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Received 19 December 2005; received in revised form 7 February 2006; accepted 7 February 2006
Available online 14 March 2006

Abstract

The stability of broad-spectrum antibiotic meropenem was studied in order to investigate the kinetics of degradation of this drug in powder for
injection and reconstituted sample. Carbapenem was submitted to conditions of accelerated thermal decomposition. Degradation of meropenem
was adequately modeled by specific equations for order rate kinetics. The analyses of the degraded samples were performed by high-performance
liquid chromatographic (HPLC) method and microbiological assay. At higher temperatures, the decomposition reactions of meropenem in powder
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or injection could be described by first-order kinetics. The higher rate of degradation was observed in meropenem reconstituted in 0.9% sodium
hloride, and the thermal decomposition obeyed also first-order kinetics. The results obtained confirm the reliability of chromatographic method
or determining the kinetics run of meropenem in the presence of its degradation products. The present study reveals the thermal lability of the
rug, especially as reconstituted sample. Thus, appropriate thermal protection is recommended during the storage and handling.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Meropenem (Fig. 1) is a parenteral carbapenem antibiotic
ith a very broad spectrum of antibacterial activity against the
ajority of gram-positive and gram-negative pathogens [1,2].
his antibiotic is stable to ring opening by human renal dehy-
ropeptidase I (DHP-I) and consequently does not require con-
omitant administration of a DHP-1 inhibitor. Meropenem has
hown clinical efficacy in the treatment of a wide range of seri-
us infections such as intra-abdominal infections, urinary tract
nfections and lower respiratory tract infections [3,4].

Literature survey reveals several analytical methods reported
or the quantitative estimation of meropenem in pharmaceutical
osage form, including high-performance liquid chromatogra-
hy (HPLC) [5–7], ultraviolet spectrophotometry [6] and micro-
iological assay [8]. The quantitation of meropenem in the
resence of its degradation products has been studied. Recently,
n preliminary forced thermal testing, a liquid chromatographic
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method and a microbiological assay were performed for quan-
titative determination of this antibiotic in reconstituted sample
submitted to thermal degradation [8]. In another work, a chro-
matographic method for determination of polymerized impuri-
ties in meropenem was proposed [9]. The separation of these
impurities was carried out by gel filtration chromatography.
Some investigators have reported the stability of meropenem
under various conditions [10–12]. Patel and Cook [10] studied
the stability of meropenem in 0.9% sodium chloride injection.
The stability of commonly used meropenem concentrations in
both PVC containers and a frequently used elastomeric infusion
device was determined in a recent study [11]. In a solid state
formulation for injection, meropenem was found to be stable
at room temperature [13]. However, the formulation must be
prepared under a controlled relative humidity of less than 40%.

Considering the few publications concerning kinetic studies
of meropenem, the purpose of this paper was to establish the
effect of temperature on the decomposition of this antibiotic in
powder for injection and reconstituted sample, to determine the
kinetics of degradation describing the concentration changes of
meropenem as a function of time, and to determine the kinet-
E-mail address: aslmufrgs@yahoo.com.br (A.S.L. Mendez). ics run parameters. The analysis of the degraded samples was
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Fig. 1. The chemical structure of meropenem.

performed by stability-indicating HPLC method [6] and micro-
biological assay [8], developed and validated in our laboratory
in compliance with ICH guidelines.

2. Experimental

2.1. Chemicals

Meropenem reference standard was kindly supplied by Sum-
itomo Pharmaceuticals Co. Ltd. (Osaka, Japan) and AstraZeneca
(São Paulo, Brazil). Pharmaceutical dosage form (Meronem®)
containing meropenem was obtained commercially and was
claimed to contain 500 mg (as anhydrous base) of the drug
and 104 mg of the anhydrous sodium carbonate as excipient.
Acetonitrile for chromatography LiChrosolv®, potassium dihy-
drogenphosphate p.a., orthophosphoric acid p.a., Grove Ran-
dall number 11 agar and Grove Randall number 1 agar were
obtained from Merck (Darmstadt, Germany). Sodium chloride
was obtained from Quimibrás (Rio de Janeiro, Brazil). Ultra-
pure water was obtained from a Milli-Q® UF-Plus apparatus
(Millipore). Ultrapure water was used to prepare all solutions
for the HPLC method and distilled water was used to prepare all
solutions for the microbiological assay.

2.2. Instrumentation and analytical conditions
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and 90 ◦C for 335, 295 and 95 days, respectively. At time inter-
vals, aliquots of degraded samples (three aliquots for each time)
were diluted in ultrapure water at concentration of 50 �g/ml and
analyzed by HPLC method. All solutions were injected in trip-
licate.

For reconstituted sample, commercial samples of meropenem
(500 mg) were reconstituted in 10 ml of 0.9% sodium chloride
and stored at 25, 35 and 45 ◦C for a period of 36 h. Aliquots were
withdrawn at suitable time intervals (three aliquots for each time)
and subjected to HPLC analysis at concentration of 50 �g/ml.
All solutions were also injected in triplicate.

The decomposition rate of meropenem was also evaluated
by microbiological assay. Aliquots of degraded samples (one
aliquot for each time) were diluted in distilled water at concentra-
tions of 6.0 and 10 �g/ml which were assayed against solutions
of reference standard and sample at concentrations of 1.5, 3.0
and 6.0 �g/ml (linearity range). This assay was carried out only
with meropenem stored at 90 and 45 ◦C. For each aliquot of
degraded sample, the assay was performed using five plates.

2.4. Kinetic calculations

The degradation rate kinetics were determined by plotting
log of concentration of drug remaining versus time (first-order
process). The kinetic parameters such as apparent order degra-
dation rate constant (k), half-life (t ) and t (i.e. time where
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.2.1. Thermal degradation
Stress studies under thermal conditions were performed using

dry air oven De Leo® (São Paulo, Brazil). Susceptibility of the
rug in powder for injection to dry heat was studied by exposing
o 70, 80 and 90 ◦C. For reconstituted sample, meropenem was
issolved in 0.9% sodium chloride and the solution was heated
t 25, 35 and 45 ◦C.

.2.2. HPLC method
The HPLC method was performed as described in an earlier

ublication [6].

.2.3. Microbiological assay
Microbiological assay, applying the cylinder-plate method,

as performed as described in an earlier publication [8].

.3. Decomposition studies

Accelerated thermal degradation study was performed by
eating the commercial sample of meropenem (500 mg) at 70, 80
1/2 90
0% of original concentration of the drug is left unchanged)
ere obtained from the slopes of the straight lines at each tem-
erature. Each experiment was done in triplicate (analysis by
PLC method) and average values were taken for the analysis.

. Results and discussion

In this study, thermal stability of meropenem was carried out
hrough employment of stress conditions. The thermal degrada-
ion profile of meropenem was studied at different temperatures
or different time periods. For reconstituted sample, the drug was
ound to degrade extensively after reconstitution in saline solu-
ion. Almost 80% drug degradation was observed on exposure
o heating at 45 ◦C for 36 h. A yellowish color developed there-
pon exposure of the meropenem reconstituted sample at heat.
ig. 2 shows the changes observed during degradation of the
econstituted drug in comparison with the initial sample. Three
egradation product peaks at around 3.0 and 17.0 min were seen,
specially at 220 nm.

On exposure of meropenem to dry heat in solid state (powder
or injection), this drug was found to be stable. In this work,
he experiments were carried out using commercial samples,
n sealed glass vials, protected from humidity. Thus, signifi-
ant degradation was verified only at higher temperatures and
ong storage time. The extent of degradation was much lesser
han in solution. At 70 ◦C, only 8% of the drug degraded after
xposing for 115 days. It was observed that around 75% of the
rug degraded on heating for 95 days at 90 ◦C but there was no
orresponding formation of degradation products. Very small
egradation product peaks at around 3.0 min were seen, espe-
ially at 220 nm (Fig. 2).
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Fig. 2. Chromatograms showing decomposition of meropenem (MERO) in
reconstituted sample and powder for injection (detection at 220 nm). Key: (A)
meropenem control; (B) meropenem reconstituted sample exposed at 45 ◦C for
36 h; (C) meropenem powder for injection exposed at 90 ◦C for 95 days.

The plots of log of concentration of drug remaining versus
time obtained in the course of the kinetic studies are shown in
Fig. 3. At the selected temperatures the degradation process of
meropenem can be described by apparent first-order kinetic. For
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Table 1
Degradation rate constant (k), half-life (t1/2) ant t90 for meropenem in recon-
stituted sample and powder for injection submitted to thermal degradation, and
determined by HPLC

Temperature (◦C) Reconstituted sample

Kobs (h−1) t1/2 (h) t90 (h)

25 0.022 31.24 4.78
35 0.035 19.64 3.00
45 0.046 15.11 2.31

Temperature (◦C) Powder for injection

Kobs (days−1) t1/2 (days) t90 (days)

70 0.0011 630 96
80 0.0020 340 52
90 0.0137 51 8

reconstituted sample, strict straight-line behaviour (correlation
coefficient, r > 0.99) was obtained for all the three temperatures.
Similar kinetic data was obtained for meropenem powder for
injection. The correlation coefficients (r) observed for storage at
70, 80 and 90 ◦C were 0.989, 0.992 and 0.995, respectively. The
kinetic model for first-order degradation process was confirmed.
From the slopes of the straight lines it was possible to calculate
the apparent first-order degradation rate constant k, t1/2 and t90
at each temperature (Table 1). For reconstituted sample, the rate
constant increased from 0.022 h−1 at 25 ◦C to 0.046 h−1 at 45 ◦C.
At 25 ◦C, the following kinetic parameters were obtained: t1/2
31.24 h and t90 4.78 h.

F
(A) and powder for injection (B) at 45 and 90 ◦C, respectively. Key: (�) analysis
ig. 3. First-order plots for the degradation of meropenem in reconstituted sam-
le (A) and powder for injection (B) at various temperatures. Key: (�) 25 ◦C,
�) 35 ◦C and (�) 45 ◦C for reconstituted sample (A); (�) 70 ◦C, (�) 80 ◦C and

�) 90 ◦C for powder for injection (B). b
ig. 4. Comparative degradation profile of meropenem in reconstituted sample
y HPLC method; (�) analysis by microbiological assay.
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The content of remaining meropenem was simultaneously
determined by microbiological assay. This assay was carried
out for reconstituted sample and powder for injection stored
at 45 and 90 ◦C, respectively. Thermal degradation profile
was observed by measurements of the zone diameters of the
growth inhibition. Fig. 4 shows the similarity of decompo-
sition profiles obtained by the HPLC method and microbi-
ological assay. From these results, it can be concluded that
the degradation products are inactive, suggesting cleavage of
the beta-lactam ring of meropenem. The kinetic determina-
tion by microbiological assay indicated that the decomposi-
tion of meropenem proceeds according to a first-order reaction
model, confirming the results described from chromatographic
analysis.

4. Conclusions

The above results showed reliability of HPLC method and
microbiological assay for thermal decomposition kinetic study
of meropenem. Degradation of this antibiotic during ther-
mal processing is found to follow first-order reaction kinet-
ics. The kinetic parameters of degradation rate constant, t1/2
and t90 can be predicted. In this study, extensive thermal
decomposition was observed for meropenem in saline solu-
tion. Consequently, an appropriate thermal protection is recom-
m
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