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1. INTRODUCTION 

 

The rise of multidrug-resistant gram-negative bacte-

rial infections poses a significant challenge in healthcare 

settings worldwide. Effective antimicrobial agents are 

essential for combating these infections, and the adminis-

tration of antibiotics via extended infusion has gained 

attention as a strategy to optimize therapeutic outcomes1. 

In this study, we focus on two important antibiotics, 

meropenem and imipenem, which are commonly used 

for extended infusion administration in the treatment of 

multidrug-resistant gram-negative infections1-5. 

Meropenem is a broad-spectrum antibiotic that exhi-

bits potent activity against gram-negative pathogens, inclu-

ding multidrug-resistant strains. The percentage of time 

above the minimum inhibitory concentration (%T > MIC) 

is a critical pharmacokinetic/pharmacodynamic (PK/PD) 

parameter that correlates with the therapeutic efficacy of 

meropenem2. Extended or continuous infusion of mero-

penem has been shown to enhance the %T > MIC, thereby 

improving treatment outcomes2. Previous studies have 

investigated the stability of meropenem during extended 

infusion, particularly at room temperature, and have high-

lighted the importance of maintaining its stability in dif-

ferent concentrations and environmental conditions3-4. 

Imipenem is another valuable antibiotic for the treat-

ment of multidrug-resistant gram-negative infections. It 

remains active against a wide range of gram-negative and 

gram-positive pathogens, making it an essential choice for 

clinicians, particularly in critically ill patients. Similar to 

meropenem, the %T > MIC is a crucial PK/PD parameter 

for imipenem, emphasizing the significance of extended 

infusion administration5. However, maintaining the stabi-

lity of imipenem during extended infusion, especially under 

specific temperature conditions, poses challenges that need 

to be addressed. 
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ABSTRACT 

 

The stability of antibiotic solutions is a critical factor influencing their efficacy during extended infusion 

administration. This study investigates and compares the stability of imipenem and meropenem solutions in 0.9% 

sodium chloride at two temperatures—25°C and 30°C—over a 6-hour period. Imipenem and meropenem solutions, 

each at a concentration of 10 mg/mL, were prepared and incubated, and samples were collected at various intervals. 

High-performance liquid chromatography (HPLC) was employed to analyze the remaining antibiotic concentrations. 

Statistical analyses, including t-tests, were conducted to assess stability at different time points and temperatures. 

Results revealed that, at 25°C, meropenem solutions maintained stability above 90% throughout the 6-hour dura-

tion, while imipenem solutions showed a significant decrease after 3 hours. At 30°C, meropenem solutions remained 

stable for 4 hours, whereas imipenem solutions rapidly declined below 90% within 1 hour. Comparison between 

the two antibiotics demonstrated that meropenem exhibited significantly higher stability at 4 and 6 hours at both 

temperatures (p<0.05). In conclusion, this study offers crucial insights into the stability profiles of imipenem and 

meropenem during extended infusion. Meropenem emerged as the preferred choice due to its superior stability, 

emphasizing the importance of temperature considerations in administration and the necessity for proper storage 

and handling to preserve antibiotic stability.  
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Extended infusion, defined as infusion times of three 

hours or longer6, is commonly employed in patients with 

severe infections or those caused by multidrug-resistant 

bacteria to enhance antibiotic exposure and efficacy. Both 

meropenem and imipenem are antibiotics frequently 

administered via extended infusion. Imipenem is typically 

given as 3- to 4-hour infusions every 6 to 8 hours, while 

meropenem infusions are usually administered every 8 

hours6. The stability of meropenem and imipenem solu-

tions during extended infusion is crucial for ensuring 

optimal therapeutic efficacy. Although previous studies3-

5 have provided valuable insights into the stability of these 

antibiotics, there is still a need to evaluate their compa-

rative stability, particularly under different temperatures. 

Understanding the comparative stability profiles of mero-

penem and imipenem is vital for guiding clinical practice, 

facilitating informed decision-making, and improving 

patient outcomes. 

Therefore, the objective of this study is to investigate 

and compare the stability of meropenem and imipenem 

solutions during extended infusion administration. We 

aim to assess their stability under various temperatures, 

simulating real-world clinical conditions. The findings of 

this study will contribute to a better understanding of the 

comparative stability profiles of these antibiotics, provi-

ding valuable information for healthcare professionals 

involved in the management of multidrug-resistant gram-

negative infections.  

 

2. MATERIALS AND METHODS 

 

2.1. Chemicals and instrumentation 

 

Meropenem for injection product (1 g/vial) in pure 

powder form was obtained from AstraZeneca and imipe-

nem powder for IV injection was available in 0.5-g vials 

was from MSD. Both meropenem and imipenem reference 

standard was from Fluka. For the preparation of solutions 

and analysis, the following chemicals and reagents were 

used: 0.9% sodium chloride solution in PVC bags from 

GHP, Thailand; potassium dihydrogen phosphate from 

BDH Laboratory Supplies; orthophosphoric acid from 

Merck. All solutions used in HPLC analysis were HPLC-

grade, including acetonitrile and water from RCI Lab 

Scan. 

The analysis of both meropenem and imipenem 

solutions was performed using a high-performance liquid 

chromatography (HPLC) system. The HPLC system 

employed in this study was equipped with an LC-20AD 

pump, a UV/Vis detector, an autosampler, a column oven, 

a degassing unit, and an LC solution integrator. The 

HPLC analysis utilized a reverse-phase technique, 

employing a C18 column with a particle size of 5 μm 

and dimensions of 250×4.0 mm for both meropenem and 

imipenem analysis. The mobile phase was specifically 

ratio of acetonitrile and buffer, pH and elusion isocratic 

flow rate for meropenem or imipenem as the following. 

For meropenem mobile phase consisted of 30 mM 

monobasic phosphate buffer and acetonitrile (90:10 v/v), 

adjusted to pH 3.0 with ortho-phosphoric acid, with flow 

rate of 1.0 ml/min. For imipenem mobile phase flow rate 

of 1.0 mL/min, consisting of 95:5 v/v ratio of acetonitrile 

and 1 mM KH2PO4 buffer, pH 6.8. The UV/Vis detectors 

were set at 298 and 300 nm for meropenem and imipe-

nem, respectively. The HPLC system was operated at a 

constant temperature of 25°C. Injection volume of both 

meropenem and imipenem solution were 10 µL. Runtime 

was 15 minutes for meropenem and 6 minutes for imipe-

nem. A 10.5 minutes and 6 minutes were retention time 

of meropenem and imipenem, respectively. All samples 

were incubated at controlled temperatures using a tempe-

rature controller cabinet (LHL-112 model) from ESPEC 

engineering, Amatacity Chonburi Industrial Estate, 

Thailand. 

 

2.1.1. Preparation of Sample Solutions and Analytical 

Method 

 

For the meropenem sample solutions, vials con-

taining 1 g of meropenem were reconstituted with HPLC-

grade water. The resulting concentration was 100 mg/mL. 

To prepare the final sample concentrations of 10 mg/mL, 

the reconstituted vials were further diluted with 0.9% 

sodium chloride solution in PVC bags. Three replicate 

solutions were prepared for each concentration, and 

samples were collected at specific time intervals after 

incubated at 25 or 30°C in temperature-controlled cabinet. 

For the imipenem sample solutions, 0.5-g vials of 

imipenem were reconstituted with HPLC-grade water. 

The resulting solutions were further diluted with 0.9% 

sodium chloride solution to obtain concentrations of 10 

mg/mL. Three replicate solutions were prepared for each 

concentration, and after incubated at 25 or 30°C in 

temperature controlled cabinet samples were collected 

at prespecify time intervals. 

All collected samples were analyzed using the 

HPLC system. Aliquots 10 µL of samples were injected 

into the HPLC column, and the concentration of the 

injected sample was determined by comparing the peak 

area against the calibration curve. 

 

2.1.2. Preparation of Reference Standard Solution and 

Calibration Curve 

 

The HPLC analytical methods used for meropenem 

and imipenem analysis were validated by determining 

the linearity, precision, and accuracy. The linearity of the 

calibration curves was evaluated by calculating the co-

efficient of determination (r2). The precision was assessed 

by determining the % coefficient of variation (% CV), 

while the accuracy was determined by calculating the 

mean recovery within the acceptable range. The accep-
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tance criteria for imipenem regarding linearity, precision, 

and accuracy were set as follows: r2 > 0.998, %CV < 10%, 

and an average recovery of 98-102%7-8. For meropenem, 

the acceptance criteria were defined as r2 > 0.998, %CV 

< 2%, and a mean recovery of 98-102%7,9. 

 

Imipenem 

 

A 5.0 mg imipenem reference standard was precisely 

weighed and added to a 25 mL volumetric flask. The 

reference standard was dissolved in HPLC-grade water 

to create a stock solution. From the stock solution, a 0.25 

mL aliquot was diluted with 10 mL of HPLC-grade water, 

resulting in a concentration of 50 µg/mL. To generate the 

calibration curve, final concentrations of 5, 10, 20, 40, and 

50 µg/mL were prepared following the previously des-

cribed dilution method. The calibration curve was plotted 

by correlating the peak area against the concentrations 

of the imipenem reference standard ranging from 5 to 50 

µg/mL. To validate the method, the linearity, 

precision, and accuracy of the calibration curve were 

determined using the imipenem reference standard 

with concentra-tions ranging from 5 to 50 µg/mL. The 

HPLC analytical method for imipenem followed the 

protocol established by Tissel et al.10, Srinivasan et 

al.11, and Swanson et al.12. 

 

Meropenem 

 

A total of 10 mg of meropenem reference standard 

was accurately weighed and added to a 10 mL volumetric 

flask. The reference standard was dissolved in HPLC-

grade water, resulting in a stock solution. From the stock 

solution, a 0.1 mL aliquot was diluted to 100 mL in HPLC-

grade water, yielding a concentration of 20 µg/mL. For 

the calibration curve, final concentrations of 20, 40, 60, 

80, 100, and 120 µg/mL were prepared using the previously 

described dilution method. The calibration curve was 

plotted by correlating the peak area against the concen-

trations of the meropenem reference standard ranging 

from 20 to 120 µg/mL. The HPLC analytical method for 

determining meropenem in the solution followed the 

protocol described by Mendeza et al.9 To validate the 

method, the linearity, precision, and accuracy of the 

calibration curve were determined using the meropenem 

reference standard with concentrations ranging from 20 

to 120 µg/mL. 

 

2.2. Data Analysis 

 

The data analysis involved comparing the stability 

of imipenem and meropenem at different time points. The 

results were presented as the mean percentage with stan-

dard deviation of imipenem compared to meropenem at 

each corresponding time point. The stability of the samples 

was determined by comparing the mean percentage of 

imipenem and meropenem to the control (0 hour), with 

samples considered stable if the mean percentage remained 

higher than 90% according to the U.S. Pharmacopeia13. 

To assess the differences between imipenem and 

meropenem at each time point, a t-test with equal variance 

was conducted. Additionally, a T-test was used to compare 

the percentages of imipenem and meropenem remaining 

at 6 hours at temperatures of 25 and 30°C. 

The significance levels for all analyses were set at 

<0.05 to determine statistical significance. The data 

analysis was performed using Stata software, version 14 

(Stata Corp, College Station, TX, USA). 

 

3. RESULTS 

 

3.1. Validation analytical method 

 

The analytical method validations for meropenem 

met the acceptance criteria, with the calibration curve 

showing linearity in the range of 20-120 µg/mL, r2 > 0.999, 

%CV of 1.6-2.0%, and an average recovery of 98.18-

100.18%. 

For imipenem, the analytical method validations also 

met the acceptance criteria, with the linearity, precision, 

and accuracy being established as r2 > 0.998, %CV of 3.76-

6.24%, and an average recovery of 99.05-101.17%. 

 

3.2. Stability of Imipenem and Meropenem at 25°C 

 

The stability of meropenem and imipenem solutions 

at a concentration of 10 mg/mL was assessed at 25°C. 

Results showed that meropenem solutions remained stable 

(>90%) for up to 6 hours when stored at this temperature 

(Table 1). In contrast, the 10 mg/mL imipenem solution 

 
Table 1. The mean percentage±SD of imipenem versus meropenem at 25°C compared with the initial concentration. 
 

Time (Hours) Mean Percentage±S.D. p-value 
 10 mg/mL  
 Imipenem Meropenem  

0 100.00±0.00 100.00 0.000 

1   96.42±0.58   97.92±2.08 0.295 

2   94.99±1.97   94.87±3.75 0.963 

3   93.63±3.06   94.83±2.32 0.617 

4   88.63±3.92   95.91±0.52 0.033 

6   84.67±0.05   92.34±3.88 0.027 
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Figure 1. Stability of imipenem (I) (10 mg/mL) and meropenem (M) (10 mg/mL) in 0.9% sodium chloride solution incubated at 25°C for 6 hours. 

 

Table 2. The mean percentage±SD of imipenem versus meropenem at 30°C compared with the initial concentration. 
 

Time (Hours) Mean Percentage±S.D. p-value 
 10 mg/mL  
 Imipenem Meropenem  

0 100.00 100.00  

1 84.22±2.29 96.96±0.84 0.001 

2 75.00±1.32 92.03±4.10 0.002 

3 76.35±0.11 92.07±2.83 0.001 

4 71.76±1.95 90.24±2.09 0.001 

6 70.07±2.40 84.52±5.04 0.011 

 

Table 3. Differences between percentages of imipenem and meropenem solutions that were stored at 25 and 30°C for 6 hours compared with 

the initial concentration. 
 

Mean Percentage±S.D. Temperature (°C) 
 25 30 p-value* 

Imipenem 92.34±3.88 84.67±0.05 0.027 

Meropenem 84.52±5.04 70.07±2.40 0.011 

 

exhibited stability for only 3 hours at 25°C (Table 1) 

(Figure 1). A comparison between meropenem and imipe-

nem revealed that meropenem exhibited significantly 

higher stability than imipenem at 4 and 6 hours (p<0.05). 

 

3.3. Stability of Imipenem and Meropenem at 30°C 

 

The stability of meropenem and imipenem solutions 

at a concentration of 10 mg/mL was evaluated at 30°C. 

Findings demonstrated that meropenem solutions 

remained stable (>90%) for up to 4 hours when stored 

at this temperature (Table 2). Conversely, the 10 mg/mL 

imipenem solution exhibited stability for less than 1 

hour at 30°C (Table 3) (Figure 2). Comparison between 

meropenem and imipenem indicated that meropenem 

displayed significantly higher stability than imipenem at 

1, 2, 3, 4, and 6 hours (p<0.05) (Table 3). 

 

4. DISCUSSION 

 

These findings highlight the temperature-dependent 

degradation of imipenem and meropenem solutions. 

Meropenem displayed superior stability compared to 

imipenem at both temperatures, indicating its potential 

for extended infusion administration. At 25°C, both 

imipenem and meropenem solutions exhibited a gradual 

decline in stability over time. Meropenem demonstrated 

higher stability, remaining above 90% for the entire 6-hour
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Figure 2. Stability of imipenem (I) (10 mg/mL) and meropenem (M) (10 mg/mL) in 0.9% sodium chloride solution incubated at 30°C for 6 hours. 

 

duration. In contrast, imipenem showed a faster decrease 

in stability, falling below 90% after 3 hours of incubation. 

Similarly, at 30°C, the stability of imipenem and mero-

penem solutions declined over time. Meropenem main-

tained stability above 90% for 4 hours, whereas imipenem 

experienced a more rapid decrease, dropping below 90% 

within 1 hour. These findings highlight the temperature-

dependent degradation of imipenem and meropenem 

solutions. Meropenem displayed superior stability com-

pared to imipenem at both temperatures, indicating its 

potential for extended infusion administration. 

Extended infusion is recommended for meropenem 

and imipenem to achieve optimal pharmacokinetic/phar-

macodynamic (PK/PD) properties and improve therapeutic 

efficacy1,2,14. However, the stability of these antibiotics 

can be affected by various factors, including temperature15. 

Our study examined the stability of meropenem 

and imipenem solutions at 25°C and 30°C, focusing on 

concentrations commonly used in clinical practice. The 

results revealed significant differences in stability between 

the two antibiotics at both temperatures. Some studies 

show the concentration of meropenem in the infusion bag 

to be 4-8 mg/mL. However, we chose to study the stability 

of meropenem at a concentration of 10 mg/mL because 

this concentration is commonly used in clinical practice. 

In our study, we aimed to mimic real-world conditions 

by preparing the solutions in a manner consistent with 

clinical protocols. Specifically, vials containing 1 g of 

meropenem were reconstituted to achieve a concentration 

of 10 mg/mL, and these solutions were further diluted 

with 0.9% sodium chloride solution in PVC bags (100 

mL). This concentration reflects the typical range used 

in clinical settings and allows us to assess the stability 

of meropenem under conditions that are relevant to its 

practical use. 

Moreover, we chose to study the stability of imipe-

nem and meropenem solutions at 25°C and 30°C because 

these temperatures are commonly encountered in clinical 

settings and are relevant for extended infusion adminis-

tration. 

Thailand, being a tropical country, typically expe-

riences temperatures above 25°C during the daytime. 

While temperatures in a room without air conditioning 

can reach 32°C to 37°C4, our selected temperatures repre-

sent a range that is both practical and reflective of typical 

storage conditions in healthcare facilities4. 

Meropenem demonstrated higher stability than 

imipenem at 25°C. The meropenem solutions remained 

stable (>90%) for up to 6 hours, whereas the imipenem 

solution at the same concentration exhibited stability for 

only 3 hours. These findings are consistent with previous 

studies that reported the temperature-dependent degrada-

tion of meropenem. Berthoin et al.15 found that merope-

nem at 40 mg/mL degraded faster at higher temperatures, 

with a 10% degradation observed in 12 hours at 25°C, but 

only 6 hours at 37°C15. 

Similarly, at 30°C, meropenem exhibited greater sta-

bility than imipenem. The meropenem solutions remained 

stable (>90%) for up to 4 hours, while the imipenem 

solution showed stability for less than 1 hour. Keel et al.16 

and Viaene et al.17 also reported temperature-dependent 

degradation of imipenem. Keel et al.16 observed a 10% 
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degradation of 5 mg/mL imipenem in 6, 4, and 3 hours 

at 30°C, 35°C, and 40°C, respectively16. Viaene et al.17 

found that imipenem experienced a 10% degradation at 

25°C and 37°C after 3.5 and 2.75 hours, respectively17. 

A preliminary analysis18 of meropenem stability 

using quantitative HPLC at 22°C and 33°C revealed that 

meropenem concentrations decreased to 90% of their 

starting concentration after 7.4 and 5.7 hours, respectively. 

Meropenem may be continuously infused for at least 7 

hours if the temperature does not exceed 22°C and for 5 

hours if the temperature does not exceed 33°C, even 

though the results indicate that meropenem should not 

be continuously infused for more than 24 hours19. This 

aligns with our findings, which suggest that meropenem 

can be administered for at least 6 hours at 25°C and 4 

hours at 30°C but not continuously over a 24-hour period. 

In a retrospective observational study19 on the adminis-

tration of 1% concentration of continuous infusion (CI) 

meropenem (infused over 8 or 12 hours), the stability 

experiment using 1% meropenem at room temperature 

showed that in 22 individuals, a median serum concen-

tration of 17.8 mg/L (interquartile range, 9.3-27.8 mg/L) 

was obtained with a meropenem daily dose of 6 g/day 

(range 2-6 g/day). When given as CI, meropenem pro-

duced free drug concentrations that were at or above the 

pathogen's minimum inhibitory concentration (MIC) in 

95% of cases. Clinical cure was achieved in 80% of the 

patients in this review. At the conclusion of the 12-hour 

dosing interval, the stability experiment showed very 

little drug breakdown19. Regarding the investigation of 

the effects of temperature and concentration on imipenem 

stability20, a 0.9% sodium chloride solution containing 

10 mg/mL and 5 mL of imipenem was prepared using 

imipenem injection powder. PVC bags containing the 

prepared solutions were kept at 25, 30, and 40°C. At 

25°C, imipenem solution remained stable for 3-6 hours at 

a concentration of 10 mg/mL. Additionally, at 30°C and 

40°C, imipenem solutions at a concentration of 10 mg/mL 

were stable for less than an hour20. Our study, consistent 

with previous studies18-20 on the stability of imipenem and 

meropenem solutions, found that increasing temperature 

resulted in decreased stability of imipenem compared to 

meropenem, highlighting the importance of considering 

temperature and concentration when administering this 

drug by extended infusion. 

Our study provides novel insights by comparing the 

stability of imipenem and meropenem at high tempera-

tures. The data show that imipenem is more susceptible 

to degradation compared to meropenem. The percentages 

of imipenem remaining in the 10 mg/mL preparation 

exhibited more than a 10% reduction after 4 hours of 

incubation at 25°C and after 1 hour at 30°C, compared 

to meropenem. 

These findings highlight the importance of conside-

ring the stability of antibiotics during extended infusion 

administration, particularly when exposed to higher 

temperatures. Maintaining the stability of the antibiotic 

solutions is crucial to ensure adequate drug concentra-

tions and efficacy in clinical settings. 

Despite the valuable insights provided by this study, 

there are certain limitations that should be acknowledged. 

First, the stability of meropenem and imipenem solutions 

was assessed only at two specific temperatures, namely 

25°C and 30°C. Other temperature conditions that may 

be encountered in real-world clinical settings were not 

explored. Therefore, caution should be exercised when 

extrapolating these findings to other temperature ranges. 

Moreover, it is important to note the potential for tempe-

ratures to fluctuate and exceed 30°C in climate zone 

IVb. This factor should be acknowledged as it reflects 

the broader environmental conditions that could affect 

the stability of these antibiotic solutions, thus potentially 

limiting our study. 

Second, the study focused on the stability of 

meropenem and imipenem solutions at concentrations 

commonly used in clinical practice. While this approach 

provides relevant information, it is important to note that 

stability may vary for different concentrations. Further 

investigations involving a wider range of concentrations 

would provide a more comprehensive understanding of 

the stability profiles. 

Additionally, this study evaluated the stability of 

meropenem and imipenem solutions over a relatively 

short duration (up to 6 hours). Longer-term stability 

beyond this time frame was not investigated. Future 

studies examining the stability of these antibiotics over 

extended periods would be valuable in informing clinical 

practice. 

Lastly, it is important to consider that the stability of 

meropenem and imipenem can be influenced by factors 

other than temperature, such as pH, light exposure, and 

specific storage conditions. These factors were not speci-

fically addressed in this study, and their potential impact 

on stability warrants further investigation. 

Despite these limitations, the findings of this study 

contribute valuable insights into the comparative stability 

of meropenem and imipenem solutions for extended 

infusion administration. Further research addressing the 

aforementioned limitations would enhance our under-

standing of the stability profiles of these antibiotics and 

guide their optimal use in clinical practice. 

 

5. CONCLUSION 

 

In conclusion, our study contributes to the under-

standing of the stability profiles of meropenem and 

imipenem solutions for extended infusion administration. 

The results emphasize the superior stability of meropenem 

compared to imipenem at both 25°C and 30°C. Clinicians 

should consider these findings when selecting antibiotics 

for extended infusion regimens and take measures to en-

sure appropriate storage and handling to maintain stability. 
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