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ABSTRACT

Background: Most previous stability studies for norepinephrine have
reported the percentage of drug remaining in IV solutions after only
24 h. No previously published study has evaluated the effect of light on
the stability of this drug.

Objective: To evaluate the stability of norepinephrine (64 mg/L) in
either normal saline (NS; 0.9% sodium chloride) or 5% dextrose in
water (D5W) with storage at either 4°C or room temperature (23°C) in
polyvinyl chloride (PVC) bags exposed to or protected from normal
room lighting for 2 months.

Methods: Thirty-two PVC bags were prepared, each containing
norepinephrine at 64 mg/L; half of the bags had normal saline as the
diluent and the other half had D5W. The bags were stored at either 4°C
or room temperature (23°C), with protection from or exposure to
ambient fluorescent room light. Overall, there were 4 bags for each
combination of diluent, temperature, and light condition. The concen-
tration of norepinephrine in each bag was determined by a validated,
stability-indicating liquid chromatographic method on study days
0,1,2,3,4,8,9, 10, 11, 14, 18, 21, 23, 25, 28, 30, 36, 42, and 61.

Results: Analysis of variance revealed differences in percentage remaining
as a function of study day (p < 0.001) and light conditions (p < 0.001),
but not diluent (p = 0.06) or storage temperature (p > 0.99).

Conclusions: Solutions of norepinephrine 64 mg/L in NS or D5W can
be stored in PVC bags at 4°C for up to 61 days with protection from
light. This expiry date allows for up to 24 h storage at 23°C. Solutions
that are not protected from light will retain only 90% of the initial
concentration after storage for 39 days at 4°C. This storage period could
include up to 24 h at room temperature, without protection from light.
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RESUME

Contexte : La majorité des études antérieures sur la stabilité¢ de la
norépinéphrine ont rendu compte du pourcentage de médicament
résiduel dans les solutions intraveineuses apres seulement 24 heures.
Aucune étude publiée précédemment n'a évalué l'effet de la lumiére sur
la stabilité de ce médicament.

Objectif : Evaluer la stabilité de la norépinéphrine (64 mg/L) préparée
dans une solution physiologique salée (SP; chlorure de sodium 4 0,9 %)
ou du dextrose 2 5 % dans I'eau (D5E) et conservée a2 4 °C ou a la
température ambiante (23 °C) dans des sacs de polychlorure de vinyle
(PVC) exposés ou protégés de la lumitre ambiante normale pendant
deux mois.

Méthodes : Trente-deux sacs de PVC ont été préparés, chacun contenant
de la norépinéphrine a4 64 mg/L, la moitié en utilisant comme diluant de
la SP et l'autre moitié, du DSE,. Les sacs ont été entreposés soit a 4 °C,
soit 4 la température ambiante (23 °C), protégés de la lumitre ou exposés
a Iéclairage fluorescent ambiant. Dans I'ensemble, quatre sacs ont é
préparés pour chaque combinaison de diluant, de température et de
condition d’éclairage. La concentration de norépinéphrine dans chaque
sac a été déterminée a 'aide d’une épreuve validée par chromatographie
liquide haute performance mesurant la stabilité aux jours 0, 1, 2, 3, 4, 8,
9,10, 11, 14, 18, 21, 23, 25, 28, 30, 36, 42 et 61 de I'étude.

Résultats : Une analyse de variance a révélé des différences dans le
pourcentage de médicament résiduel, en fonction du jour de I'étude
(p <0,001) et des conditions d’éclairage (p < 0,001), mais non en fonction
du diluant (p = 0,06) ou de la température d’entreposage (p > 0,99).

Conclusions : Les solutions de norépinéphrine 2 64 mg/L préparées
dans de la SP ou du D5E et conservées dans des sacs de PVC peuvent
étre entreposées a une température de 4 °C pendant un maximum de 61
jours, protégées de la lumitre. Cette durée de conservation permet un
entreposage pendant un maximum de 24 heures 2 une température de
23 °C. Les solutions non protégées de la lumitre ne conserveront que 90
% de la concentration initiale de médicament apres avoir été entreposées
pendant 39 jours & 4 °C. Cette période d’entreposage peut comprendre
un maximum de 24 heures 4 la température ambiante et non 4 I'abri de
la lumigre.

Mots clés : norépinéphrine, stabilité des médicaments

[Traduction par I'éditeur]
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INTRODUCTION

he expiry date of medications intended for IV administra-

tion following reconstitution or dilution is often limited to
about 24 h, even when data on extended stability exist, because
of the potential for breaks in sterility and contamination of the
product. However, when reconstitution and dilution are carried
out in a sterile environment, based on the guidance
of USP (United States Pharmacopoeia) Chapter <797>
recommendations, it is entirely reasonable to assign beyond-use
dates of up to 14 days for low-risk compounded sterile products.!
For many drugs, extending the beyond-use date may facilitate
admixture in the pharmacy, reduce wastage,”® and result in
significant cost savings.

Norepinephrine is primarily used to restore and maintain
blood pressure in a variety of situations. The product mono-
graph for one brand of this drug, Levophed, indicates that it
should be administered in solutions containing 5% dextrose to
limit the significant loss of potency through oxidation.’ The
monograph also indicates that vials should be stored in the
shipping carton, with protection from light, but no such
caution is indicated for diluted solutions, and no expiry date
is offered for diluted solutions. Several investigators have
evaluated the stability of norepinephrine in solutions intended
for IV administration.>'* The concentrations evaluated were
generally 16 mg/L or lower, although Allwood" and Peddicord
and others” evaluated concentrations of 40 mg/L and
64 mg/L, respectively. Most of these studies reported the
percentage remaining after only 24 h, and none evaluated the
effect of light.

The objective of this study was to evaluate the stability of
a single concentration (64 mg/L) of norepinephrine diluted in
either normal saline (NS; 0.9% sodium chloride) or 5%
dextrose in water (D5W) and stored for 2 months at either 4°C
or room temperature (23°C) with exposure to or protection
from normal room lighting.

METHODS
Liquid Chromatography

The liquid chromatographic system consisted of an
isocratic solvent delivery pump (model P4000, Thermo
Separation Products, San Jose, California), which pumped a
mixture of acetonitrile (OmniSolv; EMD Chemicals Inc,
Gibbstown, New Jersey) and 0.05 M phosphoric acid
(catalogue no. P286; Fisher Scientific, Toronto, Ontario)
containing 1 mg/mL of heptane sulfonic acid (catalogue no.
H 2766, lot 61K5431; Sigma Aldrich Canada Ltd, Oakville,
Ontario) through a 15 cm x 4.6 mm reversed-phase C-18,
3-pm column (Supelcosil ABZ+Plus, catalogue no. 59194;
Supelco, Oakville, Ontario) at 1.0 mL/min. The ratio of
acetonitrile to 0.05 M phosphoric acid was 5:95 and was held
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constant during each chromatographic run. The samples were
introduced into the liquid chromatographic system using an
autoinjector (WISP 717-Plus; Waters Scientific, Toronto,
Ontario).

The column effluent was monitored with a variable-
wavelength ultraviolet (UV) detector (UV6000; Thermo
Separation Products) at 280 nm. Each signal from the detector
was integrated and recorded with a chromatography data
system (ChromQuest, version 5.0; Thermo Fisher Scientific
Inc). The area under the norepinephrine peak at 280 nm was
subjected to least-squares linear regression, and the actual nore-
pinephrine concentration in each sample was determined by
interpolation from the standard curve.

Assay Validation

Following development of the chromatographic system for
norepinephrine, the suitability of this method for use as a
stability-indicating assay was tested by accelerating the
degradation of norepinephrine.”™” A 10-mL sample of a
40 mg/L solution of norepinephrine (norepinephrine bitartrate
injection USPE, Sandoz Canada Inc, Boucherville, Quebec; lot
149812, expiry April 2010) was adjusted to a pH of 8.264 with
0.5 M sodium hydroxide. A second 10-mL sample of a
40 mg/L solution of the same lot of norepinephrine was adjusted
to pH 1.977 with 0.5 M hydrochloric acid. Each solution was
placed in a glass vial in a water bath at 80°C. Samples were
drawn from the vial with the pH 8.264 solution immediately
before it was placed in the water bath and at 7 other times
(2,5, 10, 18, 26, 31, and 37 min) over a 37-min study period.
Samples were drawn from the vial with the pH 1.977 solution
immediately before it was placed in the water bath and at 10
other times (7, 15, 30, 63, 121, 180, 248, 2763, 4553, and
8513 min) over an 8513-min study period (about 142 days).
Samples (10 pL) were injected directly into the chromato-
graphic system using an autoinjector. The resulting chro-
matograms were inspected for the appearance of additional
peaks, and the norepinephrine peak was compared between
samples for changes in concentration, retention time, peak
shape, and UV spectral purity (200320 nm) relative to a fresh,
undegraded sample.

Following this first phase of evaluation and validation, the
accuracy and reproducibility of standard curves were tested over
5 days, and system suitability criteria (theoretical plates, tailing,
and retention time) were developed to ensure consistent
chromatographic performance, according to accepted analytical
guidelines.” Standard curves were prepared daily by diluting
0.75 mL of a norepinephrine standard (norepinephrine
bitartrate injection USE Sandoz Canada Inc lot 149812,
expiry April 2010) in 5 mL of distilled water. This stock
solution (150 mg/L) was further diluted to prepare additional
standards with final concentrations of 100, 50, 37.5, 18.75,
and 12.5 mg/L. These standards were combined with a blank
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and the stock solution to construct a standard curve. A 10-pL
sample of each solution was chromatographed in duplicate.
Also, 2 quality control samples of norepinephrine (concentra-
tions 25 and 75 mg/mL) were chromatographed in duplicate
each day, and their concentrations were determined and
compared with the known concentrations. Intraday and
interday errors were assessed by the coefficients of variation of
the peak areas of both quality control samples and standards.

Stability Study

On study day 0, 4 mL of a 1 mg/mL solution of
norepinephrine (norepinephrine bitartrate injection USD,
Sandoz Canada Inc; lot 149812, expiry April 2010) was with-
drawn from a vial and further diluted in a 50-mL polyvinyl
chloride (PVC) minibag of 5% D5W (Baxter Corporation,
Mississauga, Ontario; lot P230821, expiry June 2010) to
prepare 16 minibags with nominal concentrations of
64.5 mg/L (after consideration of 4 mL of drug volume and
assuming 8 mL of overfill). This procedure was repeated to
prepare 16 samples containing 64.5 mg/L of norepinephrine in
50-mL PVC minibags of 0.9% NS (Hospira, Saint-Laurent,
Quebec; lot 70 011 JT, expiry April 1, 2010).

For each diluent (D5W and NS), 8 minibags were stored
at 4°C and 8 were stored at room temperature (23°C). For the
bags stored at each temperature, half (7 = 4) were protected
from ambient fluorescent room light (using Amber Zip Bags,
127 mm x 203 mm, 3 mil; thebagcompany Inc, West Springfield,
Massachusetts; obtained through PharmaSystems Inc, Markham,
Ontario), and the other 4 were exposed to ambient fluorescent
room light. On study days 0, 1, 2, 3, 4, 8, 9, 10, 11, 14, 18,
21, 23, 25, 28, 30, 36, 42, and 61, the concentration of nor-
epinephrine was determined in duplicate, as described below,
and visual inspection was completed.

On each analysis day, 1-mL samples were drawn from each
PVC minibag, and 10-pL samples were injected directly into
the chromatographic system, in duplicate, without further
dilution or preparation.

Data Reduction and Statistical Analysis

After determination of the coefficient of variation for
replicate determinations of concentration for an assay, a power
calculation demonstrated that 2 replicates were required to
ensure that the analytical method could distinguish between
concentrations that differed by at least 10%."* Mean results
from different days for each test were compared statistically to
determine if there was an association between the observed
result and time (linear regression). Analysis of variance
(ANOVA) was used to test differences in degradation rate
between combinations of temperature, diluent, and concentra-
tion. The 5% level was used as the a priori cutoff for
significance. Concentrations were considered “acceptable” or
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“within acceptable limits” if the concentration was greater than
90% of the initial (day 0) concentration and the amount found
on that day, with 95% confidence, exceeded 90% of the initial

concentration.

RESULTS

Accelerated Degradation and
Assay Validation

Degradation of norepinephrine with heat and base (pH
8.264) occurred relatively quickly, such that less than 1% of the
initial norepinephrine concentration remained after 37 min. As
the norepinephrine concentration decreased, degradation
products eluted at 1.3, 1.7, 2.1, 2.5, 2.8, and 4.8 min. These
degradation products were well separated from norepinephrine,
which eluted at 5.5 min (Figure 1). Degradation appeared
to occur in a first-order fashion, with a half-life of 5.5 min
(r=0.9969, 7 = 8). Degradation of norepinephrine with heat
and acid (pH 1.977) occurred more slowly, such that about
80% of the initial norepinephrine concentration remained after
142 h. As a result of the chromatographic separation of these
degradation products from norepinephrine, and the similarity
of the UV spectrum (200-320 nm) between a fresh
norepinephrine sample and norepinephrine in a degraded
sample, it was concluded that this analytical method was
stability-indicating."”"”

Assay validation demonstrated that the absolute deviation
from the known concentration for quality control samples and
standards on any day averaged 2.1%. Replicate error within
a day averaged less than 0.6% for standards and 0.5% for
quality control samples.

Analysis of accuracy and reproducibility during the study
period indicated that the norepinephrine concentration was
measured accurately and reproducibly. Accuracy, based on the
mean of duplicate determinations of standards over the study
period, showed that there was less than 1.5% absolute deviation
from the expected concentration. Replicate error within a day
(as measured by the coefficient of variation) averaged less than
0.5% for standards. Between-day variation, as measured by the
coefficient of variation in terms of the slope of the standard
curve from day to day, averaged 4.2%. This was similar to the
observed standard deviation of regression for percent remaining
0f 3.95%. This result indicates that differences of 10% or more
could be confidently detected with acceptable error rates'*
with duplicate analysis. System suitability criteria were
developed on the basis of daily calculations of theoretical plates,
tailing, retention time, and accuracy observed during the
validation period and were used to ensure continued
chromatographic performance during the study period. On
each day, the mobile phase was prepared to ensure a retention
time for norepinephrine between 4.9 and 5.2 min.
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Figure 1. Accelerated degradation of norepinephrine. A:
Solution of norepinephrine 40 mg/L in water at pH 8.264 (time
0). B: After 10 min at 80°C, 26% of the initial concentration
remained. Norepinephrine eluted at 5.5 min. Arrows indicate
unidentified degradation products eluting at 1.3, 1.7, and
2.1 min. Additional degradation products, not evident at this
scale, eluted at 2.5, 2.8, and 4.8 min. All of the degradation
products were well separated from norepinephrine.

Stability of Norepinephrine

For each set of storage conditions, the initial concentration
and the percent remaining on each study day during the study
period is reported (as mean of replicate analyses) in Table 1. Rep-
resentative chromatograms for D5W solutions on days 0 and 61
showed very small amounts of degradation products (Figure 2).

Analysis of variance revealed differences in percent
remaining due to study day (p < 0.001) and protection from or
exposure to light (p < 0.001), but revealed no differences due to
diluent (p = 0.06) or temperature (p > 0.99).

Inspection of the fastest degradation rates observed with
95% confidence (Table 1) revealed that solutions protected
from light had slower degradation rates and took 2 to 8 times
longer to reach 90% of the initial concentration (T-90) than
solutions stored without protection from ambient fluorescent
light. Inspection of the concentration remaining on day 61,
based on the fast degradation rates with 95% confidence (Table
1), revealed that all solutions stored with protection from light
lost between 3.6% and 12.3% (mean 6.2%) of their initial
concentration, regardless of storage temperature. In contrast,
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Figure 2. Chromatograms obtained during the 61-day stability
study. A: Solution of norepinephrine 64.5 mg/L in 5% dextrose in
water (D5W) on study day 0. B: Solution of norepinephrine
64.5 mg/L in D5W after 61 days of storage at 23°C, protected
from light, with undetectable loss. C: Solution of norepinephrine
64.5 mg/L in D5W after 61 days of storage at 23°C with no
protection from light; 93% of the original concentration remains.
D = degradation products (see arrows). These degradation
products were identical in retention time with those observed in
the accelerated degradation study (Figure 1). It was apparent that
5-hydroxy methyl furfural, a degradation product of dextrose
that was observed only in solutions prepared with D5W,
increased over the course of the study and increased to a greater
extent in solutions that were unprotected from light.

solutions exposed to ambient fluorescent light lost between
10.5% and 22.6% (mean 17.4%) of their initial concentration.

DISCUSSION

Based on the fastest degradation rate observed, with 95%
confidence, this study has demonstrated that solutions of
norepinephrine, diluted in NS or D5W to a concentration of
64.5 mg/L and stored for 60 days with protection from light at
4°C and then at room temperature for an additional 24 h, will
retain more than 95% of the initial concentration. Solutions
that are not protected from light will retain only 90% of the
initial concentration with storage for 39 days at 4°C. This
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Table 1. Stability of Norepinephrine during Storage, Expressed as Percentage of
Original Concentration Remaining*

D5W NS
Protected from Light Exposed to Light Protected from Light Exposed to Light
Study day RT 2°C RT 4°C RT 2°C RT 4°C
Observed initial
concentration
(mg/L) 70.06 64.46 66.18 66.67 66.79 63.26 65.29 65.84
100.00 100.00 100.00  100.00 100.00  100.00 100.00  100.00

1 103.20 102.71 103.49 103.22 103.35 103.16 105.16  101.92
2 95.85 103.94 97.59 93.97 98.28  100.24 100.04 95.03
3 99.79 98.50 102.79  100.16 103.20  102.62 103.26  101.80
4 103.25 103.61 10435 103.54 103.67 104.66 106.36  104.02
8 102.97 102.00 104.49 99.63 100.31 103.79 104.70 101.79
9 104.37 104.39 105.89  102.15 106.53 106.21 105.70 104.60
10 102.19 102.12 105.22 99.56 104.82 105.16 107.32 102.23
" 102.82 102.43 104.74 99.53 104.72 104.96 106.93 103.30
14 105.61 104.90 106.02 102.46 106.75 108.16 106.01 102.14
18 102.67 103.39 93.46 95.68 97.14 115.621 96.11 98.16
21 101.30 99.22 91.90 92.75 110.89t 103.21 98.75 99.16
23 100.69 104.11 98.02 94.79 100.31 103.72 92.22 97.78
25 118.421  102.05 106.36 94.91 84.83t 108.73 101.35  102.57
28 101.54 94.69 85.75t  93.03 95.05 103.94 94.42 96.32
30 101.30 102.42 92.64 94.82 99.95 103.34 93.18 96.79
36 104.24 102.36 95.48 94.60 102.68  104.13 95.97 96.74
42 102.94 102.66 96.36 93.16 102.88 103.46 94.57 97.21
61 104.54 103.94 93.46 94.14 103.84 105.06 94.46 98.00
SD from
regressiont 4274 2.535 5.176 2.873 5.607 3.444 3.885 2.604
Degradation
rate (%/day)$8 -0.0596 -0.0728 -0.3711 -0.2485 -0.2019 -0.0720 -0.3486 -0.1719
T-90 (days)81l 167.9 137.5 26.9 40.2 49.5 138.8 28.7 58.2
% remaining§**

Day 14 99.2 99.0 94.8 96.5 97.2 99.0 95.1 97.6

Day 28 98.3 98.0 89.6 93.0 94.3 99.0 90.2 95.2

Day 61 96.4 95.6 77.4 84.8 87.7 95.6 78.7 89.5
% remaining
with storage

At 4°C for

28 days 97.96 93.04 97.98 95.19

At 4°C for

38 days 97.23 90.56 97.26 93.47

For 1 additional

day at 23°Ctt 97.18tt 90.191+ 97.06t+ 93.121+

At 4°C for

60 days 95.64 85.09 95.68 89.69

For 1 additional

day at 23°Ctt 95.58tt 84.721% 95.48t+ 89.341t

D5W = dextrose 5% in water, NS = normal saline (0.9% NaCl), RT = room temperature (23°C), SD = standard deviation.

*Each value is based on duplicate determination of 3 samples. The percent remaining is based on the observed concentration on
day 0 (100%).

tBad chromatography observed. Rather than discard these results, the divergent results are shown. The inclusion of divergent results
increases the variability in observed results (note especially the increase in the standard deviation from regression). This ultimately
widens the confidence intervals and shortens expiration times and T-90s.

$Degradation rate was determined by linear regression of percent remaining on each study day.

§Fastest degradation rate and T-90 are based on a lower 95% confidence limit of the slope determined by regression.

9T-90 is the time for the concentration to change by 10% based on the degradation rate.

**Percent remaining, with 95% confidence, was based on the initial observed concentration (100%) and the fastest degradation
rate as determined by regression.

t1Using the fastest observed degradation rates determined by regression (95% confidence interval), calculations are completed
for a solution stored under the specified conditions (temperature, solution, and protection from light) for a period of time at 4°C
as well as an additional 24 h at room temperature (23°C).
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storage period could include up to 24 h of storage at room
temperature, without protected from light.

These results are in general agreement with all previously
published studies,”'* which have all demonstrated the stability
of norepinephrine. Of the papers published in English and
reporting results obtained with stability-indicating analytical
methods,”*"* the study duration was relatively short, at only
24 h,'*213 36 h,” or 7 days." Study duration was not actually
specified by Newton and others” but can be inferred from data
presented in the report. Similarly, study duration was not
specifically mentioned by Allwood," but appears to have been
30 days. The time to achieve 90% of initial concentration was
reported as 104 days for a 7.17 mg/L solution” and as 114 days
for a 16 mg/L solution or 174 days for a 40 mg/L solution
protected from light." Although the data suggested stability for
a period in excess of 100 days, Allwood" recommended a
shelf-life of only 30 days, a conclusion that may be constrained
by the unspecified study duration in that study." Both All-
wood'" and Tremblay and others' found that norepinephrine
was equally stable in dextrose and in saline solutions, in
agreement with this study but in opposition to the product
monograph.* In this study, ANOVA revealed no difference in
stability due to diluent (p = 0.06). Although some might
consider this a “trend”, we would point out that the time to
achieve 90% of the initial concentration (10% loss) was 26.9
days with D5W solutions stored without protection from light
at room temperature but 28.7 days for the saline solution
stored under similar conditions. This nonsignificant difference
actually “trends” in the opposite direction from the statements
in the product monograph. The product monograph® also
indicates that norepinephrine should be protected from light,
and we observed that light was the single most significant
factor affecting stability, whereas temperature and diluent had
no such effect on stability. None of the previously published
studies evaluated the effect of light.™"

We conclude that a 61-day expiry date is suitable for
64.5 mg/L solutions of norepinephrine in D5W or NS, when
stored at 4°C with protection from light. This expiry date
allows for up to 24 h storage at 23°C. The expiry dates reported
in this study should be used only after due consideration of
sterility and the contamination rate in any particular IV
additive program.
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