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A rsenic trioxide induces apopto-
sis in multiple myeloma cells.1

Ascorbic acid 1000 mg, given
intravenously over 15 minutes, has
been administered after doses of ar-
senic trioxide to decrease the intra-
cellular levels of glutathione.2-6 Ele-
vated glutathione levels are thought
to be the primary mechanism by
which multiple myeloma cells devel-
op resistance to arsenic trioxide.
Currently, no published studies exist
on the stability of ascorbic acid in
small volumes of i.v. fluids.

The purpose of this study was to
evaluate the stability of ascorbic acid
in both 0.9% sodium chloride and
5% dextrose injections over 24 hours
at room temperature and protected
from light.

Methods. Preparation of solutions.
Ascorbic acid 1000 mga was added to
100-mL bags of 5% Dextrose, USP,b

and 0.9% Sodium Chloride, USP,c

(10-mg/mL nominal concentration).
The solutions were then kept at room
temperature (23–25 °C), protected

ALFRED CHIN, PHARM.D., is Associate Profes-
sor of Clinical Pharmacy, School of Pharma-
cy, University of Southern California (USC),
Los Angeles, and Research and Drug Informa-
tion Coordinator, USC/Norris Comprehen-
sive Cancer Center and Hospital, Los Angeles.
SHANSHAN LIU is a Ph.D. degree candidate;
and JENNIFER TING-CHAN, PHARM.D., is Phar-
macy Practice Resident, School of Pharmacy,
USC. MARK A. GILL, PHARM.D., FASHP,
FCCP, is retired; at the time of writing he was
Professor of Clinical Pharmacy, Director,

Laboratory for Clinical Pharmacy Research,
School of Pharmacy, USC.

Address correspondence to Dr. Chin at the
School of Pharmacy, University of Southern
California, 1985 Zonal Avenue, Los Angeles,
CA 90033 (achin@usc.edu).

Supported by a grant from Cell Therapeu-
tics, Inc., Seattle, WA.

Copyright © 2005, American Society of
Health-System Pharmacists, Inc. All rights re-
served. 1079-2082/05/0502-1073$06.00.

from light, and assayed at 0, 0.5, 1, 2,
4, and 24 hours after preparation.

Ascorbic acid solution was pre-
pared in triplicate, and samples taken
from the preparations were assayed
in duplicate. High-performance liq-
uid chromatography (HPLC) was
used to determine ascorbic acid con-
centration. The solutions were visu-
ally inspected for color changes and
precipitate.

HPLC assay. The HPLC assay was
developed in our laboratory. Assays
were performed immediately after
samples were withdrawn. About 1
mL of each solution was withdrawn

at scheduled times. Each 10-μL sam-
ple was diluted with 990 μL of 0.9%
sodium chloride injection. Ascorbic
acid concentration in solution was de-
termined at room temperature using
an HPLC system equipped with an
autosampler,d an analytical column,e a
variable-wavelength ultraviolet-light
detector set at 245 nm,f and a data
integrator.g The mobile phase con-
sisted of methanol and phosphate
buffer (50:50 v/v) and was prepared
with 20 mM of ammonium phos-
phate and 5 mM of tetrabutylammo-
nium hydrogen sulfate and adjusted
to pH 2.95. The flow rate was 1.0 mL/
min. The injection volume was 50
μL, with a retention time of three
minutes for the tested drug.

A stock solution was prepared us-
ing analytical grade ascorbic acidh 1
mg/mL in 0.9% sodium chloride and
stored at –20 °C. Working standards
were prepared using 0.125-, 0.1-,
0.08-, 0.07-, and 0.06-mg/mL con-
centrations of the stock solution and
refrigerated at 3 °C. The linearity of
the method was evaluated at the five
concentrations above. The interday
and intraday coefficients of variation
for the assay ranged from 5.8% to
6.9% (n = 11) and from 0.7% to
1.7% (n = 3), respectively. All coeffi-
cients of correlation for the standard
curve exceeded 0.95.
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Assay validation. To determine the
stability-indicating nature of the as-
say, solutions of ascorbic acid and its
degradation products were analyzed.
At extreme basic conditions, 100 μL
of 1 N sodium hydroxide was added
to 1 mL of ascorbic acid 10 mg/mL.
The solution slowly became bright
yellow. On the chromatogram, the
ascorbic acid peak was reduced by
28%. The exposure of 1 mL of ascor-
bic acid 10 mg/mL to light and heat
(80 °C) for six hours reduced the
ascorbic acid concentration by
17.6% and 33.7%, respectively. Peaks
of degradation products did not in-
terfere with the peak of ascorbic acid.

Physical inspection. Throughout
the experiment, all test solutions
were observed for any changes in col-
or and turbidity.

Data analysis. The area under the
peak was used to determine ascorbic
acid concentration. The initial ascor-
bic acid concentration was defined as
100% and subsequent sample con-
centrations were expressed as a per-
centage of the initial concentration.
Stability was defined as retention of
greater than 90% of the original con-
centration of the drug.

Results and discussion. The
mean ascorbic acid concentration in
0.9% sodium chloride injection
stored at room temperature exceed-

ed 93% for 24 hours. In 5% dextrose
solution, the mean ascorbic acid con-
centration was greater than 98% for
24 hours (Table 1). At no time did
the ascorbic acid concentration fall
below 90%. No visible changes were
detected in any of the samples during
the study. It is noteworthy that the
nominal concentrations of ascorbic
acid differed between the diluents of
0.9% sodium chloride injection and
5% dextrose injection. We have no
explanation for this, as the mixing
procedures were identical. It is possi-
ble that adsorption to equipment oc-
curred with one diluent and not the
other, but we did not examine this
issue.

A more pronounced variability in
ascorbic acid concentration was not-
ed at 24 hours. One high ascorbic
acid concentration was detected in
5% dextrose injection (9.1 mg/mL)
and one low concentration was not-
ed with 0.9% sodium chloride injec-
tion (8.3 mg/mL), but both met our
criteria for stability.

Conclusion. Ascorbic acid stored
at room temperature and protected
from light is stable for 24 hours in
0.9% sodium chloride and 5% dex-
trose injections.

aAscorbic Acid Injection Solution, USP,
500 mg/mL, 50-mL vial, American Regent
Laboratories, Shirley, NY.

b5% Dextrose Injection, USP, 100-mL
partial-fill container, Braun Medical, Irvine,
CA.

c0.9% Sodium Chloride, USP, 100-mL
partial-fill container, Braun Medical.

dL6200 HPLC system, Hitachi, Tokyo,
Japan.

eNucleosil CN 5-μ, 4.6 × 150 mm, Sigma-
Aldrich, St. Louis, MO, lot 96051330.

fL4200 ultraviolet-light detector, Hitachi.
gD-2500 Chromato-Integrator, Hitachi.
hAscorbic Acid Fine Powder, USP, EM Sci-

ence, Gibbstown, NJ.
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0.9% sodium chloride injection 9.3 ± 0.5 99.0 ± 2.7 96.8 ± 4.6    93.4 ± 2.2    94.7 ± 4.4    97.1 ± 8.6
5% dextrose injection 7.8 ± 0.3 99.1 ± 2.3 98.2 ± 3.3 101.8 ± 4.8 100.0 ± 1.7 101.5 ± 9.0

Table 1.
Stability of Ascorbic Acid in 0.9% Sodium Chloride and in 5% Dextrose Injections

Diluent
Initial Concentration

(mg/mL)

% Initial Concentration Remaininga

0.5 hr 1 hr 2 hr 4 hr 24 hr

 aReported as mean ± S.D. for three samples (n = 3).


