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INTRODUCTION

		  rugs used in pediatrics are often not available 
		  in suitable dosage forms, so liquid orals are easiest
		  to administer for patients who cannot swallow or 
have swallowing difficulty of solid dosage forms including
the pediatric patients. Modification of the solid dosage 
form is necessary. The solid dosage form which is com-
monly used in the pediatric or adult patient who cannot 
swallow is diuretic such as furosemide, spironolactone, 
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ABSTRACT

Objective: This study aimed to evaluated the stability of 3 extemporaneous oral liquid formulations such as 2 mg/ml syrup 
of furosemide, 2 mg/ml suspension of spironolactone and 10 mg/ml suspension of hydrochlorothiazide in storage conditions 
with container lid closure. 
Methods: Three batches of 3 extemporaneous formulations were prepared. Each batch was stored in light-resistant containers
of 60 ml with child-resistant caps. All of these preparations were stored in at the refrigerator (5 ± 3ºC). The physical, chemical 
and microbiological stability was evaluated for 1 year, 2 months and 1 month for furosemide syrup, spironolactone suspension 
and hydrochlorothiazide suspension, respectively. 
Results: At least 90 percent of the initial furosemide concentration remained after 360 days in furosemide syrup. Spironolac-
tone and Hydrochlorothiazide suspension declined to lower than 90 percent in 60 days and 30 days, respectively.  There were 
no detectable changes in color, odor, pH and the microbiological tests were negative in all preparations.   
Conclusion: In light-resistant containers and 5 ± 3ºC condition, furosemide syrup, spironolactone and hydrochlorothiazide 
suspension were stable for  360, 60 and 30 days, respectively. These results should be introduced into the hospital pharmacy 
to set the new expiration date of these 3 preparations which are commonly used in the pediatric patient.The original expiry 
date of the medicine was for 30 days after production. This study found that the drug lasted longer, so the expiry date of the 
drug should be longer.
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and hydrochlorothiazide, so the extemporaneous prepara-
tion was prepared by pharmacists. 
	 Furosomide, spironolactone and hydrochlorothiazide 
are potent diuretics used in treatment of oedematous states 
associated with cardiac, renal, and hepatic failure and the 
treatment of hypertension. Furosemide is commercially 
available as tablets, and injection. Furosemide is available
in 40 mg and 500 mg tablets for oral adminstration, and 
20 mg/2 ml and 250 mg/25 ml solution for injection in 
Siriraj Hospital. Spironolactone is available in 25 mg and 
100 mg tablets, and hydrochlorothiazide is available in 25 
mg and 50 mg tablets.1,2 At Siriraj Hospital, 2 mg/ml syrup 
of furosemide, 2 mg/ml suspension of spironolactone 
and 10 mg/ml suspension of hydrochlorothiazide were 
available, but their stability may be problematic and the 
pharmacist has to determine the expiration date and the 
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appropriate storage conditions of the extemporaneous 
preparations. After review of the literature, we found that 
most extemporaneous suspensions were stable for  30 or 
60 or 90 days.3-14 For example, furosemide liquid formu-
lation was stable for 30 or 60 days in different diluents9 
Oral liquid furosemide repackaged in either polypropy-
lene oral syringes or glass vials can be stored at 4ºC and 
25ºC, respectively, for 180 days with less than 10% loss 
of potency.15 The expiration date of prepared medicine in 
Siriraj Hospital has been set at the expiration of 30 days 
from the date of manufacture to reduce the risk that the 
medicine is not effective in the treatment and patients 
receiving deteriorated drugs. We are without information 
on the stability from pharmaceutical support. The expira-
tion date of the medicine may last longer days or shorter 
days than that. In this study, we evaluated the physical, 
chemical, and microbiological stability of furosemide, 
spironolactone, and hydrochlorothiazide liquid formula-
tions under refrigerated condition (5 ± 3ºC).  We prepared 
3 batches for all preparation for the study to compare the 
difference of batches and 5 samples per batch to measure 
the stability.16,17 

MATERIALS AND METHODS

	 Three batches of 3 extemporaneous formulations 
were prepared. Each batch was stored in light-resistant 
containers (Polyethylene terephthalate bottle) of 60 ml 
with child-resistant caps. All of preparations were stored 
in at the refrigerator (5 ± 3ºC). The physical, chemical 
and microbiological stability was evaluated for 1 year, 2 
months and 1 month of furosemide syrup, spironolactone 
suspension and hydrochlorothiazide suspension, respec-
tively.

Stability evaluation
	 For all extemporaneous preparations we evaluated 
the stability by using 3 batches to compare the difference 
of batches and 5 samples per batch to measure the stabi-
lity, at the above mentioned temperature and conditions. 

Chemicals and reagents
	 Furosemide powder (Siam Pharmaceutical Co. Ltd., 
Bangkok), tablets containing 25 mg of spironolactone 
(Berlin Pharmaceutical Industry, Bangkok) and hydro-
chlorothiazide tablet 50 mg (Government Pharmaceuti-
cal Organization, Bangkok), furosemide syrup 2 mg/ml, 
spironolactone suspensions 2 mg/ml and hydrochlorothia-
zide suspension 10 mg/ml (Pharmaceutical Production, 
Siriraj Hospital) were used. Ultra pure water, methanol 
(HPLC grade), ammonium formate, potassium dihydrogen 
ortrophosphate, acetonitrile AR, grade, and formic acid 
(Darmstadt, Germany), were also used. All unspecified 
chemicals and reagents were reagent grade or equivalent 
(Merck, Darmstadt, Germany).

Chemical stability study
Preparation of standard solution and standard curve
	 On each day of sample analysis, a 1,000 µg/mL stock 
solution of analytical grade furosemide, spironolactone 

and hydrochlorothiazide was prepared by accurately 
weighing furosemide 10 mg by dissolving this drug in 
20 mL of 50% methanol/mobile phase, spironolactone 
25 mg tablet by dissolving this drug in 5 mL of methanol
and diluting with 70% acetonitlile/mobile phase and          
hydrochlorothiazide tablet 50 mg by dissolving this drug in
5 mL of methanol: ultra pure water (45:55 V/V) sonicating
for 10 minutes, and diluting with 50% methanol. Standard 
samples were prepared by diluting appropriate volumes of 
the stock solution with 50% methanol to obtain concen-
trations of 10, 25, 50, 100, 250 and 500 µg/mL. The stan-
dard curve (n=3) was constructed on each day by plotting 
the peak area against the concentration and was used for 
calculating the drug concentration of the sample. The 
standard curve was linear over the working range of 
concentrations. Three concentrations at 10, 25, and 250 
µg/mL were assayed in triplicate for LOD and LOQ for 
repeatability and relative error.

Analytical method
	 The ultra performance liquid chromatography 
(UPLC) technique was used for analysis of furosemide, 
spironolactone and hydrochlorothiazide concentration in 
the preparation. 
	 For furosemide, the reverse phase UPLC (Waters, 
Milford, USA) in Waters ACQUITY UPLC HILIC 2.1x10 
mm. x 1.7 µm. was used. Column temperature was 30ºC 
with Mobile phase A: 0.1M HCOONH4 (pH 3.8 formic 
acid) B, and acetonitrile, flow rate 0.25 ml/min with  
detector: PDA at 235 nm and resolution 1.2 nm using 
injection 0.1 µl.
	 The furosemide syrup 2 mg/ml was vigorously 
shaken by hand for 30 seconds. Then, from each bottle, a 
100 µL sample was drawn from approximate center of the 
remaining liquid and transferred into a 1-mL centrifuge 
tube. Then, 900 µl of 50% methanol / mobile phase was 
added and mixed for 5 minutes. The mixture was centri-
fuged at 2,500 rpm for 5 minutes. The supernatant was 
assayed for furosemide in triplicate by ultraperformance 
liquid chromatography immediately after preparation and 
after 15, 30, 45, 60, 75, 90, 105, 120, 150, 180, 210, 240, 
270, 300, 330 and 360 days. This study used a sample of 
250 bottles.
	 For spironolactone, the reverse phase UPLC (Waters,
Milford, USA) in Waters ACQUITY UPLC HILIC 2.1x10 
mm. x 1.7 µm. was used. Column temperature was 60ºC 
with mobile phase A: 0.1M HCOONH4 (pH 3.8 formic 
acid) B and acetonitrile, flow rate 0.5 ml/min with detector 
PDA at 242 nm, resolution 1.2 nm using injection 0.1 µl.
	 The spironolactone suspensions 2 mg/ml was vigo-
rously shaken by hand for 30 seconds. Then, from each 
bottle, a 100 µL sample was drawn from approximate 
center of the remaining liquid and transferred into a 
1-mL centrifuge tube. Then, 900 µl of 70% Acetonitrile/
mobile phase was added and sonicated for 5 minutes. The 
mixture was centrifuged at 14,000 rpm for 5 minutes. The 
supernatant was assayed for spironolactone in triplicate 
by ultraperformance liquid chromatography immediately 
after preparation and after 8, 15, 22, 30, 36, 53, 60 and 
67 days. This study used a sample of 135 bottles.
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	 For hydrochlorothiazide, the reverse phase UPLC 
(Waters, Milford, USA) in Waters ACQUITY UPLC 
BEH C18, 2.1x10 mm. x 1.7 µm. was used. Column tem-
perature was 35ºC with mobile phase A: 0.1M Potassium 
dihydrogen ortrophosphate (pH 3.8 formic acid) B and 
acetonitrile, flow rate 0.3 ml/min with detector: PDA at 
273 nm, resolution 1.2 nm, using injection 0.1 µl. 
	 The hydrochlorothiazide suspension 10 mg/ml was 
vigorously shaken by hand for 30 seconds. Then, from 
each bottle, a 100 µL sample was drawn from approxi-
mate center of the remaining liquid and transferred into 
a 1-mL centrifuge tube. Then, 900 µl of 0.01% HCl / 
Methanol 900 µl was added and sonicated for 5 minutes. 
The mixture was centrifuged at 14,000 rpm for 5 minutes. 
The supernatant was assayed for hydrochlorothiazide in 
triplicate by ultraperformance liquid chromatography        
immediately after preparation and after 7, 14, 21, 24, 
27, 30, 32 and 34 days. This study used a sample of 135 
bottles. 
	 The samples were examined at each sampling time 
for any change in appearance or order.

Physical stability
	 For all preparations the pH and viscosity were tested 
and visual (color) observations were performed during 
stability. Physical stability was defined as the absence of 
either visible color or appearance changes.

Microbiological stability
	 The samples were subjected to microbiological 
evaluation. The criteria is the attributes of non-sterile 
pharmaceutical products which is set as total microbial 
count below 200 CFU/ml, total and absence of Pseudo-
monas aeruginosa, Staphylococcus aureus, Escherichia 
coli and Salmonella spp.18 Microbacterial examination 
was performed by the Department of Biology.

Data analysis
	 The initial concentration of all extemporaneous 
preparations was defined as 100%. We measured the 

concentration of active ingredients by UPLC as the 
scheduled time until the final volume or the percentage 
of active ingredient was less than 90% of initial drug 
concentration.19

RESULTS

	 Three batches of 3 extemporaneous preparations 
were prepared to compare the differences of each batch 
and 5 samples per batch. All of the solutions were kept 
in a refrigerator at 2-8°C.  The criteria of this study was 
the concentration of active ingredients that was not less 
than 90% until the final volume and we determined from 
the minimum time duration that the active ingredient 
concentrations remained greater than 90% for 3 batches 
and 5 samples per batch.

Physical stability
	 The 2 mg/ml of furosemide syrup, spironolactone 
suspension 2 mg/ml  and hydrochlorothiazide suspension 
10 mg/ml were formulated using commercially available 
powder and tablets. The resulting preparations were rea-
dily dispersible syrup. There was no detectable change in 
physical characteristics such as color, odor, and no visible 
microbiological growth in any sample during the 360, 67 
and 34 days of storage at controlled temperatures show 
in Table 1, 2 and 3, respectively.

Chemical stability
	 The percentage of initial concentration remaining
of furosemide has been shown in Fig 1A. and UPLC 
chromatogram of the drug analyzed shown in Fig 1B. The 
percentage of furosemide remaining in syrup after storage 
at 5±3°C for 360 days was 99.49±0.22%, (Linearity (R2) 
= 0.9996, LOQ = 0.05 ppm, LOD = 0.015 ppm, % rela-
tive error = 1, repeatability (%CV) = 0.0058 - 3.35). All 
batches were running out of volume in 360 days.
	 For spironolactone suspension 2 mg/ml, the con-
centration of spironolactone of the second and the third 
batches declined to lower than 90% in 67 days, but the 

Lot	 Detail	 Day	 Day	 Day	 Day	 Day	 Day	 Day	 Day	 Day	 Day
			   0	 15	 30	 45	 60	 90	 120	 180	 270	 360
		  Analysis bacteria	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸
	 1	 pH	 6	 6	 6	 6	 6	 6	 6	 6	 6	 6
		  Redispersibility	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
		  Color	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0
		  Analysis bacteria	 ¸	 ¸	 ¸	 -	 -	 -	 ¸	    -	    -	 ¸
	 2	 pH	 6	 6	 6	 -	 -	 -	 6	 6	 6	 6
		  Redispersibility	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
		  Color	 0	 0	 0	 -	 -	 -	 0	 0	 0	 0
		  Analysis bacteria	 ¸	 ¸	 ¸	 -	 -	 -	 ¸	 -	 -	 ¸
	 3	 pH	 6	 6	 6	 -	 -	 -	 6	 6	 6	 6
		  Redispersibility	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
		  Color	 0	 0	 0	 -	 -	 -	 0	 0	 0	 0

TABLE 1. Results of physical and microbiological tests. (Product not enabled).

Note: Analysis bacteria:  ¸: Total Count 0-200 CFU/ml, ✗: Total Count >200 CFU/ml 
	 - Redispersibility: 1: Shake 1-10 times. 2: Shake 1-20 times.
	 - Color : -1: Light, 0: do not change color, +1: darker, - is no analysis.
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Lot	 Detail	 Day	 Day	 Day	 Day	 Day	 Day	 Day
			   0	 15	 30	 45	 60	 80	 90
		  Analysis bacteria	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸	 ¸
	 1	 pH	 7	 7	 7	 7	 7	 7	 7
		  Redispersibility	 1	 1	 1	 1	 1	 1	 1
		  Color	 0	 0	 0	 0	 0	 0	 0
		  Analysis bacteria	 ¸	 ¸	 -	 ¸	 ¸	 ¸	 ¸
	 2	 pH	 7	 7	 -	 7	 7	 7	 7
		  Redispersibility	 1	 1	 -	 1	 1	 1	 2
		  Color	 0	 0	 -	 0	 0	 0	 0
		  Analysis bacteria	 ¸	 ¸	 -	 ¸	 ¸	 -	 ¸
	 3	 pH	 7	 7	 -	 7	 7	 -	 7
		  Redispersibility	 1	 1	 -	 1	 1	 -	 1
		  Color	 0	 0	 -	 0	 0	 -	 0

TABLE 2. Results of physical and microbiological tests. (Product not enabled).

Note: Analysis bacteria:  ¸: Total Count 0-200 CFU/ml, ✗: Total Count >200 CFU/ml 
		  - Redispersibility: 1: Shake 1-10 times. 2: Shake 1-20 times. 
		  - Color: -1: Light, 0: do not change color, +1: darker, - is no analysis.

Fig 1A. Change in concentration of furosemide in furosemide syrup 2 mg/ml when 
stores for 360 days at 2-8°C. Fig 1B. UPLC chromatogram of the drug analyzed.

A B

A

Fig 2A. Change in concentration of spironolactone in spironolactone suspen-
sion 2 mg/ml when stores for 67 days at 2-8°C. Fig 2B. UPLC chromatogram 
of the drug analyzed.

B

A B

Fig 3A. Change in concentration of hydrochlorothiazide in hydrochlorothiazide 
suspension 10 mg/ml when stores for 34 days at 2-8°C. Fig 3B. UPLC chromato-
gram of the drug analyzed.
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first batch declined to lower than 90% in 60 days so we 
determined spironolactone suspension 2 mg/ml, preserved 
its active ingredient for 60 days (Fig 2A). The percentage 
of spironolactone remaining in suspension after storage at 
5±3°C for 67 days was 89.00±0.99%. UPLC chromato-
gram of the drug analyzed was linear (R2) = 0.9996, LOQ 
= 0.051 ppm, LOD = 0.017 ppm, %relative error = 1, and 
repeatability (%CV) = 0.144 - 11.568. (Fig 2B). 
	 After 30 days, the concentration of hydrochlorothia-
zide degraded to lower than 9.00 mg/ml in all batches of 
hydrochlorothiazide suspension (Fig 3A). 
	 The percentage of hydrochlorothiazide remaining 
in suspension after storage at 5±3°C for 34 days was 
89.02±1.48%. UPLC chromatogram of the drug analyzed 
was linear (R2) = 0.9999, LOQ = 0.006 ppm, LOD = 
0.002 ppm, %relative error = 0.76, repeatability (% CV) 
= 0.0052 - 0.892 (Fig 3B). 
	 The pH value of each formulation after storage for 
360, 67 and 34 days has been shown in Table 1, 2 and 3, 
respectively.

Microbiological stability
	 The total of bacterial, yeast and mold count of all 
samples was less than 200 colonies per ml (cfu/ml) of the 
sample. The suspected colony of E. coli was not found in 
all samples.

DISCUSSION

	 All samples were prepared to measure the percentage
of active ingredients at the schedule time until the concen-
tration of active ingredients was less than 90% as indicated 
by the results.  
	 The number of days from these results can only be 
used for the practical use of the patient who uses three 
extemporaneous preparations in the PET package that 

Lot	 Detail	 Day	 Day	 Day	 Day
			   0	 15	 30	 50
		  Analysis bacteria	 ¸	 ¸	 ¸	 ¸
	 1	 pH	 6	 6	 6	 6
		  Redispersibility	 1	 1	 1	 1
		  Color	 0	 0	 0	 0
		  Analysis bacteria	 ¸	 ¸	 ¸	 ¸
	 2 	 pH	 6	 6	 6	 6
		  Redispersibility	 1	 1	 1	 1
		  Color	 0	 0	 0	 0
		  Analysis bacteria	 ¸	 ¸	 ¸	 ¸
	 3 	 pH	 6	 6	 6	 6
		  Redispersibility	 1	 1	 1	 1
		  Color	 0	 0	 0	 0

TABLE 3. Results of physical and microbiological tests. 
(Product not enabled).

Note 	 - Analysis bacteria: ¸: Total Count 0-200 CFU/ml, ✗: 
		     Total Count >200 CFU/ml 
		  - Redispersibility: 1: Shake 1-10 times. 2: Shake 1-20 
		     times.  
		  -  Color : -1: Light, 0: do not change color, +1: darker, - is 
		     no analysis.
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