule 500mg 70% 350 mg
Amx 6 Capsule 500mg 16% 80 mg
Amx 1 Capsule 500mg 44.3% 221.5mg
Amx 2 Capsule 500mg 56% 280 mg Micrococcus
Amx 3 Capsule 500mg 66 % 330 mg luteus ATCC
Amx4 Vial 500mg 88% 440 mg 9341
Amx 5 Capsule 500mg 56% 280 mg
Amx 6 Capsule 500mg 15.8% 79 mg
CTX1 Vial 500mg 48% 240 mg
CTX2 Vial 500 mg 65% 325 mg Staphylococcus
CTX3 Vial 500mg 97.4% 487 mg aureus ATCC
CTX 4 Vial 500mg 74.6% 373 mg 6538
CTX5 Vial 500mg 63.6% 318 mg
CTX6 Vial 500mg 96% 480 mg
CTX7 Vial 1gm 49.7% 497 mg

Percentage of  potency  for For ciprofloxacin, potency was

gentamicin were 115% , 49.5%, 120% and
41.4% for Gen 1, 2, 3, 4 respectively.The
results obtained in this study are consistent
with the reservations about gentamicin
products reported in quality monitoring
surveys which is almost 103.50% (Kumar
and Ramya, 2012) for Gen 1 and Gen3
but disagree with Gen 2 and Gen 4.

o)

recorded as 28%, 39%, 25%, 26% and
41% for Cipl, Cip2, Cip 3 and Cip 4,
respectively. Our results were lower than
that reported by Cazedey and Salgado
(2011) with orbifloxacin where the
activity ranged from 99.18 - 101.84% .
The results of this study revealed that the
equivalence and potency of generic
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products of doxycycline capsules were
26%, 72.6%, 27% and 70% of the labelled
activity for Dox 1, Dox 2, Dox 3 and Dox
4, respectively.

In this study , the obtained result
revealed that the potency of ceftriaxone in
the tested product were 48% ,65% ,97.4%
,74.6% ,63.6 % ,96% and 49.7% for CTX
1,2, 3,4,5, 6 and 7 , respectively. The
result agreed with that reported by (Idries
and lbrahim , 2014) that potency was
98.6% for CTX 3, CTX 6 while it was
higher than that reported for CTX 1, 2, 4,
5 and 7 the tested products were not
equivalent to the authentic reference
product under testing.

Although antibiotics are used to
treat various diseases, nowadays they are
becoming a major problem in health sector
as microbial resistance against these drugs
has been emerged. Among the reasons for
microbial resistance are, insufficient
access to effectual drugs and sometimes
drugs of doubtful quality and overall
poverty may play role in the development
of antimicrobial resistance (Modak et al.,
2013).

The equivalency of pharmaceutical
products is an essential and basic criterion
for proving the quality of any product
(Bajaj et al., 2012). In general, there are
different methods that can be used to
evaluate the drugs potency; including the
in vitro bioassays (Pegler, 2010). A3 x 3
microbiological assay was proposed for
determining the  concentrations in
pharmaceutical dosage forms according to
British pharmacopeia.

Our results show that the potency of
Amoxicillin capsules generic products on
Staphylococcus aureus ATCC 6538 were
68%, 70%, 83%, 100%, 70% and 16% for
Amx 1, 2, 3, 4, 5, 6 respectively. While,
the amount of ampicillin calculated was
within the range between 90 and 115%,
recommended by the Brazilian and United
States  pharmacopeias  (Totoli  and
Salgado, 2013) agree with Amx 3 and
Amx 4 only

oy
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In this study, Amoxicillin capsules also
assayed by using Micrococcus luteus
ATCC 9341. The obtained data exhibited
that the potency of amoxicillin were
44.3%, 56%, 66%, 88%, 56%, 15.8% for
Amox 1, 2, 3, 4, 5 and 6, respectively.
These data indicate the sensitivity of
Micrococcus luteus ATCC9341 as a
reference organism.

Accordingly, it is not anticipated to show
a similar therapeutic profile and
effectiveness. Considering the critical
importance of anti-microbial agents to
public health, it has now become essential
to investigate the assumption about the
differences in therapeutic equivalency
between the products available on the
market (Idries and Ibrahim, 2014).

Our study indicates that using a
well-designed microbiological bioassay
should  help  medicines  regularity
authorities to perform such re-evaluations
to check the quality of different products.
In general, this study also highlighted the
importance of expanding post-marketing
surveillance systems to check both the
quality and efficacy of antibiotics using
microbiological assays, bioassays,
bioequivalence studies and dissolution test
as routine tests.

In conclusion, this simple method of
analysis is very important for any
regulatory authority to be considered a
routine process. The microbiological
method provides a good tool for accurate
determination of the potency of
antibiotics. In addition, a complaint
reporting system about quality problems
needs to be considered as a priority source
of such information to inform the decision
makers.
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