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ABSTRACT
The stability of prednisone (5 mg/mL) formulated as a suspension in Oral Mix 
vehicle was evaluated. Oral Mix is a novel oral, dye-free suspending vehicle 
developed by Medisca Pharmaceutique Inc. for preparation of extemporaneous 
dosage forms. This drug was chosen based on its high frequency of prescription 
among the pediatric population. Suspensions were prepared from both pure 
active and commercial tablets utilizing two different container closures: amber 
glass bottles and polypropylene syringes (PreciseDose Dispenser Medisca 
Pharmaceutique Inc.). Formulations were stored at 5°C or 25°C and 
organoleptic properties, pH, and concentration were evaluated at 
predetermined time points up to 90 days. A validated stability-indicating high-
performance liquid chromatography method was developed. Beyond-use date 
was evaluated by statistical analysis of the overall degradation trend. 
Prednisone was stable for at least 90 days at 25°C. No changes in organoleptic 
properties or pH were observed for either of the formulations, and the global 
stability was roughly equivalent and sometimes superior to the stability of the 
same drugs in other previously used vehicles. Thus, Oral Mix was found to be a 
suitable dye-free vehicle for extemporaneous formulations.
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INTRODUCTION
     In pediatric and infant care, the adminis-
tration of medicines often requires indi-
vidualized dosing or the use of liquid-dosage 
forms. These adapted preparations are not 
always readily available, however, when 
required, extemporaneous formulations can 
be prepared by a pharmacist to address the 
special needs of patients. Oral-liquid prepa-
rations are preferred for a pediatric popula-
tion. Indeed, palatable and easy-to-swallow 
formulations will increase a child’s compli-
ance to their treatment.1,2 Oral-liquid prepa-
rations also come with potential drawbacks. 
As the drug is in close contact with the ve-
hicle, the likelihood of chemical degradation 

cannot be ignored. Consequently, validated 
stability studies need to be performed for any 
drug compounded in an oral vehicle.  
     Oral Mix is an oral suspending vehicle 
recently developed by Medisca Pharma-
ceutique Inc. and used in the preparation 
of extemporaneous dosage forms. It is a 
commercial alternative to other vehicles like 
Ora-Blend (Paddock Laboratories), Syrup 
NF, and methylcellulose solution. Quali-
tatively, the composition of Oral Mix and 
Ora-Blend is similar. When stability studies 
exist for both vehicles, these products can be 
considered interchangeable with the benefit 
of strengthening the supply chain in case of 
back order of one or the other or when the 
presence of dyes is of concern. 
     This article addresses the stability of pred-
nisone in Oral Mix. This drug was selected 
due to the frequency at which it is prescribed 
in the pediatric population. 
     Prednisone is a glucocorticoid widely used 
in the treatment of inflammatory and im-
munological conditions. It is used in the pe-

diatric population for the treatment of acute 
asthma, cancer, and nephrotic syndrome.1,2 

It can also be used as an immunosuppressive 
agent following transplantation in children. 
Furthermore, prednisone is a prodrug that 
has to be converted by the liver into its active 
metabolite, prednisolone. Prednisone is com-
mercially available in three dosage forms: 1-, 
5-, and 50-mg tablets for oral administration.3 
Extemporaneous formulations also exist as 
a solution of 0.5 mg/mL or a suspension of            
5 mg/mL in Syrup NF.4,5

     The objectives of this study were to 
formulate the preparations in Oral Mix, to 
develop and validate stability-indicating high-
performance liquid chromatography (HPLC) 
methods, and to evaluate the stability of the 
preparations for 90 days.

METHODS 
FORMULATION PREPARATION AND 
STORAGE
     Preparations using the active ingredient 
were developed based on formulations de-
scribed in the book titled Trissel's Stability of 
Compounded Formulations.6 Formulations of 
prednisone (Lot 45966/B; Medisca Pharma-
ceutique Inc., Quebec, Canada) were prepared 
at a concentration of 5 mg/mL using both the 
pure drug in powder form and the commer-
cially available tablets.
     The following procedure was performed 
for the preparation compounded from pure 
drug powder. The required quantity of drug 
was first wet using polysorbate 80 (Lot MK-
BJ0197V; Sigma Aldrich, St. Louis, Missouri) 
(250 mcL) and then completed to volume 
(230 mL) using Oral Mix vehicle (Lot I074/A; 
Medisca Pharmaceutique Inc.).
     Similarly for the preparation compounded 
from commercially available Apo-Prednisone 
5-mg tablets (Lot KG7478; Apotex, Quebec, 
Canada), the required number of tablets was 
ground into powder and dispersed into the 
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FIGURE. Representative chromatograms. 

aA is 10 mM KH2PO4, pH 4.6; B is ACN; C is H2O 

TABLE 1. Chromatographic 
Conditions.
COMPOUNDS PREDNISONE
PDA wavelength (nm) 241

Mobile phasesa A:B
 70:30

Sample diluent B:C
 20:80

Analysis time (min) 7

Flow rate (mL/min) 1.0

Column temperature (°C) 40

Sample temperature (°C) 5

Injection volume (mcL) 10

Retention time (min) 4.9
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(A) prednisone standard solution (50 mcg/mL); (B) prednisone 
suspension prepared from pure active using Oral Mix vehicle (5 
mg/mL) after 7 days storage at 25°C; (C) prednisone stressed 
sample; (D) prednisone and its degradation products in a mix-
ture of stressed sample and standard solution
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required volume of Oral Mix vehicle, without 
adding polysorbate 80.
     All preparations were packaged in 50-mL 
amber glass bottles (filled to 30 mL) or in 
1-mL amber plastic syringes, PreciseDose 
Dispenser (Medisca Pharmaceutique Inc.) 
(filled to 1 mL). The resulting formulations 
were incubated at 5°C or 25°C/60% RH for 
90 days; three containers of each preparation 
were stored at both conditions.
     At predetermined time points (0, 7, 14, 30, 
45, 60, 75, and 90 days) bottles were shaken, 
and the organoleptic properties of the prepa-
rations were inspected. Chemical stability 
was also evaluated by pH measurement (pH 
211; Hanna Instruments) and HPLC-Ultravi-
olet quantification.

PREPARATION OF SAMPLES FOR 
HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY INJECTION
     Suspension samples were withdrawn 
from the glass bottles or syringes at each 
time point and diluted with a volume of 
corresponding diluent (see Table 1) to 
reach a nominal concentration of 50 mcg/
mL. Samples were vigorously vortexed, 
then centrifuged, and the supernatant was 
directly injected into the HPLC system. 

HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY METHOD
     Quantification of the drug was performed 
on a reversed-phase HPLC system (Shi-
madzu Prominence UFLC). The system 
consisted of a LC-20AD binary pump, a 
DGU-20A5 solvent degasser, a SPD-M20A 
multiple wavelength photodiode array 
detector (PDA), a SIL-20AC HT refriger-
ated autosampler, and a CT0-20AC column 
oven. A Zorbax Eclipse XBD C18 (4.6 × 150 
mm, 3.5 mcm) column was used to elute the 
prednisone. The chromatographic condi-
tions are resumed in Table 1. 
     Assay linearity was confirmed for predni-
sone at 0, 25, 50, 75, and 100 mcg/mL (r2 
= 0.999). Variability was <0.4 % relative 
standard deviation (RSD). To identify the 
degradation products, forced degradation 
studies were carried out under conditions 
of dry heat, hydrolysis, and oxidation as 

described in International Conference on Harmoni-
zation guidelines.7-9 The hydrolytic decomposition of 
the compound was evaluated by mixing a prednisone 
sample 1 mg/mL 1:1 with 1 mL NaOH 1 N, for 3 hours 
at 67°C, after which the base was neutralized with 1 
mL HCI 1 N. The sample was then diluted to 25 mL 
with 1:3 acetonitrile:water. The resulting sample was 
injected in HPLC in comparison with pure drug stan-
dard solution and the suspension in Oral Mix. No peak 
overlap or signal interaction with excipients or with 
degradation products were observed (see Figure).  

STATISTICAL ANALYSIS
     To determine the stability of the prepared suspen-
sions, the concentration of the drug was measured for 
each preparation, at each time point (0, 7, 14, 30, 45, 
60, 75, and 90 days). For each time point, the fraction 
remaining relative to the initial drug concentration 
was calculated and plotted against time (in days). The 
degradation rate of the drug was determined by cal-
culating the slope of this plot with its 95% confidence 
interval. To be considered stable, the preparation 
had to retain a minimum of 90% of its initial drug 
dose. The fastest degradation slope, included in the 
confidence interval, crossing the 90% of initial drug 
concentration, was determined as the beyond-use 
date (BUD) of the preparation. 

STABILITY SPECIFICATIONS

stability based on the concentra-
tion is detailed for each prepara-
tion. As this method took every 
time point into consideration, a 
higher level of confidence is given 
for the stability results. The trend 
that is established gives the ability 
to predict an accurate BUD, with-
out being obligated to determine 
the stability at the time preceding 
the failure time point. Further-
more, the overall analysis method 

     Stability outcomes of the 
formulations were based on 
three factors; organoleptic 
properties, pH, and concen-
tration of active ingredient. 
At any sign of visual changes 
or pH variation of more than 
1 unit, the formulation was 
considered unstable. To de-
termine the concentration of 
the formulation, stability was 
evaluated with the statistical 
method of the degradation 
rate described above. 

RESULTS AND 
DISCUSSION
     For all suspensions, no 
notable changes in pH, odor, 
or color were observed after 
storage in different condi-
tions for 90 days. Chemical 
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TABLE 2. Stability of Prednisone in Oral Mix.
      T E M P E R A T U R E  2 5 ° C

S T U D Y  D A Y  P U R E  A C T I V E  I N G R E D I E N T        C O M M E R C I A L  D R U G  

  G L A S S  P L A S T I C   G L A S S  P L A S T I C
  B O T T L E  S Y R I N G E   B O T T L E  S Y R I N G E
Initial concentration   4.976 ± 0.126 4.960 ± 0.231  4.916 ± 0.126 4.941 ± 0.124
(mg/mL)  

Day 7  102.0 ± 2.9 99.7 ± 5.0  98.1 ± 3.7 97.7 ± 4.4

Day 14  101.2 ± 0.8 101.3 ± 2.8  103.3 ± 0.9 97.9 ± 4.1

Day 30  94.5 ± 1.8 94.4 ± 3.1  100.2 ± 2.5 100.0 ± 3.3

Day 45  98.9 ± 2.5 98.7 ± 5.2  100.2 ± 3.5 98.6 ± 2.0

Day 60  98.6 ± 3.8 101.0 ± 4.5  102.5 ± 4.6 101.3 ± 0.6

Day 75  99.9 ± 4.6 97.2 ± 4.3  102.4 ± 1.0 99.2 ± 3.0

Day 90  98.4 ± 2.9 97.6 ± 3.8  100.8 ± 1.7 98.9 ± 0.3

Slope [CI95%]  -0.0002039 -0.0002029  -0.0001804 0.0001861
  [-0.0007473  [-0.0008794  [-0.0002927 [0.0002523
  – 0.0003396] –  0.0004737]  – 0.0006535] – 0.0006245]

Stability (days)  >90 >90  >90 >90

diminished the impact of a 1-day outlier on the 
evaluation of stability.

PREDNISONE
     Prednisone suspensions in Oral Mix were 
found stable over 90 days at 25°C (see Table 2) 
in all formulations and in all container closures. 
Furthermore, each preparation was stable at 5°C 
except the one prepared from pure active and 
stored in plastic syringe, which had a stability of 
74 days. This was apparently due a high deviation 
standard between the three replicates at day 30 
of analysis that resulted in an enlargement of the 
95% confidence interval. Despite this result, the 
stability at 25°C for this suspension was higher 
than 90 days, therefore, there is good reason to 
conclude that the same suspensions would also 
be stable at 5°C. Regardless of the confidence 
interval that crossed day 74 for this specific con-
dition, all results taken individually did not cross 
that 90% limit of initial dose limit. 
     Other extemporaneous formulations of prednisone are known to 
facilitate pediatric administration such as a solution of 0.5 mg/mL 
in water and a suspension of 5 mg/mL in Syrup NF. In addition to its 
bitter taste, the solution requires a large volume to be administered 
due to its low concentration, therefore, prednisone suspension is 
generally preferred.5,10 The stability of the prednisone suspension 
in Oral Mix is higher than the one reported for the solution in water 
stored at 24°C (84 days) and for the suspension in Syrup NF stored 
at 4°C (60 days). Therefore, it could be recommended to formulate 
prednisone suspensions in Oral Mix to get a longer BUD.

CONCLUSION
     Stability of prednisone in Oral Mix was found to be similar and 
sometimes superior to the making it the drug in other vehicles. 
This leads to the conclusion that the Oral Mix vehicle is suitable for 
extemporaneous preparations. Furthermore, the statistical analysis 
method used allowed one to determine the most accurate BUD, and 
was based on the overall degradation trend. 
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