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ABSTRACT 

The aim of this study was to investigate the stabilities of two kinds of solutions of nafcillin sodium (2.5 mg/mL) in 
0.9% sodium chloride solution (NS, normal saline) and in injectable 5% dextrose water (D5W) in the intravenous elas-
tomeric infusion device (Accufuser®) based on recommended solutions and storage periods. The injectable nafcillin 
solutions (NS- and D5W-nafcillin) in the Accufuser® device were stored and evaluated at controlled temperatures (room 
temperature, RT, 5˚C ± 2˚C and cold temperature, CT, 4˚C ± 2˚C) during 6 weeks. Effects of the periods of storage 
(from 0 to 6 weeks) and the temperatures of storage (RT and CT) on the physicochemical appearances and concentra-
tions of active compounds were determined. The visual clarity, pH, and concentrations of nafcillin sodium were deter-
mined by stability-indicating high-performance liquid chromatography (HPLC)-ultraviolet (UV) detection. The results 
showed that in NS and D5W solutions, the amount of nafcillin slightly changed and remained 92.66% and 97.30% of 
their initial amounts at CT during 6 weeks, respectively. On the other hand, in NS and D5W solutions at RT, the amount 
significantly decreased with time and reached 27.66% and 31.97% of their initial amounts during 4 weeks, respectively. 
Slight decrement of pH was observed in CT storage while significant change was observed in the RT storage. Moreover, 
in CT, no significant changes in physical appearances and colors of the solutions were observed during the study. 
However, the solutions changed into yellowish color and some particles were detected in both kinds of nafcillin solu-
tions (NS and D5W) after 1.5 weeks in RT conditions. To sum up, under CT two kinds of nafcillin sodium solutions 
(NS and D5W) were stable with time in Accufuser® without any significant physical changes and retained almost all of 
the initial concentrations up to 6 weeks. However, the solutions were not stable in RT storage. We suggest that nafcillin 
sodium solutions in an Accufuser® should be preferentially diluted in NS and D5W while storing in CT condition. 
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1. Introduction 

The disposable silicon balloon infusion device (Accufuser®, 
Woo Young Medical Co. LTD., Seoul, South Korea) is a 
well-established simplified silicon-based elastomeric sys-
tem for the administration of antibiotics and other drugs 
or nutrients that are suitable for patients as well as health-
care providers. An increasing number of patients are be-
ing treated as outpatients, and for them, drugs are often 
infused using portable pumps or infusion devices outside 
the hospital [1,2]. The disposable silicon balloon infusion 
device is advantageous in home health care setting be-
cause it is disposable, relatively inexpensive compared to 
electronic pumps, and it is easy for the patient to fill and 
manipulate [3]. The increasing popularity of the use of 
portable infusion devices outside hospital raises the issue 
of the stability of drugs likely to be administered with 
such devices. Conditions surrounding the infusion out- 

side hospitals are very different from the conditions of 
the infusion in hospital settings. Concentrations of drug 
in solution, temperatures of the environment immediately 
outside the drug container, bore of the tubing, and fluid 
flow rates may differ. In contrast to hospital practice, 
infusion-pump drug reservoirs in temporary clinic or 
home care setting are routinely loaded with sufficient 
doses of a drug, which may last for 24 hours or more, 
and it is not easy to check the solutions for the stability 
of the drug content [4]. To be suitable for self-admini- 
stration by home-based patient, the drug should be stable 
in solution for a number of days under home storage 
conditions. Therefore, it is necessary to determine the 
physical and chemical stabilities of the admixtures in the 
infusion system before they are used. The study was 
done with nafcillin sodium solutions made with NS and 
D5W because these are the most available infusion solu-
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tions for nafcillin sodium administration. The purpose of 
this study was to evaluate the physicochemical stability 
of nafcillin sodium (Figure 1) solutions (2.5 mg/mL, 
normal saline, NS and 5% dextrose water, D5W) packed 
in sterile Accufuser® device in which each samples were 
stored and evaluated at appropriate intervals up to 6 
weeks under different storage conditions (room tempera-
ture, RT, 25˚C ± 2˚C and cold temperature, CT, 4˚C ± 
2˚C). 

2. Materials and Methods 

2.1. Materials 

Nafcillin sodium was purchased from Sigma Co., USA. 
Normal saline (NS, 0.9% NaCl in water) and 5% dex-
trose (D5W, injectable 5% dextrose water) were pur-
chased from Choongwae Pharmaceutical Co. Ltd., South 
Korea. Disposable silicon balloon infusion device (Ac-
cufuser®) was obtained from Woo Young Medical Co., 
Ltd, South Korea. Potassium phosphate monobasic was 
purchased from Sigma Co., USA, and all the chemicals 
for HPLC analysis were all HPLC-grade and were pre-
pared immediately before use. 

2.2. Preparation and Sampling of Solutions 

To prepare the test samples, the appropriate amounts of 
nafcillin sodium were added to a portion of the infusion 
solutions and were brought to a final volume of 100 mL 
with NS and D5W. The test solutions were packed in 
sterile Accufuser® system for testing. All manipulations 
were aseptically performed under laminar airflow in a 
biological safety cabinet. The nominal nafcillin sodium 
concentration for the sample used in this testing was 2.5 
mg/mL. The Accufuser® systems were each filled with 
100 mL of drug solution. Triplicate test solutions were 
prepared and stored in RT and CT conditions. After the  

Accufuser® systems were filled, an extension-tubing set 
was attached and primed. About 3 mL of drug solutions 
was collected in a 4 mL glass vial with a Teflon-lined 
screw cap and stored in a freezer at −70˚C until the ana-
lyzing process. One sample (approximately 3 mL) was 
obtained from the distal end of the tubing after 48 h, 1, 2, 
4, and 6 weeks at RT and CT and stored in the manner 
described for the time-zero samples (Table 1). 

2.3. Methods 

The physical stability of the nafcillin sodium solutions 
were assessed by visual examination and HPLC analysis. 
Visual examinations were performed in normal diffuse 
fluorescent room light with unaided eye and high-inten- 
sity monodirectional light. The pH of the solutions was 
measured by a stainless electrode pH meter (Thermo 
Scientific Co., MA, USA). The drug concentrations were 
determined using a stability-indicating HPLC assay method 
based on several references [4-7]. The HPLC system [4, 
7] consisted of an isocratic solvent delivery pump (Model 
515, Waters Scientific Co. USA) which pumped a mix-
ture (v/v, 65/35, pH 3.0) of acetonitrile (ACN, Sigma Co. 
USA) in 0.05M potassium phosphate (Sigma Co. USA)  

 

 

Figure 1. Chemical Structure of nafcillin sodium  
(C21H22N2NaO5S·H2O), MW = 454.47. 

 
Table 1. Study designs for the stability testing of nafcillin sodium solutions in Accufuser® system. 

Conditions 
          Time 
Solutions 

0 h 48 h 1st wk 2nd wk 4th wk 6th wk 

O* O O O O O 

O O O O O O NS 

O O O O O O 

O O O O O O 

O O O O O O 

RT (25˚C ± 2˚C) 

D5W 

O O O O O O 

O O O O O O 

O O O O O O NS 

O O O O O O 

O O O O O O 

O O O O O O 

CT (4˚C ± 2˚C) 

D5W 

O O O O O O 

*O: processed sample, RT: room temperature, CT: cold temperature, NS: normal saline, D5W: 5% dextrose water. 
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as a mobile phase through a Capsell Pak C18 UG120 (4.6 
× 150 mm, 5 μm, Shiseido Co., Japan) column at 1200 
µL/min. The ratio of ACN to 0.05 M potassium phos-
phate (65/35) was held constant during the chroma-
tographic run. The samples of 3.0 µL were injected into 
the HPLC system using an autosampler (Nanospace SI-2, 
Shiseido Co., Japan). The effluent from the column was 
monitored with a variable wavelength ultraviolet detector 
(Nanospace SI-1, Shiseido Co., Japan) at 220 nm. The 
integration of the chromatograms was performed by 
dsCHROM® software (Do-Nam Instrumental Co., Seoul, 
Korea). The method was validated for linearity, precision 
(inter-day and intra-day), accuracy and selectivity [7]. 
The experiment was repeated three times on the same 
day and additionally on two consecutive days to deter-
mine inter- and intra-day precisions. Assays of control 
solutions from nafcillin sodium solutions (2.5 mg/mL) 
were undertaken to calculate the intra-day and inter-day 
variations using external standard method. Linearity was 
evaluated by serial dilutions of nafcillin sodium solutions 
with NS and D5W for analysis. The stability of nafcillin 
sodium infusion solutions was determined in disposable 
Accufuser® infusion device during 6 weeks of storage 
under RT and CT conditions. Periodically, samples were 
evaluated for appearances, visible particles, pH and 
chromatographic analysis. We analyzed the concentra-
tion of nafcillin sodium in two solutions at 0, 48 h, 1, 2, 4, 
and 6 weeks after the preparation of solutions by HPLC- 
UV method. On each day, 1.0 mL of samples of nafcillin 
sodium solution with a nominal concentration were drawn 
from Accufuser® infusion device for chromatographic 
analysis and 3.0 µL were directly injected into HPLC- 
UV system. Three aliquots of each solution were proc-
essed. Statistical analysis was performed using one-way 
ANOVA with the level of significance set at 0.05 (PCS, 
v. 4.0, Springer-Verlag, New York, USA). 

3. Results 

3.1. Method Validation 

The linearity of calibration curves of nafcillin sodium 
solution was established which showed good linearity 
over the range concentration of 0.5 ~ 2.8 mg/mL (r2 =  

0.9951, Figure 2). Table 2 lists the relative standard 
deviation (R.S.D.) data obtained from the analysis of the 
samples on the same day (n = 5) and on consecutive days 
(n = 5). The R.S.D values were <1.26% and <2.35% for 
intra-day and inter-day results, respectively, meaning that 
the method was sufficiently precise. 

3.2. Physical Appearance and pH Status 

There were no significant changes in physical appear-
ances and clarities of the solutions in CT condition. The 
color of the samples was transparent with no color dis-
coloration. Particles were not detected. However, the 
color of NS solutions became opaque after 10 days of 
study in RT condition. After 2 weeks, solutions changed 
into yellowish color and particles were detected. On the 
4th week, the filter of the silicone balloon infuser was 
partially clogged, and the injected samples did not flow 
out with the normal flow rate of 2.0 mL/h. The flow rate 
was less than the half of the normal flow rate. At the 6th 
week, the filter of the silicone balloon infuser was com-
pletely clogged and the injected samples did not flow out 
at all. Similarly, the color of D5W solutions in RT condi-
tion became opaque after 2 weeks of study and changed 
into yellowish color at the 3rd week. At the 4th week, par-
ticles were detected and at the 6th week, the filter of the 
silicone balloon infuser was completely clogged and the 
injected samples did not flow out at all. The pH of D5W 
and NS solutions slightly decreased from 6.84 to 6.06 
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Figure 2. Calibration curve for the determination of nafcil-
lin sodium concentrations in study solutions. Range (0.5 ~ 
2.8 mg/mL), Area = Peak area. 

 
Table 2. Intra-day and Inter-day precision studies (n = 5). 

RT Nafcillin (25˚C ± 2˚C) CT Nafcillin (4˚C ± 2˚C)                         Group 
Parameter D5W NS D5W NS 

Accuracy (%) 94.86 ± 1.47* 94.90 ± 2.10 94.94 ± 0.92 95.38 ± 0.81 
Intra-day (n = 5) 

CV (%) 1.22 ± 0.67 0.73 ± 0.62 1.26 ± 0.70 0.69 ± 0.64 

Accuracy (%) 94.94 ± 0.92 95.38 ± 0.81 94.86 ± 0.37 94.90 ± 0.23 
Inter-day (n = 5) 

CV (%) 1.26 ± 0.70 0.69 ± 0.64 1.94 ± 0.22 2.35 ± 0.20 
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and from 6.51 to 5.87 in the CT condition, but signifi-
cantly (p < 0.05) decreased from 6.85 to 4.49 and from 
6.57 to 4.11 in the RT condition during 6 weeks (Table 3). 

3.3. Concentration 

The typical HPLC chromatogram of nafcillin sodium 
(2.5 mg/mL) is shown in Figure 3. The retention time for 
nafcillin sodium was about 10.2 min. The initial concen- 

tration and the percentage of the remaining concentration 
which were observed at analytic time during 6 weeks for 
each nafcillin sodium solutions and storage conditions 
are listed in Table 4. The concentration of nafcillin so-
dium decreased significantly with time and reached 
31.97% in D5W and 27.66% in NS after 4 weeks under 
RT condition. However, 97.30% of initial concentration 
remained in D5W and 92.66% remained in NS under CT 
condition. 

 
Table 3. The change of pH (Mean ± SD, %) of nafcillin sodium solutions according to the time of storage. 

RT1) Nafcillin (25˚C ± 2˚C) CT2) Nafcillin (4˚C ± 2˚C) 

D5W
3) NS4) D5W NS 

       Group 
Time 

Concentration (%) Concentration (%) Concentration (%) Concentration (%) 

0 h 6.85 ± 0.03 (100.00) 6.57 ± 0.03 (100.00) 6.84 ± 0.02 (100.00) 6.51 ± 0.05 (100.00) 
48 h 6.26 ± 0.04 (91.38) 5.97 ± 0.03 (90.87) 6.76 ± 0.03 (98.83) 6.30 ± 0.01 (96.77) 
1 wk 5.81 ± 0.01 (84.82) 5.30 ± 0.02 (80.67)* 6.72 ± 0.04 (98.25) 6.29 ± 0.01 (96.62) 
2 wks 5.40 ± 0.04 (78.83)* 4.71 ± 0.06 (71.69)* 6.58 ± 0.03 (96.20) 6.11 ± 0.02 (93.86) 
4 wks 5.12 ± 0.01 (74.74)* 4.50 ± 0.01 (68.49)* 6.40 ± 0.01 (93.57) 5.92 ± 0.02 (90.94) 

6 wks 4.49 ± 0.00 (65.17)* 4.11 ± 0.00 (62.56)* 6.06 ± 0.10 (88.60) 5.87 ± 0.04 (90.17) 
1)RT: room temperature, 2)CT: cold temperature, 3)D5W: 5% dextrose, 4)NS: normal saline, *p < 0.05 vs 0 h. 

 
Table 4. The retention of the amount (%) of nafcillin sodium in solutions (NS and D5W) according to each storage tempera-
ture (RT and CT) and time (0 ~ 6 weeks). 

RT nafcillin sodium (25˚C ± 2˚C) CT nafcillin sodium (4˚C ± 2˚C)            Group 
Time D5W NS D5W NS 

0 hr 100.00 ± 1.97 100.00 ± 0.89 100.00 ± 2.34 100.00 ± 0.41 
48 hr 101.47 ± 0.44 100.81 ± 0.39 97.61 ± 0.90 96.26 ± 0.41 

1 week 95.47 ± 2.05 90.99 ± 1.15 96.59 ± 0.21 95.44 ± 0.18 
2 weeks 90.20 ± 0.58 79.58 ± 0.71* 99.57 ± 0.39 97.77 ± 0.10 
4 weeks 31.97 ± 0.07* 27.66 ± 0.12* 97.23 ± 1.21 94.41 ± 0.65 
6 weeks 0 0 97.30 ± 1.65 92.66 ± 0.81 

 

 

Figure 3. Typical chromatogram of standard solutions (NS and D5W) containing nafcillin sodium of 2.5 mg/mL, Y-axis (Ab-
sorbance Units), X-axis (Retention Time, min). 
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4. Discussion and Conclusion 

Drugs that are altered from their original form (e.g. di-
luted, reconstituted or mixed with other drugs) or ali-
quoted into a new container do not usually keep their 
original expiration dates. Diluting, mixing, or transfer-
ring to a new container may cause the drugs to lose po-
tency and degrade due to changes in pH, buffering, at-
mosphere (some drugs are packed under special gases 
such as argon or nitrogen), or precipitation. In addition, 
drugs that are kept in a sealed, sterile container may be 
contaminated and subjected to bacterial degradation [8]. 
Over the past 20 years, outpatient parenteral anti-micro- 
bial therapy has proved to be effective, safe, and eco-
nomical for patients with a wide range of infectious dis-
eases [9,10]. Outpatient parenteral anti-microbial therapy 
exemplifies the change of focus from inpatient care to 
outpatient, ambulatory care. A great number of new modi-
fied catheters and infusion devices are available. There-
fore, further studies of drug stability under conditions of 
the usage of various infusion devices are necessary [11]. 
Stability of drug in solutions is highly influenced by 
many factors, including temperature, pH, medium and 
final concentration. Stability is defined as the retention of 
>90% of the initial drug concentration. If any drug or 
drug mixture is aliquoted into an unsealed or non-sterile 
container or if it is contaminated by non-aseptic tech-
nique, it would have a maximum of 24-hour expiration 
period unless it immediately becomes frozen. Frozen 
aliquots can usually be kept indefinitely (at –90˚C), but 
once thawed, they have a maximum of 24-hour shelf life. 
IV fluids (e.g. NS, lactated Ringers) expire after 24 hours 
of opening if kept unrefrigerated, and may be kept up to 
1 week if refrigerated. The stability of nafcillin sodium 
(20 mg/L) in normal saline solution maintained for 24 
hours, 4 days and 12 weeks in the three storage tempera-
ture of RT, CT and –20˚C, respectively [3]. Ascertaining 
the stability not only ensures that the active ingredient(s) 
are present, but also limits the concentrations of degrada-
tion products, which may have toxicological significance 
[12,13]. Therefore, stability-indicating assays for labeled 
active ingredients in dosage forms are essential for the 
safety of such formulations [14]. In this study, we tried to 
investigate the more various serial periods of storage 
conditions and to confirm stability of low concentration 
of nafcillin sodium (2.5 mg/mL) because of improvement 
of range of options of storage period and concentrations 
of nafcillin sodium in clinical situations than other papers 
[3,4,11]. Table 4 presents the better stability of nafcillin 
sodium in D5W under CT than NS under RT condition. 
Storage temperature may be the main effect on drug sta-
bility. It shows the maintenance of its stability during 2 
weeks and 1 week in the NS and D5W solution, respec-
tively under RT condition and 6 weeks in both solutions 
under CT condition. 
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