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Abstract: Microbiological bioassay, utilizing sensitive microbial indicator, commonly applied in quality
control to determine the potency of antimicrobial agents. This method depends on the biological inhibitory
activity of the tested antimicrobial agent on the growth of suitable microbial indicator in comparison to reference
standard. The current study aimed to follow up the potency of three of the most prescribed antimicrobial agents
namely, amikacin, ceftriaxone, and ciprofloxacin, in various commercial pharmaceutical preparations. The 5 X
1 microbiological bioassay in presence of Staphylococcus aureus ATCC 6538P strain, as a sensitive indicator,
was used to evaluate the potency of the tested antimicrobial agents. It was observed that the products
decomposition rates varied throughout test intervals; however, the potency of all products remained within the
range established by the US Pharmacopeia (USP) by the end of the study. In conclusion, microbiological
bioassay using Staphylococcus aureus ATCC 6538P standard strain is appropriate for the assessment of
amikacin, ceftriaxone, and ciprofloxacin, in different commercial antimicrobial products, and can be routinely
applied in their quality control.
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1. INTRODUCTION

Ciprofloxacin is the most clinically and

economically successful fluoroquinolones derivative
that represents one of the most widely used
antimicrobial agents in treating the infection of
urinary, respiratory, and gastrointestinal tracts .
Similarly, amikacin is one of the popularly
prescribed antimicrobial agents. It is effective against
wide range of severe microbial diseases especially
Gram-negative bacterial infections?.
As well, ceftriaxone is a 3 generation cephalosporin
effective in treatment of wide range of Gram—
positive and Gram-negative bacterial infections.
Compared with 1% or 2" generations, it has been
widely used due to its only once—daily administration
and better stability against traditional penicillinase
enzyme 2,

The minor variation of these antimicrobial agents
concentration in their pharmaceutical preparations
may affect the genuine efficacy. Accordingly,
accurate potency evaluation of the active constituent
in these preparations is critical for their activity and
particularly essential for quality assurance and
quality control 4,

Quantification of active pharmaceutical ingredients
is carried out using either physicochemical or
microbiological assay °. Unfortunately, the attractive
and convenient modern physicochemical automated
methods are unable to truly estimate the
antimicrobial activity in case of antimicrobial
combination ®. Not only that, but when assessing the
stability of antimicrobial drugs, these techniques are
incapable of picking up the subtle changes that are
linked to a decline in efficacy 7.
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On the other hand, no highly toxic solvents or
particular apparatus are required in microbiological
assays &,

Accordingly, microbiological bioassay is
commonly used in quality control, industrial,
clinical, and research activities °. In this method, the
potency of the antimicrobial agents is determined
depending on their biological inhibitory effect on the
growth of a sensitive microbial indicator in
comparison with a corresponding reference standard
substance 1°.

Similar meaning of the previous in this
method, this study aimed to assess the potency of
commercially available ciprofloxacin, amikacin, and
ceftriaxone in various antimicrobial pharmaceutical
preparations following the microbiological bioassay
method.

Table 1. The tested antimicrobial agents samples.

2.2. METHODS

2.1. Tested antimicrobial agents.

A total sample number of 300 antimicrobial
pharmaceutical dosage units from different batches
of amikacin, ceftriaxone, and ciprofloxacin produced
by nine Egyptian pharmaceutical manufacturers
(codedas A, B, D, E, O,P, R, S, and U) were assayed
(Table 1).

2.2. Standard strains and antimicrobial agents.

The amikacin, ceftriaxone, and ciprofloxacin
secondary standard powders as well as,
Staphylococcus aureus ATCC 6538P standard strain
(Microbiologics, USA) were kindly supplied by the
Egyptian International Pharmaceutical Industries
Company (EIPICO).

Active constituents Dosage Units

(Total; 300)
Amikacin (500 mg/2ml vial) 5 vials
5 vials
5 vials
5 vials
5 vials
Ceftriaxone (500 mg/vial) 5 vials
5 vials
5 vials
5 vials
5 vials
50 tablets
50 tablets

50 tablets

Ciprofloxacin (500 mg/tablet)

50 tablets
50 tablets

Company* Manufacturing Expiry
Date Date
A May/2021 May/2024
E (batch E1) Jan™/2021 Jan/2024
E (batch E2) Jan/2021 Jan/2024
E (batch E3) Feb™/2021 Feb/2024
E (batch E4) June/2021 June/2024
B Jan/2021 Jan/2024
S April/2021 Feb/2024
E Feb/2021 Feb/2024
P Jan/2021 Dec™/2023
D April/2021 Feb/2024
U Feb/2021 Feb/2024
P March/2021 March/2024
R Feb/2021 Jan/2024
0] Jan/2021 Jan/2024
E March/2021 March/2024

* Companies’ names are coded to protect companies’ privacy.** Jan; January, Feb; February, and Dec;

December.
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2.3. Bioassay of antimicrobial agents.

The 5 X 1 cylinder plate agar diffusion
method, according to the USP !, was used to
evaluate the potency of the selected commercial
antimicrobial agents, against their corresponding
standards, over a period of one year at three months
intervals as the following:

2.3.1. Preparation of the standard antimicrobial
solutions.

The secondary standard powders of amikacin sulfate,
ciprofloxacin, and ceftriaxone sodium were used for
the preparation of working standard solutions Si, Sy,
Ss, Ss4, or Ss with final concentrations of 4.1, 5.12,
6.4, 8, or 10 pg/ml, respectively in case of amikacin
sulfate and ciprofloxacin. For ceftriaxone, the final
concentrations were 10, 15, 20, 25, or 30 pg/ml,
respectively.

2.3.2. Preparation of the tested antimicrobial
solutions.

The final tested concentration of 6.4 pg/ml
from each tested amikacin (Ta) and ciprofloxacin
(T¢) samples were prepared. As well, from each
tested ceftriaxone sample, a final tested
concentration (Tc) of 20 pg/ml was prepared.

2.3.3. Bacterial inoculum standardization 12.

The Staphylococcus aureus ATCC 6538P
fresh stock suspension was prepared after incubation
at 30-35°C for 18-24 hours (hrs) on tryptic soya agar
(TSA) plates. The harvested cells were then
suspended in sterile phosphate buffered saline (PBS)
and homogenized to provide a 25 % light
transmission at 530 nm.

2.3.4. Agar diffusion bioassay *2.

Every 100 ml of the melted M11 agar medium
(Difco, Detroit, MI, USA) was inoculated with 1 ml
of the standardized bacterial suspension after cooling
to 45-50°C. To each sterile Petri dish (9 cm), 25 ml
of the inoculated M11 agar medium was dispensed
and left to congeal. Using a sterile cork—borer, and
considering the even spacing, 6 wells each of 6 + 0.1
mm diameter were then made in each plate.

In a set of 3 plates (containing 18 wells), 50 ul from
the 3" reference standard dilution (S3) was used to
fill each of the alternative wells, number 1, 3, and 5,
in each plate. For standard curve derivation, 50 pl of
the 1% standard dilution (S1) was then used to fill each
of the remaining wells, number 2, 4, and 6, in each
plate. This procedure was repeated 3 times using

either the 2" (S;), 4™ (S4), or 5™ (Ss) standard dilution
instead of the 1%t standard dilution (Sy).

For subsequent estimation of the tested sample
potency, 50 pl of the corresponding tested sample
dilution (TA, TC, or TF) was used to replace the
standard dilution to fill each of the remaining wells,
number 2, 4, and 6, in the 3 plates. Following plates
incubation for 18-24 hrs at 35-37°C, each growth
inhibition zone diameter, in the 18 wells of each
tested 3 plates sets, was measured to the nearest 0.01
mm by the aid of protocol 3 plus software
(Synbiosis, UK).

2.3.5. Determination of the potency of the tested
sample .

In each set of 3 plates, the average, standard
deviation, and percentage relative standard deviation
for the 9reference standard zones of inhibition values
as well as, the other 9 standard zones of inhibition
values were initially calculated. To confirm the
variability suitability of the results, the relative
standard deviations for the reference and standards
were determined.

Additionally, within each set, a plate-to—plate
variation correction was carried out via corrected
standard mean calculation:

Xc=Xs— (Xr — P)
Where;
Xc =Corrected standard mean.
Xs =Original standard mean.

Xr =Reference (S3) mean.
P =Correction point; the overall reference
mean

The standard curve line was constructed by

plotting the measurements of the corrected zone
readings against the log of the standards
concentrations. Additionally, on these mentioned
values, the standard curve regression equation was
determined through the creation of a standard
unweighted linear regression. The standard curve
line is considered valid when the value of the
coefficient of determination (% R?) is not less than
95%.
For determination of the tested sample potency, the
correction point was used to correct the average zone
measurement and the logarithmic concentration of
the tested sample was calculated as the following.

Lu=(U-a)b
Where;

87
https://aijpms.journals.ekb.eg/



Saber et al, Azhar Int J Pharm Med Sci 2023; Vol 3 (2): 85-98

Lu=Logarithmic concentration of the tested
sample (T).

U =Corrected average for the tested sample.

a =Intercept of the regression line.

b =Slope of the regression line

The tested antimicrobial agent sample (T) potency
was then calculated as the antilog of Ly multiplied by
any further dilution factor. The potency of each
tested sample was expressed as a percentage in
relation to the reference standard.

2.3. 6. Calculation of decomposition rate 14 15,

The rate of decomposition of antimicrobial
agents, after each assay interval, was calculated
according to the first order kinetic equation:

K =(2.0303/t) * Log (Co/C)
Where

K = Decomposition rate constant.

Co = Starting concentration.

C = Concentration after a period of (t)
months.

3. RESULTS

In all assays, clearly distinguished zones of growth
inhibition were obtained after assay conditions
optimization. The triplicate wells of each tested
antimicrobial agent concentration gave zone
diameters with not more than 1 mm variation.

3.1 Assay of amikacin.

The values of the correction point, which is
equal to the overall reference S3 mean, were 17.6 mm
in the 1%, 2", and 3" assays, 17.7 mm in the 4™ assay,
and 17.4 mm in the 5 assays. The corrected standard
means for Sy, Sy, S4, and Ss ranged from 15.3 to 15.8,
16.5 to 16.8, 18.3 to 18.6, and 19.2 to 19.6 mm,
respectively. While the corrected average for all the
tested amikacin samples ranged from 17.4 to 17.6
mm (Table 2) indicating the high precision of the
assay method.

Additionally, suitable assay results were
confirmed by the low relative standard deviation
(RSD) values in all assays (not exceeding 2.6%) for
the reference, standards, and the tested amikacin
samples. Optimum linearity of the standard curve
lines was obtained indicated by the high values of the

Table 2. Relative standard deviation and corrected mean of growth inhibition zone replicates for standards and
tested amikacin products.

Tested sample”

RSD™ (%0) 14 | 19 1.5 15 0.8 0.8 1.6 0.7 0.9 1.2
June/2021
Corrected mean (mm) | 15.3 | 16.5 | 17.6 | 184 | 196 | 175 | 175 | 174 | 175 | 175
RSD (%) 18 | 16 1.2 1 11 11 1.2 0.9 1.3 15
September/2021
Corrected mean (mm) | 15.7 | 16.6 | 17.6 | 184 | 195 | 176 | 17.6 | 175 | 17.6 | 17.6
RSD (%) 11 | 1.3 1.2 0.8 1.0 11 1.0 0.8 1.2 11
December/2021
Corrected mean (mm) | 15.8 | 16.6 | 17.6 | 18.6 | 195 | 17.6 | 17.6 | 175 | 17.6 | 17.6
RSD (%) 11 | 14 1.0 15 0.7 1.0 0.9 1.4 1.4 1.0
March/2022
Corrected mean (mm) | 15.7 | 16,5 | 17.7 | 184 | 19.2 | 17.4 | 174 | 174 | 174 | 174
RSD (%) 26 | 21 2.1 1.8 2.0 1.8 15 1.3 1.6 1.6
June/2022
Corrected mean (mm) | 15.8 | 16.8 | 17.4 | 18.3 | 195 | 17.4 | 174 | 174 | 174 | 175

*S1, Sz, S4, and Ss; working standard amikacin solutions, Ss; reference standard amikacin solution, As; tested amikacin
500 mg/2ml vial (A), Az; As; A4; and As; tested amikacin 500 mg/2ml vial (E); batches E1, E2, E3, and E4, respectively).
"RSD: relative standard deviation.
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percentage coefficient of determination (%R?) (99.7%, 99.83%, 99.79%, 99.51%, and 98.94%,
starting from the first assay through the fifth assay respectively).

Table 3. Potency ratios of different amikacin products at different assay periods.

Product June/2021 September/2021 December/2021 March/2022 June/2022

Amikacin 500mg/2ml vial (A) 100.94% 99.95% 99.17% 98.11% 97.29%
Amikacin 500mg/2ml vial (E1) | 100.56% 99.64% 99.01% 98.05% 97.32%
Amikacin 500mg/2ml vial (E2) 99.54% 99.04% 98.47% 97.92% 97.34%
Amikacin 500mg/2ml vial (E3) | 100.82% 99.90% 99.25% 98.38% 97.66%
Amikacin 500mg/2ml vial (E4) | 101.51% 100.53% 99.74% 98.82% 97.93%

2.85E-03
2.32E-03
Amikacin 500mg/2ml vial (E4) 2.71E-03
2.67E-03
2.64E-03
2.69E-03
1.92E-03
Amikacin 500mg/2ml vial (E3) 2.59E-03
2.16E-03
2.34E-03
1.48E-03
1.70E-03
Amikacin 500mg/2ml vial (E2) 1.65E-03
1.75E-03
1.64E-03
2.T0E-03

1.86E-03
Amikacin 500mg/2ml vial (E1) 2.86E-03
2.20E-03

2.41E-03

2.90E-03
2.30E-03

Amikacin 500mg/2ml vial (A) 3.16E-03

2.71E-03

0.00E+00 5.00E-04 1.00E-03 1.50E-03 2.00E-03 2.50E-03 3.00E-03 3.50E-03

=K 1(06 to 09-2021) mK2(09 to 12-2021) = k3(12-2021 to 03-2022)
B k4 (03-2022 to 06-2022) mK average (06-2021 to 06-2022)

Figure 1. Decomposition of amikacin products at different time intervals.
K1, Kz, K3, and Ka; rate of decomposition after the 1%, 2", 3¢, and 41" three months, respectively from the beginning of the
study, K average; mean rate of decomposition during the whole study.
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The calculated potency ratios illustrate
moderate variability in potency ratios amongst the
tested amikacin products at the beginning of the
study and during the 3, 6, 9, and 12 months intervals
(Table 3). The results showed that amikacin 500
mg/2 ml vials (E4) had the highest potency ratio all
over the assay period, while amikacin 500 mg/ 2 ml
vial (A) showed the lowest potency at the end of the
assay period.

The variation in the decomposition rate of each
amikacin product was noticed amongst the assay
intervals (Figure 1). Comparison between the mean
value of decomposition rates of the products revealed
the highest rate of decomposition (2.71E-03 month~
1 of amikacin 500 mg/ 2 ml vial (A) followed by
(2.64E-03 month?) for amikacin 500 mg/ 2 ml vial
(E4), then (2.41E-03 month™?) for amikacin 500 mg/
2 ml vial (E1), then (2.34E-03 month™) for amikacin
500 mg/ 2 ml vial (E3), and finally (1.64E—03 month-
1y for amikacin 500 mg/ 2 ml vial (E2) which has the
lowest decomposition rate.

3.2. Assay of ceftriaxone:

The repeatable values of the correction point of
the reference (Ss) and the corrected means of each
standard (S1, Sz, Ss, and Ss) and tested ceftriaxone
samples denote the high precision of the assay
method. Over the whole assay period, the corrected
standard means for Si, Sz, S4, and Ss ranged from
13.4t0 15.7, 15.8 to 16.4, 17.2 to 18.7, and 17.5 to
20 mm, respectively. While the corrected mean for
all the tested ceftriaxone samples had typically the
same range, 16.7 to 17.7 mm, of the correction point
values of the reference standard (Table 4).

Moreover, the variability suitability of the
results was proved because the RSD values not
exceeding 2.9% for the reference and standards in all
assays in comparison to 2% for the tested ceftriaxone
samples. As well, acceptable linear regression of the
assay results was demonstrated from the high values
of the percentage coefficient of determination (%R?)
from the 1t assay to the 5™ assay (99.73%, 99.90%,
99.88%, 99.86%, and 98.97%, respectively).

Assay of different commercial ceftriaxone
products illustrates the variable maximum and
minimum potency ratios at the beginning of the study
and at different time intervals (3, 6, 9, and 12 months)
throughout all the products (Figure 2). At the
beginning of the study, ceftriaxone 500 mg/vial (D)
started with the maximum potency ratio (102.38%)
followed by ceftriaxone 500 mg/vial (E), while
ceftriaxone 500 mg/vial (B) showed the minimum
ratio (99.63%). At the end of the study, ceftriaxone

500 mg/vial (E) recorded the highest potency ratio
(97.53%), while ceftriaxone 500 mg/vial (B)
remained with the lowest ratio (94.24%).

Variable rates of decomposition at each assay
interval, as well as, the overall mean rate of
decomposition, of each ceftriaxone product, were
observed (Figure 3). Amongst the tested ceftriaxone
samples, ceftriaxone 500 mg/vial (B) was the least
stable ceftriaxone product with a K average of
4.09E-03 (montht), whereas ceftriaxone 500
mg/vial (E) was the most stable product with K
average of 2.77E-03 (month™).

3.3. Assay of ciprofloxacin:

The closely related values of the correction
point of the reference ciprofloxacin standard (Sz) and
corrected means of each of the ciprofloxacin
standards (Si1, Sz, Ss, and Ss) and the tested
ciprofloxacin samples in the different assays
demonstrate the high repeatability of the method
(Table 5). The results over the whole assay period
showed that the corrected standard means for Si, Sy,
S4, and Ssranged from 14 to 14.7, 15.2 to 16.1, 17.7
to 18.2, and 18.7 to 19.1 mm, respectively. While the
corrected mean for all the tested ciprofloxacin
samples ranged from 16.4 to 16.9 mm compared to
the correction point values range of the reference
standard (16.5 to 17.3 mm).

Suitable assay findings were demonstrated by
the low RSD values in all assays (hot more than
2.8%) for the reference, standards, and the tested
ciprofloxacin samples. Optimum linearity of the
obtained standard curve lines was indicated by the
high values of the percentage coefficient of
determination (%R?) starting from the first assay
through the fifth assay (99.41%, 99.74%, 99.77%,
99.5%, and 98.83%, respectively).

The five assays for the potency of each tested
ciprofloxacin products are illustrated in Figure (4).
At the beginning of the study, ciprofloxacin 500
mg/tablet (P) demonstrated a maximum potency ratio
of 102.76% followed by ciprofloxacin 500 mg/tablet
(U) with a potency ratio of 102.66% while
ciprofloxacin 500 mg/tablet (R) showed the
minimum ratio (100.76%). Conversely, at the end of
the study, almost all the tested products maintained
the same potency ratio of 96% with a slight fractional
variation.
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Table 4. Relative standard deviation and corrected mean of growth inhibition zone replicates for ceftriaxone

standard and tested products.

Tested sample”

S1 S> S3 S4 Ss CXi CXz CXs CXs CXs

Date
RSD™ (%) 03|11 |14 |29 |06 |06 |20 11| 10| 17
June/2021
Corrected mean (mm) | 13.4 | 15.8 | 17.7 | 18.7 | 20.0 | 175 | 175 | 176 | 175 | 17.7
RSD (%0) 05| 05|05|04|04]| 04|04 | 11]11] 05
September/2021
Corrected mean (mm) | 15.6 | 16.3 | 16.8 | 17.2 | 17.6 | 16.8 | 16.8 | 16.8 | 16.8 | 16.9
RSD (%) 07|09 |10| 04 |03|06 |09 |07]05] 06
December/2021
Corrected mean (mm) | 155 | 16.3 | 16.7 | 17.2 | 175 | 16.7 | 16.7 | 16.8 | 16.7 | 16.8
RSD (%) 16 | 12 |14 | 11| 15| 14 | 09 | 12 | 10 | 15
March/2022
Corrected mean (mm) | 15.7 | 16.4 | 16.9 | 17.2 | 176 | 16.8 | 16.8 | 16.8 | 16.8 | 16.9
RSD (%) 22 | 14 | 16 | 17 | 13| 16 | 12 | 11| 13 | 14
June/2022
Corrected mean (mm) | 15.7 | 16.4 | 17.0 | 17.3 | 179 | 169 | 16.9 | 17.0 | 16.9 | 17.0

* 81, Sz, S4, and Ss; working standard ceftriaxone solutions, Ss; reference standard ceftriaxone solution, CXz;
tested ceftriaxone 500 mg/vial (B), CXz; tested ceftriaxone 500 mg/vial (S), CXs; tested ceftriaxone 500
mg/vial (E), CXa; tested ceftriaxone 500 mg/vial (P), and CXs; tested ceftriaxone 500 mg/vial (D).

"RSD: relative standard deviation.

—&— Cefiriaxone 500 mg/vial (Company B) —— Ceftriaxone 500 mg/vial (Company S)
Ceftriaxone 500 mg/vial (Company E) == Ceftriaxone 500 mg/vial (Company P)
—#— Ceftriaxone 500 mg/vial (Company D)

103.00%
102.50%
102.00%
101.50%
101.00%%
100.50%%
100.00%
99.50%
99.00%
98.50%
98.00%
97.50%
97.00%
96.50%
96.00%
95.50%
95.00%
94.50%
94.00%

June/2021 September/2021 December/2021 March/2022 June/2022

Figure 2. Potency ratios of different ceftriaxone products at different time intervals.
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Ceftriaxone 500 mg/vial (Company D)

Ceftriaxone 500 mg/vial (Company P)

Ceftriaxone 500 mg/vial (Company E)

Ceftriaxone 500 mg/vial (Company S)

4.08E-03
4.20E-03
3.36E-03
3.60E-03
3.91E-03
4.19E-03
2.92E-03
3.47E-03
2.51E-03
3.69E-03

2.07E-03

4.00E-03
3.44E-03
3.71E-03

4.50E-03

5.09E-03
Ceftriaxone 500 mg/vial (Company B) 4.43E-03
3.78E-03
4.09E-03
0.00E+00 1.00E-03 2.00E-03 3.00E-03 4.00E-03 5.00E-03 6.00E-03

=K 1(06 to 09-2021)
= K4(03-2022 to 06-2022)

mK2(09 to 12-2021) WK 3(12-2021 to 03-2022)
m K average (06-2021 to 06-2022)

Figure 3. Rate of decomposition of different ceftriaxone products at different time intervals. Ki, Kz, Ks, and
Ka; rate of decomposition after the 1%, 2", 3 and 4™ three months, respectively from the beginning of the
study, K average; mean rate of decomposition during the whole study.

Table 5. Relative standard deviation and corrected mean of growth inhibition zone replicates for ciprofloxacin

standard and tested products.

Tested sample”

S1 So S3 Sa Ss Ci1 (07 Cs Ca Cs
Date
RSD™ (%) 11 | 2.8 1.7 2.0 1.8 1.2 0.9 0.6 1.9 1.2
June/2021
Corrected mean (mm) | 14.6 | 154 | 16.8 | 17.7 | 187 | 16.7 | 16.8 | 16.7 | 16.7 | 16.7
RSD (%) 20 | 2.8 2.6 1.3 2.2 2.4 2.8 1.8 25 25
September/2021
Corrected mean (mm) | 14.0 | 15.2 | 165 | 17.8 | 18.7 | 165 | 165 | 164 | 16.4 | 16.5
RSD (%) 08 | 15 1.4 1.0 0.9 0.8 0.8 0.7 0.9 0.7
December/2021
Corrected mean (mm) | 14.1 | 15.2 | 16.6 | 17.7 | 18.7 | 165 | 165 | 16.4 | 16.4 | 16.4
RSD (%) 08 | 1.0 1.0 0.6 11 0.9 1.2 1.3 1.6 15
March/2022
Corrected mean (mm) | 14.6 | 15,7 | 17.1 | 18.1 | 19.0 | 168 | 16.8 | 16.8 | 16.8 | 16.8
RSD (%) 21 | 1.9 1.9 1.1 14 1.4 15 1.1 1.2 1.6
June/2022
Corrected mean (mm) | 14.7 | 16.1 | 17.3 | 18.2 | 19.1 | 169 | 169 | 169 | 16.9 | 16.9

*S1, S2, S4, and Ss; working standard ciprofloxacin solutions, Ss; reference standard ciprofloxacin solution, Ci; tested
ciprofloxacin 500 mg/tablet (U), C; tested ciprofloxacin 500 mg/tablet (P), Cs; tested ciprofloxacin 500 mg/tablet (R), Cy;
tested ciprofloxacin 500 mg/tablet (O), and Cs; tested ciprofloxacin 500 mg/tablet (E). “"RSD: relative standard deviation.
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According to the first order Kinetic, the
decomposition rate of each ciprofloxacin product,
after each assay interval and their overall mean were
inconsistent (Figure 5). The results illustrate the
slowest decomposition rate (3.46E-03 month™?) of
ciprofloxacin 500 mg/tablet (R), while ciprofloxacin
500 mg/tablet (P) was found to have the fastest rate
of decomposition (4.30E-03 month2).

4. DISCUSSION

Careful storage conditions are required to
maintain antimicrobial product activity and integrity
with subsequent ensuring that patients receive
optimum therapeutic benefits 6. Microbiological
bioassay of antimicrobial agents potency is an easy,
cost—effective, and accurate method 7. It is more
sensitive than chemical methods that might fail to
adequately demonstrate the decreased biological
activity ™.

In this study five potencies of Egyptian
pharmaceutical products containing amikacin,
ceftriaxone, or ciprofloxacin were determined using
the agar diffusion assay at 0, 3, 6, 9, and 12 months
following sample collection. Additionally, after each
interval, the rate of antimicrobial agent
decomposition was determined using the first order
kinetic equation.

Dafale et al.5, described several variables that
can affect the zone diameters in a traditional agar
diffusion bioassay including type and concentration
of the used microorganism, type and pH of dilution
buffer, concentration range and inoculated volume of
each antimicrobial agent working solution, the type,
pH, and thickness of media, the temperature and
period of incubation. In our experiment, many trials
were performed to adjust the optimum assay
conditions and parameters with subsequent
achievement of distinct zones of growth inhibition in
all assay experiments. The replicate growth
inhibition zones, for each concentration in each
assay, gave diameter values with less than 1 mm
variation.

Concerning amikacin, all products were
selected with the same labeled potency and with
manufacturing dates ranging from 1/2021 to 6/2021
and expiration dates ranging from 1/2024 to 6/2024
to avoid the variation in potency due to differences in
production dates. The 5 X 1 assay design was
employed with cylinder plates containing antibiotic
M11 agar medium and S. aureus ATCC 6538P (1ml
containing around 108 CFU/mI per 100 ml of media).
Aboubakr et al.’8, utilized the same assay design (5

X 1) in cylinder plates but containing Mueller—
Hinton agar medium seeded with B. subtilis ATCC
6633 (160 ul of 108 CFU/mI per 100ml of media).
These differences in the assay medium and sensitive
microorganism indicates the need for the
performance of several assay trials, with different
microorganisms and microbiological media before
starting the analysis, to apply the optimum conditions
with suitable inhibition zone diameter.

During the amikacin assay, the standards Si, Sa,
Ss, and Ss exhibited corrected means ranging from
15.3 to 15.8, 16.5 to 16.5, 18.3 to 18.6, and 19.2 to
19.6 mm, respectively. The correction points equal to
the overall reference S; mean ranged in all assays
between 17.4 and 17.7 mm compared to a range of
17.4 to 17.6 mm for all tested amikacin samples,
indicating high assay precision. The low RSD values
in all assays for the reference, standards, and the
tested amikacin samples further supported the
suitability of the assay results. The high percentage
coefficient of determination (%R?) values from the
first assay through the fifth assay (99.7%, 99.83%,
99.79%, 99.51%, and 98.94%, respectively) show
that the standard curve lines are linearly optimal.
These findings were comparable to those of Christ et
al. %, who validated a linear (%R? = 99.95) and
precise (%RSD = 2.58)  turbidimetric
microbiological assay.

At the baseline and after 3, 6, 9, and 12 months
of testing, the estimated potency ratios showed
moderate variability in potency ratios across the
evaluated amikacin products. The results showed that
among the amikacin 500 mg/2 ml vials tested,
amikacin product (E2) had the highest potency ratio
throughout the entire testing time, while amikacin
(A) had the lowest potency (97.29%) by the end of
the study. Until the end of the assay period, all tested
amikacin products retained a potency ratio of around
97% which remains within the limit set by the USP
2 which stipulates that the injectable amikacin
products should contain not less than 90% and not
more than 120% of the indicated potency along the
shelf life. Similarly in a previous study, Zuluaga et
al.?l, used the agar diffusion technique in large
rectangular plates to compare the potency of generic
versus brand pharmaceutical products containing
amikacin and the potency range was 99.8 to 100.5%.

Across the various assay periods, there was a
noticeable difference in the rate of decomposition of
each amikacin product. The highest rate was found to
be 2.71E-03 (month) for amikacin 500 mg/2 ml
vial (A), followed by 2.64E-03 (month?) for
amikacin 500 mg/2 ml vial (E4), 2.41E-03 (month~

93
https://aijpms.journals.ekb.eg/



Saber et al, Azhar Int J Pharm Med Sci 2023; Vol 3 (2): 85-98

1y for amikacin 500 mg/2 ml vial (E1), 2.34E-03 finally 1.64E-03 (month) for amikacin 500mg/2 ml
(month™) for amikacin 500mg/2ml vial (E3), and vial (E2) which had the lowest rate of decomposition.
\

—#— Ciprofloxacin 500 mg/tablet (Company U) == Ciprofloxacin 500 mg/tablet (Company P)
=== Ciprofloxacin 500 mg/tablet (Company R) === Ciprofloxacin 500 mg/tablet (Company O)
=== Ciprofloxacin 500 mg/tablet (Company E)
103.00%
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Figure 4. Potency ratios of different ciprofloxacin products at different time intervals. B.N. batch number.
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Figure 5. Rate of decomposition of different ciprofloxacin products at different time intervals. Ki, Kz, Ka,
and Ka; rate of decomposition after the 1%, 2", 3/, and 4™ three months, respectively from the beginning of the
study, K average; mean rate of decomposition during the whole study.
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Regarding ceftriaxone, to eliminate variations
in potency due to variances in manufacture dates, we
chose only ceftriaxone products having the same
listed potency (500 mg/vial) and a manufacturing
date range of 1/2021 to 4/2021 and an expiration date
range of 12/2023 to 4/2024. Using a 5 X 1 assay
design, S. aureus ATCC 6538P (1 ml containing
around 108 CFU/ml per 100 ml of media) was plated
out on cylinder plates containing antibiotic M11 agar
medium in the current study. In a former study,
Dafale et al.2, employed the same 5 X 1 assay design
using antibiotic M11 agar medium, but they
considered Kocuria rhizophila ATCC 9341 as a
sensitive test organism (3 ml containing about 107
CFU/ml per 100 ml of media).

During the ceftriaxone assay, the repeatability
of the values of the reference correction point (Ss)
and the corrected means of each standard (S, Sz, S,
and Ss) and tested ceftriaxone samples indicated the
assay method's excellent precision. The corrected
standard means for Si, Sy, S4, and Ss ranged from
13.4 t0 15.7, 15.8 to 16.4, 17.2 to 18.7, and 17.5 to
20 mm, respectively, across the entire assay period.
While the corrected mean for all of the tested
ceftriaxone samples showed the same range of
correction point values as the reference standard
(16.7 to 17.7 mm). The relative standard deviation
values not reaching 2.9% for the reference and
standards in all assays, as well as 2% for the tested
ceftriaxone  samples,  further  demonstrated
acceptable variability suitability of the results. The
high percentage coefficient of determination (%R?)
values from the first assay to the fifth assay (99.73%,
99.90%, 99.88%, 99.86%, and 98.97%, respectively)
showed that the assay findings could be linearly
regressed acceptably. Manfio et al.??, found
comparable outcomes, proposing a microbiological
technique using agar diffusion that was both
reproducible (RSD = 2.5%) and linear (%R? =
99.98%) in assessing ceftriaxone concentration.

Additionally, measurements of maximum and
minimum potency made at the beginning of the trial
and again at 3, 6, 9, and 12 months show that
maximum and minimum ratios vary among all tested
items. The first results of the study showed that the
potency ratio for ceftriaxone 500 mg/vial (D) was the
highest (102.38%), followed by the ratio for
ceftriaxone 500 mg/vial from (E) (101.28%), where
the ratio for ceftriaxone 500 mg/vial (B) was the
lowest (99.63%). These results were in agreement
with those of Raceme et al.?®, whose potency ranges
for generic cephalosporins (cefixime) was 90 to
110%. Additionally, the final results in this study,
showed that the potency ratio for ceftriaxone 500
mg/vial (E) was the greatest (97.53%), whereas the

ratio for that of (B) was only 94.2% which is the least
value, however, all products were still within the
pharmacopeial limit of ceftriaxone for injection (90
to 115%), according to the USP 24,

Furthermore, the degradation rates of
ceftriaxone products were found to vary with time,
both at individual assay intervals and on average. The
average decomposition rate constant (K) for the
tested ceftriaxone samples ranged from 2.77E-03
(month™) for the product (E), the most stable tested
product, to 4.09E-03 (month?) for the least stable
(product B). These variable decomposition rates of
ceftriaxone products were also demonstrated in a
relatively similar study, but wunder different
conditions where Diego et al.?>, demonstrated that
ceftriaxone decomposes according to first order
decomposition kinetics, where the decomposition
rate of reconstituted ceftriaxone from two separate
pharmaceutical laboratories was assessed over a
period of 26 days at ambient temperature with and
without light protection, and the rate constants were
2.14E-02 and 1.98E-02 (day™), respectively with
light protection, and 2E-02 (day ') for both samples
when exposed to light.

With regard to ciprofloxacin, we only selected a
manufacturing date range of 2/2021 to 3/2021 and an
expiration date ranging from 2/2024 to 3/2024 of
ciprofloxacin products with the same indicated
potency (500 mg/tablet), in order to remove potency
differences caused by variations in manufacture
dates.

In a previous study, Cazedey and Salgado %,
proposed a turbidimetric microbiological assay
method for ciprofloxacin hydrochloride
concentration in ophthalmic solutions using S.
epidermidis ATCC 12228, as the test microorganism.
The test method was linear (%R? of about 99.8%) and
highly precise (RSD of 2.3%). In the current
experiment, with a relatively similar linearity (%R?
not less than 98.8%) and excellent precision (RSD
not exceeding 2.8%), we presented the agar diffusion
microbiological assay technique  for the
determination of ciprofloxacin  hydrochloride
concentration utilizing S. aureus ATCC 6538P as the
test microorganism.

Additionally, the great repeatability of the
approach is demonstrated by the closely comparable
values of the correction point of the reference
ciprofloxacin standard (Ss) and corrected means of
each of the ciprofloxacin standards (Si, Sz, Ss, and
Ss) and the tested ciprofloxacin samples in the
various assays. The results throughout the course of
the entire assay period demonstrated that the
corrected standard means for Si, Sy, S4, and Ss varied
between 14 and 14.7, 15.2 and 16.1, 17.7 and 18.2,
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and 18.7 and 19.1 mm, respectively. While the
corrected mean for all of the ciprofloxacin samples
tested ranged from 16.4 to 16.9 mm compared to the
reference standard's correction point values (16.5 to
17.3 mm).

The low relative standard deviation values (less
than 2.8%) across all assays for the reference,
standards, and the tested ciprofloxacin samples
verified relevant assay results. Additionally, from the
first assay to the fifth assay, excellent linearity of the
standard curve lines was achieved over the used
concentration range of 4.1 to 10 pg/ml, as shown by
the high values of the percentage coefficient of
determination (%R?) (99.41%, 99.74%, 99.77%,
99.5%, and 98.83%). In a related study by Abdelaziz
et al?, a cylinder-plate agar diffusion
microbiological assay method was used to quantify
moxifloxacin using Escherichia coli ATCC 25922 as
the test organism. The method was precise (%RSD =
6.39) with good linearity (%R?> 98).

Initial results of the assay of the ciprofloxacin
products showed that the maximum potency ratio of
102.76% was demonstrated by ciprofloxacin 500
mg/tablet (P), followed by product of (U) with a ratio
of 102.66%, and finally by that of (R) with the lowest
ratio of 100.76%. On the other hand, by the end of
the trial, nearly all the products examined maintained
a 96% potency ratio, with only a few decimal places
of variation. According to the USP 28, all tested
products remained within the pharmacopeial range
for ciprofloxacin tablets (90% to 110%).

Regarding stability considerations of the tested
ciprofloxacin products, the first order kinetic analysis
revealed variations between the rates of the
breakdown of individual ciprofloxacin products after
different time intervals and between these rates and
their overall mean. The findings show that
ciprofloxacin tablets (P) decomposed at the fastest
rate (4.30E-03 month) whereas (R) decomposed at
the slowest rate (3.46E-03 month™). The variation of
ciprofloxacin decomposition rates was also noticed
in a comparatively related study applying wide range
of temperature, where Onyechi and Igwegbe 2°,
proved that ciprofloxacin decomposes according to
first order decomposition Kinetics, where the
decomposition rate of ciprofloxacin was determined
over a period of one month at 27, 45, 60, and 70°C
and the rate constants were 1.95E-04, 2.21E-02,
3.61E-02, and 4.32E-01 (week 1), respectively.

The variation in the decomposition rate
between amikacin, ceftriaxone, and ciprofloxacin
products from different manufacturing sources may
be due to differences in the formulation of each
product % or differences in the active materials
source and their method of preparation *°.

5. CONCLUSION

The proposed agar diffusion 5 X 1 microbial
assay methods represent cheap, easy—to-use,
repeatable, and accurate analytical methods for
determining the potency of amikacin, ceftriaxone,
and ciprofloxacin in pharmaceutical products.
Although different rates of decomposition were
observed between the tested antimicrobial agents, all
the tested pharmaceutical products were within the
pharmacopeial potency limit through all the assay
intervals and by the end of the study period.
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