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Stability of Hydrocortisone Preservative-Free Oral Solutions
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OBJECTIVES: The physical and chemical stability of a preservative-free oral solution of hydrocortisone suc-
cinate was studied at different pH values and storage temperatures.

METHODS: Oral solutions of hydrocortisone 1 mg/mL were prepared by dissolving hydrocortisone succinate
powder in citrate buffers at pH 4.0, 5.5, and 6.5, or with sterile water (pH 7.4) stored in amber glass vials.
Three identical samples of the formulations were prepared and stored under refrigeration (3-7°C), ambient
temperature (20-22°C) and high temperature (29-31°C). A 200-pL sample was withdrawn from each of the
3 samples immediately after preparation and at 1, 7, 14, 21, and 35 days. Samples were assayed in duplicate
using stability-indicating liquid chromatography. Stability was determined by evaluating the percentage of
the initial concentration remaining at each time point; stability was defined as the retention of at least 90%
of the initial concentration of hydrocortisone succinate.

RESULTS: At least 92% of the initial hydrocortisone succinate concentration in solutions pH 5.5, 6.5, and 7.4
remained throughout the 14-day study period under refrigeration. There were no detectable changesin color,
odor, or pH and no visible microbial growth in these samples. In other storage conditions, hydrocortisone
succinate was rapidly degraded.

CONCLUSIONS: The hydrocortisone succinate preservative-free oral solutions at pH 5.5, 6.5, or 7.4 are
chemically stable when stored under refrigeration for at least 14 days. They provide flexible and convenient

dosage forms without any preservatives for pediatric patients.

INDEX TERMS: drug stability, hydrocortisone, infant, pharmaceutical solutions
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INTRODUCTION

Congenital adrenal hyperplasia is a group of
disorders resulting from the deficiency of 1 of the
5 enzymes required for the synthesis of cortisol in
the adrenal cortex. The most frequent is steroid
21-hydroxylase deficiency."? Clinical manifesta-
tions are postnatal virilization and a salt-wasting
syndrome in severe form with a concurrent defect
in aldosterone biosynthesis.>* Patients require
long-term glucocorticoid treatment to inhibit
excessive secretion of corticotropin-releasing
hormone and corticotrophin by the hypothala-
mus and pituitary gland, and to reduce elevated
levels of adrenal sex steroids.” In children, the
proffered drug is hydrocortisone in maintenance
doses of 10 to 20 mg/m?*/day."* Hydrocortisone
is commercially available in tablets; however, the
smallest dose is 5 mg. For very young children,
tablets are usually crushed into powder to be

mixed with food vehicles. This practice cannot
assure good dissolution and hence therapeutic
activity of hydrocortisone. An oral liquid form
would be highly desirable for patients with
swallowing problems such as pediatric patients.
In addition a liquid form allows the dose to be
easily adjusted. Few data exist on the stability of
hydrocortisone oral suspension and all prepara-
tions used preservatives such as parabens.”® The
purpose of this study was to design a hydrocor-
tisone oral liquid formulation that allows for the
optimal stability conditions of the active principle
and that minimizes the number of necessary
excipients. This formulation contained any ex-
cipients with notorious effect such as parabens,
alcohol, and tween. Therefore, an aqueous solu-
tion of hydrocortisone was considered.

The corticosteroids are a group of compounds
having poor aqueous solubility that are fre-
quently solubilized as a labile ester prodrug
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From each solution, a 200-
pL sample was taken and
transferred to glass tubes.
Two hundred microliters
of dexamethasone acetate
(1 mg/mL in methanol,
Cooper) was added as
the internal standard (IS).
Sample was then diluted
to 10 mL with sterile water
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Figure 1. Chromatogram of hydrocortisone succinate (HCS; retention time = 4.6
min) and dexamethasone acetate (DXM) used as an internal standard (retention

time = 8.1 min).

20 mg/L concentration.
Diluted 25-uL solution was
assayed in duplicate using
high-performance liquid
chromatography (HPLC).
The physical appearance

for use by the parenteral route. Hydrocortisone
21-succinate ester is water soluble derivative and
commercially available as a lyophilized powder
for reconstitution. Consequently we chose to
study the stability of hydrocortisone succinate
in aqueous solution at different pH values and
at 3 controlled storage temperatures.

METHODS

Sample Preparation

Various oral solutions of hydrocortisone 1
mg/mL were prepared by dissolving appropri-
ate amount of hydrocortisone sodium succinate
powder (1.34 mg/mL; hydrocortisone; Upjohn,
Paris, France) in citricacid (2 g /L; Cooper, Melun,
France) adjusted to pH 4.0, 5.5, or 6.5 with sodium
hydroxide (1N). An oral solution exempt of ci-
trate was obtained by dilution of hydrocortisone
sodium succinate powder (1.34 mg/mL) in sterile
water (Versylene, Fresenius Kabi, Sevres, France)
to yield a concentration of hydrocortisone base
at 1 mg/mL and a sodium concentration at 2.8
mmol/L. The measured pH of this solution was
7.4. Another solution of hydrocortisone 1 mg/mL
was obtained by addition of hydrochloric acid
(IN) in sterile water to reach pH 4.0.

Three identical samples of each formulation
were prepared in amber glass vials and stored

of each solution was as-
sessed visually. The apparent pH was measured
by digital pH-meter (Mettler-Toledo, Viroflay,
France) at the beginning and at the end of the
study. Samples were analyzed after preparation
and at 1,7, 14, 21, and 35 days.

HPLC Analysis

An HPLC method was adapted for separating
and quantifying hydrocortisone succinate.” The
equipment consisted of a liquid chromatographic
system (Dionex Ultimate 3000, Courtaboeuf,
France) with a photodiode array detector set at
a wavelength of 242 nm, an injector delivering
25 pL, a recording integrator, and a C18 column
(Nova-Pak, 4.6 x 150 mm, 4 pm, Waters, Guyan-
court, France) regulated at 21°C. Hydrocortisone
succinate, its degradation products, and the IS
(dexamethasone acetate 20 mg/L) were sepa-
rated isocratically. The mobile phase consisted of
a 60:40 mixture of methanol (Lichrosolv, Merck,
Fontenay, France) and 0.01 M acetic acid deliv-
ered at a rate of 1.2 mL/min. Hydrocortisone
succinate and IS eluted at 4.6 minutes and 8.1
minutes, respectively (Figure 1).

The stability-indicating capability of the assay
was evaluated in the laboratory. Decomposition
of hydrocortisone succinate solution was forced
by exposing 3 separate samples with addition of
hydrogen peroxide (Cooper), hydrochloric acid
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Figure 2. Chromatograms of hydrocortisone succinate (50 ug/mL) incubated at room temperature for 60 min with
hydrogen peroxide (A), with sodium hydroxide for 90 min (B), and with hydrochloric acid for 90 min (C).
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Figure 3. Hydrocortisone calibration curve obtained by linear regression of the
peaks heights ratio versus hydrocortisone (base) concentration.

ately before sampling of
an aliquot. Twenty-five
microliters of each sample
was injected into the HPLC

(pH 2), or sodium hydroxide (pH 12; Figure 2).
Accelerated degradation was also obtained by
heating 3 samples at 30 + 1°C. The sample pH was
adjusted to neutral pH and diluted with mobile
phase to an expected concentration of 50 mg/L,
and assayed without IS.

Preparations of Standard Solutions and Standard
Curve

A1mg/mL (base) stock solution of hydrocor-
tisone succinate was prepared with sterile water
on each day sample analysis. Standard dilutions
were diluted in sterile water to yield hydrocorti-
sone concentrations of 5, 10, 20, 40, and 50 mg /L
with IS. The standard curve was constructed
by linear regression of the peak heights ratio of
the hydrocortisone succinate/IS against hydro-
cortisone (base) concentration. It was used to
calculate the drug concentrations in the samples
(Figure 3). The least squares method showed that
the curve was linear (r? = 0.9972 + 0.0040; n = 5)
over the working range concentration and give
an equation with a slope of 0.0814 + 0.0129 (n =
5) and an intercept at —0.0270 = 0.0536 (n = 5).

Table 1. Summary of Forced Degradation Results

system, and each sample
was assayed in duplicate. Three quality control
samples (10, 20, and 40 mg/L, assayed in dupli-
cate) were used to validate each day run. The
samples were visually inspected for color change
and evaluated for pH on each day of analysis.

Data Analysis

All values are means + standard deviation. The
initial concentration of hydrocortisone in each
solution was set at 100% and subsequent concen-
trations are expressed as percentages of the initial
concentration of the corresponding solution. A
preparation was considered stable if the concen-
tration of hydrocortisone succinate remaining was
above 90% of the initial concentration.

RESULTS AND DISCUSSION

The stability indicating capability of the
method for hydrocortisone succinate assay was
demonstrated using diverse forced degradation
experiments (Figure 2) and summarized in Table
1. These forced degradation data proved that the
method is specific for the analytes and free from

Stress Condition Time (min) % Recovery Hydrocortisone Retention Time of Degradation
Succinate Product (min)

Oxidation (H202) 60 78 1.9

Acid hydrolysis (HCI) 90 26 37,55

Alkali hydrolysis (NaOH) 90 20 29

Heat 1440 50 32,55
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Table 2. Stability of Hydrocortisone Succinate Solutions (1 mg/mL, Base) at pH 5.5, 6.5, and 7.4, Stored at 20-22°C

Vehicle

Initial Drug

Concentration*

(mg/mL) % Initial Concentration Remaining*
Day 1 Day 4 Day 7 Day 14 Day 35
Citricacid pH 5.5 1.11£0.03 92.62+3.28 9340+221 8568+3.14 8502+263 7347+3.21
Citric acid pH 6.5 1.04 £0.03 90.19+252 9232+186 90.17+231 86.06+156 83.48+2.64
Sterile waterpH7.4  1.06 +0.03 99.86+3.03 9498+256 7720%x196 7138+3.14 67.69+3.11

* Mean = standard deviation of duplicate determinations for 3 samples (n = 3)

the interference of degradation products.

of hydrocortisone and a precipitate formation

At least 50% loss of the initial concentration were shown after 1-hour at pH 4.0 regardless of
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Figure 4. Relationship between hydrocortisone succinate solutions at pH 5.5 (#),
6.5 (M), 7.4 (A), remaining concentration (%), and time of storage at 19-22°C (A)

and 3-5°C (B).

the presence of citrate. Hy-
drocortisone succinate solu-
tions stored at pH 5.5, 6.5, or
7.4 was degraded after the
4-day study period at 21°C
(Table 2; Figure 4A), and
48 hours at 30°C. At least
92% of the initial concen-
tration of hydrocortisone
succinate stored under re-
frigeration at pH 5.5 and 6.5
remained throughout the
21-day study period (Table
3; Figure 4B). The solution
of hydrocortisone succinate
at pH 7.4 was stable under
refrigeration throughout
the 14-day study period
(Table 2; Figure 4A).

There were no changes
from the initial color, odor,
and taste, and no physical
indications of microbial
growth were observed of
any sample except for the
solution pH 4.0, which a
precipitate occurred almost
immediately. No significant
changes from the initial pH
occurred in any samples
(solutions at pH 4.0 were
not assessed).

CONCLUSIONS

The hydrocortisone pre-
servative-free oral solutions
at different pH are chemi-
cally stable when stored
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Table 3. Stability of Hydrocortisone Succinate Solutions (1 mg/mL, Base) at pH 5.5, 6.5, and 7.4 Stored at 3-7°C

Vehicle Initial Drug
Concentration*
(mg/mL) Initial Concentration Remaining* (mg/mL)
Day 1 Day 14 Day 21 Day 35

Citricacid pH 5.5 1.11 +£0.03 9732+3.05 9527+236 9507%3.15 94.89+221 90.03+2.10
Citric acid pH 6.5 1.04+£0.03 10510+£550 103.49+3.12 101.84+£226 9201+£192 91.23+1.26
Sterile waterpH7.4  1.06£0.03 10299+ 1.00 104.17+241 9429+196 89.17+204 86.33+252

* Mean = standard deviation (SD) of duplicate determinations for 3 samples (n = 3).

under refrigeration for at least 14 days. They 4.

provide flexible and convenient pediatric dosage
forms without any preservatives.
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