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in Pharmaceutical Preparations
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Abstract Stability study of ceftazidime was realized in order to investigate kinetics of degradation of this drug both in
powder for injection and reconstituted sample. Ceftazidime was submitted to conditions of accelerated thermal degradation
and photodegradation. Analyses of the degraded samples were performed by microbiological assay and decomposition
reactions could be described by zero-order and second-order kinetics. Results obtained confirm the reliability of the
microbiological assay for determination of ceftazidime by the presence of its degradation products. The present study
revealed thermal and photo lability of the drug, especially as reconstituted sample, and protection is recommended during

storage and handling.
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1. Introduction

Stability is defined as the capacity of a drug substance or
drug product to remain within established specifications to
maintain its identity, strength, quality, and purity
throughout the retest or expiration dating periods[1-3].

Due to their possible composition, pharmaceuticals are

especially sensitive to environmental factors. Strict storage
conditions are necessary for the maintenance of integrity
and product activity. So, drug stability is considered to be a
secure way to ensure delivery of therapeutic values to
patients[4].
Stability testing of an active substance or finished product
provides evidence on how the quality of a drug substance or
drug product varies with time influenced by a variety of
environmental factors such as temperature, humidity and
light.

Knowledge from stability studies enables understanding
of long-term effects of the drug environments[5].

Stability testing provides information about degradation
mechanisms, potential degradation products, possible
degradation pathways of drug as well as interaction between
drug and excipients in pharmaceuticals. Results are applied
in developing a suitable manufacturing process, selecting
proper packaging, storage conditions, product’s shelf life
and expiration dates[6]. Brazilian stability studies
guidelines were published in RE n° 1, in July 1st 2005,
which determined specifications for stability analysis[7].
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Ceftazidime is a third-generation cephalosporin widely used
for the treatment of serious infections caused by
Gram-negative bacteria, including Pseudomonas aeruginosa,
especially in cystic-fibrosis patients. It is usual to
administer this drug by slow intravenous infusion over 24
hours. Infusion solutions are prepared in advance and stored
in pharmacies[8-20].
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Figure 1. Chemical structure of ceftazidime — C;HzNgO7S, (mw

546.58)

For many aqueous drug solutions, stress conditions such
as pH, temperature, light and oxidizing atmosphere can
sometimes affect the maximum stability of the drug[21- 22].
For this reason, the aim of this study was to evaluate the
stability of ceftazidime in powder for injection and
reconstituted sample against several stress conditions, such
as temperature and both ultraviolet and visible radiation to
determine the kinetics of degradation, describing
concentration changes of ceftazidime as a function of time,
as well as the kinetics run parameters. Recently, Moreno
and Salgado published four methods for the analysis of
ceftazidime in powder for injection: microbiological
assay[23], high performance liquid chromatography[24] and
spectrophotometry[25-26]. Analysis of the degraded
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samples were performed by microbiological assay[23],
developed and validated in our laboratory in compliance
with ICH guidelines[27].

2. Material and Methods

2.1. Chemicals

Ceftazidime reference substance (assigned purity 99.98%)
and ceftazidime powder for injection were kindly supplied
by Ariston Quimica e Farmacéutica Ltda. (Sdo Paulo, Brazil).
Ceftazidime powder for injection (Ceftazidon™) was
claimed to contain 1000 mg (as anhydrous base) of the drug
and 118 mg of anhydrous sodium carbonate as excipient
(solubilizer).

Grove Randall number 1 agar and Grove Randall number
2 agar were obtained from Merck (Darmstadt, Germany).
Tryptic Soy Broth was obtained from Difco (Rio de Janeiro,
Brazil) and potassium phosphate was obtained from Synth
(Sao Paulo, Brazil).

Distilled water was used to prepare all solutions for the
microbiological assay.

2.2. Instrumentation and analytical conditions

2.2.1. Thermal degradation

Stress studies under thermal conditions were performed
using a dry air oven Nova Etica™ (Sao Paulo, Brazil).
Susceptibility of the drug in powder for injection to dry heat
was studied by exposing it to 45°C. For reconstituted sample,
ceftazidime was dissolved in sterile distilled water and
solutions were heated at 45°C.

2.2.2. Photodegradation

Stress studies under day light conditions were performed
using a D65/ID65 lamp (Sao Paulo, Brazil) and studies under
ultraviolet conditions were performed using an UV Lamp
SM 808 (Zheijang, China). Susceptibility of the drug in
powder for injection and reconstituted sample (sterile
aqueous solution) was evaluated by exposing it to visible and
UV light distant 4 cm of the luminosity font.

2.2.3. Microbiological assay

Microbiological assay, applying the cylinder-plate method,
was performed as described in an earlier publication[23].

2.3. Decomposition studies

Accelerated thermal degradation study was performed by
heating commercial sample of ceftazidime (1000 mg) at
45°C for 1, 2, 7, 14, 21 and 28 days. At time intervals,
amounts of degraded samples (three flasks for each time)
were dissolved in sterile distilled water at concentration of
1000 pg/mL. For reconstituted samples, commercial samples
of ceftazidime (1000 mg) were reconstituted to 10 mL of
water (sterile distilled water) and stored at 45°C for 6, 12 and
24 hours. Aliquots were withdrawn at suitable time intervals

(three aliquots for each time) and diluted in sterile distilled
water to give final concentration of 1000 pug/mL.

Photodegradation studies were performed by exposing
commercial samples of ceftazidime (1000 mg) at ultraviolet
radiation (254 nm) and visible radiation (320 nm) for 1, 2, 7,
14, 21 and 28 days. At time intervals, amounts of the
degraded samples (three amounts for each time) were
dissolved in sterile distilled water at concentration of 1000
pg/mL. For reconstituted sample, commercial samples of
ceftazidime (1000 mg) were reconstituted to 10 mL of sterile
distilled water and exposed to ultraviolet (254 nm) and
visible (320 nm) radiation for 6, 12 and 24 hours. Aliquots
were withdrawn at suitable time intervals (three aliquots for
each time) and diluted in sterile distilled water to give final
concentration of 1000 pg/mL.

Dilutions were made in potassium phosphate buffer
solution pH 6.0 to give final concentrations of 100.0, 200.0
and 400.0 pg/mL, which were assayed against solutions of
the reference substance at the same concentrations (linearity
range)[23].

2.4. Kinetic calculations

Degradation rate kinetics was determined by plotting
concentration of the remaining drug versus time (zero-order
process) and concentration” of remaining drug versus time
(second-order process). Kinetic parameters such as apparent
order degradation rate constant (k), half-life (¢ ,) and ¢ ¢
(time where 90% of original concentration of the drug is left
unchanged) were obtained from slopes of straight lines at
each condition. Each experiment was done in triplicate, and
average values were taken for the analysis.

3. Results and Discussion

Pharmaceutical product quality is of vital importance for
patient’s safety. The presence of impurities may influence
the efficacy and safety of pharmaceuticals. Impurities and
potential degradation products can cause changing of
chemical, pharmacological and toxicological properties of
drugs having significant impact on product quality and
safety[28]. Stability study of pharmaceutical preparations
became necessary to assure the purity, safety, potency and

Stress studies are said to be useful in determining
accidental exposures to conditions other than those proposed
as deleterious to the product, for evaluating which specific
test parameters may be the best indicators of product stability
and in revealing patterns of degradation. Mention of use of
stress conditions was also found in some reports in the
literature on the establishment of stability-indicating assays.
Total information was tabulated for different types of
activities, such as hydrolysis in acid, alkaline and neutral
conditions, oxidation and photolysis and thermal
degradation[27].

Accelerated aging traditionally involves use of
temperature increases to speed reactions. The process of
estimating ambient stability involves the prediction of the
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reaction rate at single or different temperature, and the
extrapolation to the desired temperature[4].

Temperature has a high degree of influence on all varieties
of chemical reactions and it is usually accelerated by raising
the temperature. This is understandable since with increased
temperature, molecules tend to move faster with increased
kinetic energy. Additionally, the rate of collision molecules
increases greatly. Finally, greater available energy causes
more molecules to have enough activation energy and the
fraction of collisions with suitable energy increases. It is
typically said that a 10°C increase in temperature produces a
2-5 fold increase in decomposition[29-30].

In current pharmaceutical testing programs, the formation
rate of individual products, independent of whether they are
primary or secondary decomposition products of the drug, is
the determining factor in setting shelf-life expiration. While
drugs commonly decompose to give multiple products, the
shelf-life is rarely determined by the overall drug
decomposition rate, but rather by the rate of formation of
individual products as determined by their toxicity
limits[4,31].

Light can have effects on the active principle in a drug
formulation, as well as on the final product or packaging.
This may be observed as bleaching of colored compounds or
a discoloration of colorless products. The most obvious
result of drug photodecomposition is the loss of potency of
the product. As a final consequence, this can lead to a drug
preparation, which is therapeutically inactive. Besides,
amounts of photodegraded products formed in the
pharmaceutical preparation may lead to adverse effects[28].

Basic information about photoreactivity of compounds is
needed to provide information about handling, packaging,
labeling and use of the drug substance or drug product.
Knowledge about the mechanism by which
photodegradation occurs is of importance in stabilizing the
product. Drug molecules may be directly or indirectly
affected by irradiation, depending on how the radiant energy
is transferred to the substance. Energy is imparted to the
active substance, which subsequently degrades[32].

Light-sensitive drugs can be affected either by sunlight
(especially ultraviolet irradiation) or artificial light sources
(e.g. fluorescent light) and contribute to the
photodegradation of the active substance, occurring changes
in physicochemical properties of the product, e.g.
discoloration or cloudy appearance, viscosity loss, change in
dissolution rate or precipitation[28].

Many drug substances are white and hence the
degradation depends mostly on the amount of ultraviolet
radiation absorbed by the material. Colored substances
absorb light in the visible region of the spectrum. For this
reason, stability studies should include exposures to both
ultraviolet and
visible radiation to cover all possible degradation reactions
[33].

In this study, thermal and photostability studies of
ceftazidime were carried out through employment of stress
conditions. Thermal degradation profile of ceftazidime was

studied at 45°C for different time periods and the
photodegradation was studied at both ultraviolet and visible
radiation also for different time periods.

For reconstituted sample, drug was found to degrade
extensively after reconstitution in aqueous solution. About
85% drug degradation was observed on exposures to heating
at 45°C and to ultraviolet and visible radiation for 24 h
(Table 1). A yellowish color developed there upon
exposures of ceftazidime in reconstituted sample to heat and
ultraviolet radiation.

Table 1. Experimental values obtained for the determination of
ceftazidime (reconstituted sample) after exposition to temperature, and both
ultraviolet and visible radiation

Time Temperature (45°C) UV radiation (284 nm) VIS radiation (320 nm)
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On exposures of ceftazidime to drug heat and ultraviolet
and visible radiation in solid state (powder for injection), this
drug was found to be stable. In this work, experiments were
carried out using commercial samples, in sealed glass vials,
protected from humidity. At 45°C with visible radiation,
about only 8% of drug degraded after exposition for 28 days;
at ultraviolet radiation exposure, the loss of drug was about
only 5% (Table 2).

Table 2.  Experimental values obtained for the determination of
ceftazidime (powder for injection) after exposition to temperature, and both
ultraviolet and visible radiation

Time Temperature (45°C) UV radiation (254 nm) VIS radiation (220 nm)
(days) Found, % = S.EAL Found, % = S.EAL Found, % = S EAL
0 $7.85=0.18 97.50 = 0.41 97.63 = 0.41
743=042 97.29=0.71 GTl1=044
2 26.30=0.34 9707 =076 26.90 = 0.20
7 £3.33=033 96.76 = .68 95.24=0.35
4 $441=07 96.28 = 0.64 04,33 = .49
2 $3.05=0.30 95.70=10.8 0297 =033
28 81.73 = 0.62 9490 = 0.70 21.86 = 0.60

Plots of concentration of the drug remaining versus time
obtained in the course of kinetic studies are shown in Fig. 2.
At selected expositions, degradation processes of
ceftazidime can be described by apparent zero-order and
second-order kinetics for reconstituted sample and powder
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for injection, respectively. For reconstituted sample, strict
straight-line behaviors were obtained for all expositions.
Similar kinetic data were obtained for ceftazidime powder
for injection. Correlation coefficients (r) observed for
storage at 45°C and ultraviolet and visible radiations were
0.98, 0.9934 and 0.9843, respectively. The kinetic models
for zero-order and second-order degradation processes were
confirmed. From slopes of straight lines it was possible to
calculate the apparent first-order degradation rate constant, &,
t 4 and ¢ ¢ at each exposure (Table 3).
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Figure 2. Comparative degradation profile of ceftazidime in reconstituted
sample (A) and powder for injection (B) at 45°C (e), 254 nm (m) and 320 nm
(&)

Table 3. Degradation rate constant (k), half-life (r ,) and ¢ ¢ for
ceftazidime in reconstituted sample and powder for injection, submitted to
thermal and photodegradation, determined by microbiological assay

Reconstituted sample Powder for injection

Exposition kb ts (h) 135 (h) kidays')  ro (days) 1 (days)
45° 3.247 13.07 3.01 3.835x10° 244 29
234 nm 3129 15.58 312 3.85x10° 263 EE |
320 nm 62 344 0g 3.835x10° 239 26

The content of remaining ceftazidime was simultaneously
determined by microbiological assay; this biodiffusion assay
used was developed and validated by us[23]. Statistical
analysis demonstrated the applicability of the method: there
were no deviation from parallelism and linearity with the
results obtained (p<0.05).

Segregation and quantification of antibiotic components
by chemical methods such as high-performance liquid
chromatography, although precise, may not provide a true
indication of biological activity, and attempts to correlate

antibiotic bioassay results with those from chemical methods
have usually been proved disappointing. So, results
demonstrated that bioassays continue to play an essential
role in manufacture and quality control of antibiotic
medicines.

Stability study of drugs has as main goal to exposure the
nature, kinetic course and degradation, as well as determini
ng for how much time the product can conserve its original
constitution[34-35]. Quality control in pharmaceutical
industries is very important to guarantee effectiveness and
confirm the quality of medicines commercialized for the
population.

4. Conclusions

In this study, results showed reliability of microbiological
assay for thermal and photodegradation kinetic study of
ceftazidime. Degradation of this antibiotic during stress
processing is found to follow first-order reaction kinetics.
Extensive decomposition was observed for ceftazidime in
aqueous solution when compared with solid state (powder
for injection). Consequently, an appropriate protection is
recommended during storage and handling of this antibiotic
after reconstitution. This procedure can avoid the
degradation of the drug and consequent loss of effectiveness
and security of the product. These studies are important to
establish storage type and adequate places for
pharmaceutical preparations to prevent degradation after
exposures, and guarantee the drug integrity, quality and
security for users.
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