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Compatibility and Stability of Morphine
Sulphate and Naloxone Hydrochloride
in 0.9% Sodium Chloride for Injection

Charlotte Kistner, Mary H H Ensom, Diane Decarie, Gillian Lauder, and Roxane R Carr

ABSTRACT

Background: Naloxone may be administered in conjunction with
morphine to reduce the risk of opioid-induced pruritis. Combining
these drugs for coadministration may be beneficial, but little is known
about their physical compatibility and stability in combined solutions.

Objective: To describe the physical compatibility and stability of
morphine sulphate and naloxone hydrochloride (at various concentra-
tions) in IV admixtures.

Methods: The physical compatibility and stability of admixtures of mor-
phine 1000 pg/mL and naloxone 4 pg/mL, 12.5 pg/mL, and 25 pg/mL
in 0.9% sodium chloride were studied. For each concentration of
naloxone, one bag was stored at room temperature (22°C) for 72 h and
one bag was stored under refrigeration (4°C) for 30 days. For all
preparations, physical characteristics, including pH, colour, and
formation of precipitate, were evaluated. The samples were also analyzed
by a stability-indicating high-performance liquid chromatographic
method. Stability was defined as the retention of at least 90% of the
initial concentration.

Results: No notable changes in pH or colour and no macroprecipitation
were observed in any of the preparations after storage at 22°C for up to
72 h or at 4°C for up to 30 days. All preparations maintained more than
90% of the initial concentrations of morphine and naloxone at the end
of the respective study periods. The calculated lower limit of the 95%
confidence interval also indicated that 90% or more of the initial
concentration remained at the end of each study period.

Conclusion: Admixtures of morphine sulphate and naloxone
hydrochloride were stable for 72 h at room temperature and for 30 days
with refrigeration.
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RESUME

Contexte : La naloxone peut étre administrée en concomitance avec
la morphine pour réduire le risque de prurit induit par les opioides.
Lassociation de ces médicaments pour leur administration concomitante
peut étre bénéfique, mais on ne sait que peu de choses sur leur compati-
bilité physique et leur stabilit¢ dans des solutions combinées.

Objectif : Décrire la compatibilité physique et la stabilité¢ du sulfate de
morphine et du chlorhydrate de naloxone (2 diverses concentrations)
mélangés dans des solutions pour administration i.v.

Méthodes : La compatibilité physique et la stabilit¢ des mélanges de
morphine & 1000 pg/mL et de naloxone a 4 pg/mL, 12,5 pg/mL et
25 pg/mL dans du chlorure de sodium 4 0,9 % ont été étudiées. Pour
chaque concentration de naloxone, on a entreposé un sac 2 la température
ambiante (22 °C) pendant 72 heures et un autre au réfrigérateur (4 °C)
pendant 30 jours. Les propriétés physiques, notamment le pH, la couleur
et la formation de précipité, ont été évaluées pour toutes les préparations.
Les échantillons ont aussi ét¢ analysés & laide d’'une épreuve validée
mesurant la stabilité par chromatographie liquide haute performance.
La stabilité a été définie comme étant la rétention d’au moins 90 % de la
concentration initiale des agents.

Résultats : Aucun changement notable du pH ou de la couleur et aucune
formation de macroprécipité n'ont été observés dans I'ensemble des
préparations qui ont été conservées 2 une température de 22 °C pendant
un maximum de 72 heures ou & une température de 4 °C pendant un
maximum de 30 jours. Toutes les préparations ont conservé plus de 90 %
de leurs concentrations initiales de morphine et de naloxone 2 la fin de
leurs périodes d’étude respectives. La limite inférieure de lintervalle
de confiance 3 95 % indiquait également que 90 % ou plus de la
concentration initiale subsistait 4 la fin de chaque période d’étude.

Conclusion: Les mélanges de sulfate de morphine et de chlorhydrate de
naloxone sont demeurés stables pendant 72 heures 4 la température
ambiante et pendant 30 jours lorsqu'ils étaient réfrigérés.

Mots clés : naloxone, morphine, compatibilité

[Traduction par I'éditeur]
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INTRODUCTION
Morphine, an opioid analgesic, is well established for

controlling moderate to severe pain in children and
adults.” One common adverse effect of morphine is pruritus.
In a small study of 25 adult patients receiving morphine by
patient-controlled analgesia (PCA) for postoperative pain, 40%
were reported to have pruritus.? Pruritus has been reported to
occur in 9% to 77% of pediatric patients receiving continuous
morphine infusions,*” with some requiring discontinuation of
the infusion because the pruritus was intolerable.® Pruritus
secondary to morphine by IV infusion is postulated to be
mediated centrally via opioid receptors.™®!" Although intradermal
injection of morphine causes a local histamine reaction, release
of histamine is not believed to be responsible for the itching
caused by opioids administered spinally or systemically.”

Most existing therapeutic approaches to treatment of
opioid-induced pruritus are unreliable, are often ineffective,
and may increase the risk of adverse drug reactions.”"
For example, naltrexone was more effective than placebo in
reducing the incidence of pruritus (reduction of 34% to 62%),
but this drug also decreases analgesia.””'® Studies of nalbuphine
in adults have generated conflicting data: some studies report-
ed no reduction in pruritus,”” whereas others showed a lower
incidence of pruritus with nalbuphine than with placebo (13%
versus 78%, respectively)'® and lower pruritus scores (by 1 to 2
points on a 4-point scale)." In children, however, nalbuphine
has been shown to increase drowsiness'*" and is ineffective in
treating pruritus.” Droperidol has been found to decrease the
incidence of pruritus, but it also increases somnolence relative
to placebo.”*?' Studies of propofol at subanesthetic doses have
had conflicting outcomes, with either decreased or increased
pruritus and increased risk of oversedation and respiratory
depression.”*** Other agents, such as IV nalmefene, epidural
epinephrine, intramuscular hydroxyzine, IV diphenhydramine,
epidural clonidine, epidural prednisone, and IV ondansetron,
have been tested but were ineffective in reducing opioid-
induced pruritus.'>*%

Naloxone is a pure opioid antagonist that competes for
and displaces opioids at opioid receptor sites without having
any effect on the receptors themselves. This drug has been
reported to reduce the incidence of opioid-induced pruritus
among adult patients receiving morphine by postoperative
PCA, from 55% with placebo to 25% with naloxone.” No
respiratory depression was observed with naloxone, and no
differences in respiratory rate, sedation scores, blood pressure,
heart rate, or oxygen saturation between naloxone and placebo
groups were reported.” In children, naloxone “piggy-backed”
into patients’ morphine PCA infusions reduced the incidence
of pruritus from 77% in the placebo group to 20% in the
naloxone group.” In an underpowered pilot study (z = 16
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patients) examining co-infusion of morphine with low-dose
(0.25 pg/kg per hour) or high-dose (1 pg/kg per hour) naloxone,
trends suggested that the high-dose group had a lower
incidence of pruritus than the low-dose group.” The authors of
that study suggested further randomized controlled studies
comparing naloxone with placebo.”® Together, these data
indicate that naloxone may be effective in reducing opioid-
induced pruritus without increasing adverse effects or affecting
the quality of analgesia in patients receiving continuous
morphine infusions. Notably, in all of these studies, naloxone
was used as a preventive strategy and was started at the same
time as the opioid infusion, rather than being used to treat
established pruritus.

Combining morphine and naloxone at standard concen-
trations in a single container may be beneficial, as the naloxone
dose would increase or decrease proportionally with changes in
the morphine dose, and the patient would receive a bolus of
naloxone along with a bolus of morphine. Combining the
drugs may also decrease the risk of infusion rate errors®* and
might save time and resources by avoiding the need to mix and
hang more than one solution. Published data have confirmed
the Y-site compatibility of morphine sulphate (SO,) 4 mg/mL
with naloxone hydrochloride (HCI) 16 pg/mL from separate
infusion pumps run into the same IV site.” However, to the
authors’” knowledge, based on a search of tertiary compatibility
references and the primary literature (i.e., MEDLINE and
Embase databases), there have been no studies investigating the
chemical and physical compatibility of morphine and naloxone
in the same minibag at the standard concentrations used at the
authors’ institution. The standard concentrations at the
authors institution are morphine SO, 1 mg/mL in 0.9%
sodium chloride (NaCl) for PCA and naloxone HCI 4 pg/mL
in 0.9% NaCl for prevention of itching or urinary retention
during epidural administration of morphine. For the stability
study reported here, 3 concentrations of naloxone (4 pg/mlL,
12.5 pg/mL, and 25 pg/mL) were tested. Having information
about multiple concentrations would allow clinicians to adjust
the morphine dosage according to the patient’s clinical
situation, with options as to the amount of naloxone being
co-infused to treat pruritus.

The purpose of this study was to determine the compatibil-
ity of morphine SO, and naloxone HCl when combined and
stored in minibags at room temperature and under refrigeration.

METHODS
Procedures

Stock solutions of morphine SO, and naloxone HCI were
prepared from commercially available (premixed) solutions.
These stock solutions were prepared in a laminar flow hood
using aseptic technique. All solutions, both premixed solutions
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and admixtures prepared immediately before the experiment,
were contained in polyvinyl chloride minibags (Baxter
Corporation, Toronto, Ontario; lot UR12112127).

Morphine SO, was acquired premixed 100 mg/100 mL
(concentration 1000 pg/mL) in 0.9% NaCl (Baxter Corporation;
lots T66043 and T65135). A total of nine 200-mL bags of
morphine were prepared; for each 200-mL bag, the contents of
2 premixed 100-mL bags were transferred into one empty
minibag. The appropriate amount of naloxone HCI 1 mg/mL
(Sandoz Canada, Boucherville, Quebec; lot AR2903) was then
added to generate each test concentration, as described in Table
1 (three 200-mL minibags for each concentration). Because
volumes of naloxone 1 mg/mL were added to the prepared
200-mL bags of morphine in 0.9% NaCl, and because the
original 100-mL bags contained saline overfill, the final
concentrations were approximate. The nominal concentrations
were as follows:

¢ naloxone 4 pg/mL and morphine 1000 pg/mL (I mg/mL)

* naloxone 12.5 pg/mL and morphine 1000 pg/mL

* naloxone 25 pg/mL and morphine 1000 pg/mL

The physical characteristics of each solution were evaluated
qualitatively at the time of preparation and then every day for
the first 2 weeks and every other day for the next 2 weeks (until
day 30). Each solution was examined for changes in colour
(against white and black backgrounds) and for formation of
precipitate. Minibags containing the combined solutions were
stored at 4°C or at 22°C; those stored at 4°C were allowed to
equilibrate to 22°C before sampling. Three aliquots from each
sample from the combination solution minibags were then
collected to determine the pH. The pH meter (model 8000,
VWR International, Mississauga, Ontario) was calibrated with
commercially available standards at the beginning of each test
session. Immediately following the physical observations,
samples (1.5 mL each) were transferred to 2-mL polypropylene
vials (VWR International; lot 325792596) and immediately
stored at -85°C. Throughout the study period, the same
individual (C.K.) performed assessments of physical character-
istics and collected the samples. Samples were stored frozen
until analysis by a stability-indicating high-performance liquid

Table 1. Admixture of Naloxone-Containing Solutions

Amount of Naloxone HCI
1 mg/mL To Be Added (mL)

Desired Approximate To 200 mLof To 100 mL of
Concentration of Morphine SO, Morphine SO,
Naloxone HCI (ug/mL) 1 mg/mL* 1 mg/mL*
4 0.8 0.4
12.5 2.5 1.25

25 5 2.5

*Morphine sulphate in 0.9% NaCl.
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chromatography (HPLC) — ultraviolet detection method.
Precision of the assay was evaluated by intraday and interday
validation methods. Accuracy of the assay was calculated as the
mean deviation between nominal and observed concentrations.
Means, standard deviations (SDs), coefficients of variation
(CVs), and accuracy were calculated. Acceptable limits were
defined a priori as up to 10% for CVs and 90% or better for
accuracy.

A 6-point calibration curve was prepared, with 2 blanks
(water and 0.9% NaCl [Baxter Corporation, Mississauga,
Ontario; lot WOF30A1]) at the beginning of each run to
ensure no carry-over from one run to the next. Standards were
prepared by combining commercially available morphine SO,
1 mg/mL (Sandoz Canada; lot AR6494) and naloxone HCI
1 mg/mL (diluted in 0.9% NaCl to a concentration of
0.1 mg/mL) as required to obtain the following concentrations:
300 and 10 pg/mL, respectively; 250 and 6 pg/mL, respectively;
200 and 5 pg/mlL, respectively; 150 and 2.5 pg/mL, respec-
tively; 100 and 1.5 pg/mL, respectively; and 50 and 0.5 pg/mL,
respectively. The internal standard was prepared by diluting
ketamine HCI 25 mg/mL (Sandoz Canada; lot AP8595) in
0.9% NaCl to a concentration of 250 pg/mL and then adding
this internal standard to the prepared standards to a final
concentration of 25 pg/mL. Each standard solution was passed
through a 0.45-pm microfilter to prevent injection of
impurities onto the column. The range of the standard curve
encompassed the test concentrations of morphine and
naloxone diluted for HPLC analysis (as described below). The
intraday variation was determined by running morphine at
concentrations of 80, 180, 200, and 220 pg/mL and naloxone
at concentrations of 0.7, 2.0, 4.0, and 8.0 pg/mL in quadru-
plicate throughout a single day. The interday variation was
determined by running the same analyte concentrations for
each drug in quadruplicate for 4 days.

On the day of analysis, the study samples were thawed,
mixed by vortex mixer for 10 s, and prepared by combining
200 pL of each study sample with 100 pL of ketamine and
700 pL of 0.9% NaCl for the samples stored at 22°C and 4°C.
The theoretical final concentrations of morphine and naloxone
injected onto the column were 200 and 0.8, 200 and 2.5, and
200 and 5.0 pg/mL, respectively. The final concentration of
ketamine was 25 pg/mL. Each solution was passed through a
0.45-pm microfilter before injection of a 15-pL sample onto
the column.

HPLC Methods
Reagents and Chemicals

All solvents were HPLC-grade and were filtered before use.
All reagents and chemicals with expiry dates were used before
their respective expiry dates.
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Instrumentation C18 5-pm (3.9 mm x 20 mm) guard column (Waters Alliance

System Ltd; lot 02493202091), and an ultraviolet detector set

The HPLC instrumentation (Waters Alliance System
at 203 nm. The mobile phase developed in the authors

model 2690, Waters Ltd, Mississauga, Ontario) consisted of a
laboratory on the basis of previous work consisted of a gradient

mixture of 5.2%—25%—5.2% acetonitrile (VWR International,

Edmonton, Alberta; lot 49027), 5.2%—-27.5%-5.2% methanol

delivery pump, an automatic injector equipped with a 200-pL
injector, a Symmetry C18, 3.5-pm (100 mm x 4.6 mm) silica
column (Waters Alliance System Ltd; lot 01953019514077), a

Table 2. Intraday and Interday Coefficients of Variation and Accuracy for
Morphine Sulphate and Naloxone Hydrochloride in Combined Solutions

Coefficient of Variation* Accuracyt
Standard (ug/mL) Intraday Interday Intraday Interday
Morphine SO,
80 1.94 2.62 95.2 +2.56 922 +2.62
180 1.60 1.64 982 +063 982=x1.64
200 1.1 2.23 96.9+2.17 969+223
220 1.17 1.65 97.7+132 97.7+1.65
Naloxone HCI
0.7 5.85 8.30 96.3 +4.20 98.7 + 8.30
2 413 4.45 96.1 + 3.44 97.0 £ 4.45
4 2.39 2.56 99.1 +£0.79 100.0 +2.56
8 4.30 4.44 97.5+190 97.7+4.44
*Acceptable limit for coefficient of variation: < 10%.
tAcceptable limit for accuracy: > 90%.
1.507 < Standard Morph 200 ug
IS Ketamine 25 ug
Standard Nal 5 ug
"Uos0 T oo T tso T 200 0 280 300 350 400 450 500 550 600 650
Minutes
Degraded Morph 200 ug / Nal 5 ug
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Figure 1. Top: Chromatogram for undegraded admixture, showing retention times of 1.65 min for morphine, 4.00 min for
naloxone, and 2.98 min for ketamine. Middle: Chromatogram for degraded preparation shows shortening of the morphine
retention time (to 1.33 min) and 23.3% reduction in the morphine peak, as well as disappearance of the naloxone peak.
Bottom: Overlay of top and middle chromatograms shows no interfering peaks. AU = arbitrary absorbance units.
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(Fisher Scientific, Richmond, British Columbia; lot 0869535),
and 89.6%-47.5%-89.6% 5 mmol/L potassium phosphate
buffer (Sigma Aldrich, Oakville, Ontario; lot 107K0100) pH
3.5, which was run over a period of 6.5 min.* The flow rate
fluctuated between 1.0 and 1.5 mL/min.

Degradation of Morphine and Naloxone

A combined solution of morphine 1000 pg/mL and nalox-
one 25 pg/mL was prepared in 0.9% NaCl. The pH, initially 4.8,
was adjusted to 9.0 with 2N sodium hydroxide, and the sample
was incubated for 72 h at 90°C. The sample was cooled to room
temperature and the pH readjusted to 4.8 with 1N hydrochloric
acid. The sample was then adjusted with 0.9% NaCl to
concentrations of morphine 200 pg/mL and naloxone 5 pg/mL,
exposed to daylight for 72 h, and then filtered and injected onto
the column. The chromatogram obtained for the degradation
was compared with a chromatogram obtained from the standard
curve to determine any changes in concentrations, retention

time, and shape of the peak.

Statistical Analysis

Means, SDs, CVs, and accuracy were calculated for
samples analyzed in triplicate (experimental samples) or qua-
druplicate (validation standards). The percentage of the initial
concentration of morphine and naloxone remaining was
calculated for each sample, and stability of each drug was
defined as maintenance of at least 90% of the initial concentra-
tion. The percentage of each drug remaining at the end of the
study period after storage at room temperature and 4°C was
calculated from the concentrations measured at the end of
the study period, as determined by linear regression and the
concentrations calculated at time 0, according to the following
formula: concentration at end of study period + concentration
at time 0 x 100%. The 95% confidence interval (CI) of the

Table 3. Measured pH of Combined Solutions of
Morphine Sulphate and Naloxone Hydrochloride
Stored at Room Temperature (22°C) or Under
Refrigeration (4°C)*

22°C 4°C
452 +0.065 4.48 +£0.091

Combined Solution
Naloxone 4 pg/mL +

morphine 1000 pg/mL
Naloxone 12.5 pg/mL +

morphine 1000 pg/mL
Naloxone 25 pg/mL +

morphine 1000 pg/mL
*Data presented as mean + standard deviation (n = 3).
Duration of storage was 72 h for room temperature storage
and 30 days for refrigerated storage.

450+0.114 4.49 +£0.098

439+0.086 4.40+0.101

amount remaining at the end of the study period was calculated
from the lower limit of the 95% CI of the slope of the
curve relating concentration and time, determined by linear
regression via computer analysis according to the following
formula: lower limit of the 95% CI of the concentration at the
end of study period + concentration at time 0 x 100%.

RESULTS

Regression analysis of the peak area ratio of morphine and
naloxone to ketamine (internal standard) versus the concentra-
tion of each morphine and naloxone standard demonstrated
linearity over the range of concentrations, with coefficients of
determination () greater than 0.996 (7 = 4) for morphine and
greater than 0.997 (n = 4) for naloxone. The intraday and
interday CVs for both drugs were less than 10% and therefore
within acceptable limits (Table 2). Intraday and interday
accuracy were also within acceptable limits (greater than 90%)
(Table 2). The detection limits were 0.25 pg/mL for morphine
and 0.15 pg/mL for naloxone. The retention times were
1.65 min for morphine, 4.00 min for naloxone, and 2.98 min
for ketamine (Figure 1, top).

Table 4. Morphine Sulphate and Naloxone Hydrochloride Remaining After Storage at Room Temperature (22°C)

Mean Concentration + SD (ug/mL) (% of original)*

Study Time (hours) Morphine SO, Naloxone HCl | Morphine SO, Naloxone HCl | Morphine SO, Naloxone HCl
(1000 pg/mL)t (4 pg/mL)t | (1000 pg/mL)t (12.5 pg/mL)t | (1000 pg/mL)t (25 pg/mL)t
Initial measured 100157 £49.12 394 +£039 |1016.58 + 19.69 12.39+0.912 | 956.71+8.06 23.53 +0.66
concentration (ug/mL) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
24 h 990.96 + 33.96 402 +0.16 [1012.38 £39.59 12.66 +0.354 | 97255+ 19.34 24.09+0.75
(102.50) (102.24) (99.60) (102.10) (101.70) (102.40)
43 h 998.42 +26.57  3.94+023 |1003.70 +64.64 12.45+0.83 |981.08 £1858 23.47+0.52
(102.46) (100.30) (98.70) (100.50) (102.50) (99.70)
72 h 979.55 + 62.88 390+043 [1002.51 £ 64.14 12.35+0.68 |1009.09 +43.36 23.39+0.37
(101.30) (100.30) (98.60) (99.70) (105.50) (99.4)
% remaining at 72 h by linear regression 101.4 99.0 98.5 99.2 105.2 98.7
Lower limit of 95% Cl for % remaining 92,6 90.6 97.2 91.7 101.6 90.0

Cl = confidence interval, SD = standard deviation
*Each mean value is based on analysis of 3 samples.
tNominal concentration.
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Table 5. Morphine Sulphate and Naloxone Hydrochloride Remaining After Refrigerated Storage (4°C)

Mean Concentration + SD (ug/mL) (% of original)*

Study Time (days) Morphine SO, Naloxone HCI Morphine SO, Naloxone HCI Morphine SO, Naloxone HCI
(1000 pg/mL)t (4 pg/mL)t (1000 pg/mL)t (12.5 pg/mL)t (1000 pg/mL)t (25 pg/mL)t

Initial measured 999.29 + 38.56 4.04£0.32 993.40 + 28.42 12.45+0.38 981.72 £ 21.62 2343 +1.38

concentration (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

(Hg/mL)

1 1007.37 + 38.57 4.02 £0.37 1034.71 + 63.86 1253+ 1.24 1027.24 + 61.24 2283 +1.05
(100.81) (99.58) (104.16) (100.66) (104.64) (97.47)

2 1005.48 + 49.06 4.02 +0.07 989.60 + 15.42 12.28 +0.29 963.35+6.74 23.69 + 1.64
(100.62) (99.53) (99.62) (98.69) (98.13) (101.14)

3 1001.57 £ 29.39 411 £0.20 955.59 + 64.19 11.95 £ 0.51 1016.71 £ 5.77 2471 £0.22
(100.23) (101.78) (96.19) (96.05) (103.56) (105.50)

4 993.00 + 10.64 4.00+0.16 967.41 +42.51 12.35+0.70 982.28 + 52.26 24.16 + 1.88
(99.37) (99.01) (97.38) (99.26) (100.06) (103.13)

5 995.71 + 84.54 3.87+0.14 997.57 + 58.45 12.48 +0.90 1021.77 + 16.98 2421 +0.88
(99.64) (95.87) (100.42) (100.31) (104.08) (103.34)

6 1002.91 + 35.61 4.02 +0.42 104218 £7.12 1242 +0.43 981.53 + 29.66 22.89 + 0.62
(100.36) (99.58) (104.97) (99.82) (99.98) (97.73)

7 990.39 + 29.37 3.85+0.04 1015.18 + 37.89 12.35+0.10 1009.08 + 31.93 2322+ 047
(99.11) (95.37) (102.19) (99.21) (102.79) (99.11)

8 1033.41 +£20.45 3.94 +0.40 969.51 + 10.98 12.28 +1.02 1005.31 + 23.65 2383 +0.47
(103.417) (97.52) (97.59) (98.69) (102.40) (101.72)

9 973.86 + 25.12 3.87£0.21 959.71 + 10.98 959.71 + 10.98 1011.79 £ 29.93 2394 +2.28
(97.45) (95.87) (96.61) (97.31) (103.06) (102.19)

10 1018.65 = 26.61 3.96 +0.34 1011.82 £21.22 12.11+0.20 1039.39+£5.70 23.85+0.47
(101.94) (98.02) (101.85) (97.28) (105.87) (101.79)

" 1000.53 + 20.87 418 £0.16 981.12 + 16.14 12.61 +0.97 936.46 + 50.9 21.70 £ 0.36
(100.12) (103.34) (98.76) (101.33) (95.39) (92.64)

12 953.36 + 24.05 4.08 £ 0.40 961.76 £ 0.93 12.12 £ 0.08 936.44 + 33.08 2227 +0.26
(95.40) (101.06) (96.81) (97.36) (95.39) (95.08)

13 1009.47 + 10.25 393025 957.77 £2.84 12.35+0.42 954.19 £ 2.72 22.85+0.20
(101.02) (97.20) (96.41) (99.26) (97.2) (97.55)

14 1011.98 £ 3.34 3.86 £0.26 980.47 + 54.28 12.97 +0.32 985.01 + 15.14 22.81+0.18
(101.27) (95.50) (98.70) (104.24) (100.33) (97.39)

16 1015.12 £ 30.24 3.89+0.31 1005.14 + 5.85 12.65 + 0.54 990.05 + 35.86 2394 +1.45
(101.58) (96.16) (101.18) (101.67) (100.85) (102.20)

18 1008.49 + 42.23 3.86£0.18 1002.70 £ 21.37 11.98 +0.34 1020.11 £ 19.42 23.36 £ 1.32
(100.92) (95.62) (100.94) (96.22) (103.91) (99.71)

20 1004.03 + 47.83 3.84 +0.31 1003.25 + 12.09 12.52 +0.18 1020.55 £ 13.70 24.09 = 0.59
(100.47) (94.95) (100.99) (100.59) (103.96) (102.85)

22 1004.14 + 45.66 3.78 £ 0.02 1013.08 £ 3.27 12.64 + 0.35 1002.56 £ 9.91 2425+ 1.24
(100.49) (93.56) (101.98) (101.57) (102.12) (103.51)

24 972.62 + 6.63 3.96+0.10 1016.50 + 16.56 12.57 £ 0.37 1031.78 £ 20.33 2452 +0.38
(97.33) (97.97) (102.32) (100.96) (105.10) (104.67)

26 983.39 + 16.81 3.78 £ 0.06 1007.03 = 14.99 12.34 £ 0.54 984.12 £ 17.84 2528 +1.15
(98.41) (93.51) (101.37) (99.13) (100.24) (107.93)

28 998.25 + 11.67 3.82+0.04 1011.52 £ 23.60 12.09 £ 0.82 1022.28 £ 1.07 23.61+0.24
(99.90) (94.43) (101.82) (97.13) (104.13) (100.78)

30 1028.29 + 74.86 376 £0.16 1036.44 + 29.76 12.45 + 0.54 971.48 + 10.38 22.99+0.32
(102.90) (93.02) (104.33) (100.0) (98.96) (98.16)

% remaining at 100.0 93.7 102.8 100.8 100.6 102.0

30 days by linear

regression

Lower limit of 97.3 90.0 99.1 97.9 96.1 96.8

95% Cl for %

remaining

Cl = confidence interval, SD = standard deviation.
*Each mean value is based on analysis of 3 samples.
tNominal concentration.
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When a combined sample of morphine and naloxone was
subjected to degradation, the morphine retention time was
shortened to 1.33 min and the peak was reduced by 23.3%.
The naloxone peak was undetectable after degradation (Figure
1, middle). No interfering peaks were detected (Figure 1,
bottom). Therefore, the method was deemed capable of
indicating stability.

No notable changes in colour or macroprecipitation
occurred in any of the samples over the duration of the study.
For samples mixed and stored in minibags at room temperature
for 72 h or at 4°C for 30 days, the pH varied little (Table 3).

The 95% CI of the slope determined by linear regression
indicated that the concentrations of all of the morphine—
naloxone admixtures stored at room temperature in minibags
for up to 72 h maintained at least 90% of the initial concen-
trations: 92.6% and 90.6%, respectively, for morphine
1000 pg/mL — naloxone 4 pg/mL; 97.2% and 91.7%,
respectively, for morphine 1000 pg/mL - naloxone
12.5 pg/mL; and 101.6% and 90.0%, respectively, for morphine
1000 pg/mL — naloxone 25 pg/mL (Table 4). The solutions
stored at 4°C in IV minibags for up to 30 days also maintained
at least 90% of their initial concentrations: 97.3% and 90.0%,
respectively, for morphine 1000 pg/mL — naloxone 4 pg/mlL;
99.1% and 97.9%, respectively, for morphine 1000 pg/mL —
naloxone 12.5 pg/mL; and 96.1% and 96.8%, respectively, for
morphine 1000 pg/mL — naloxone 25 pg/mL (Table 5).

DISCUSSION

The infusion of naloxone along with morphine may be
beneficial in reducing opioid-induced pruritus. Co-infusion of
the 2 drugs as an admixture may have additional benefits in
terms of both safety and efficacy, in providing the naloxone
bolus along with the morphine bolus.

On the basis of the 95% CI of the slope determined by
linear regression, it is predicted that morphine 1000 pg/mL
combined with naloxone 4, 12.5, or 25 pg/mL in 0.9% NaCl
will maintain at least 90% of initial concentration for 3 days
(72 h) at 22°C and 30 days at 4°C. Stability appeared to be
better under refrigeration: in some cases, the concentration of
naloxone declined to nearly 90% of initial concentration by
day 3 at room temperature, but concentrations of this drug
remained above 90% at day 30 with refrigeration. On the basis
of these data, morphine 1000 pg/mL can be admixed with any
of the 3 tested concentrations of naloxone, and the admixture
can be hung for up to 3 days at room temperature, as per
current guidelines at the authors’ institution. Admixtures of
morphine and naloxone can be prepared in advance using
sterile technique and conditions and stored under refrigeration
for up to 30 days.

Certain limitations of this study may be due to storage of
samples at -85°C until the time of the batch analysis. It was
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assumed that degradation of morphine and naloxone would
not occur at this low temperature and that there would be no
volume losses due to freeze-drying during storage. It was also
assumed that errors due to serial analysis would be greater than
any errors associated with batch analysis. Another potential
limitation was the lack of evaluation for possible contamination
of the minibags after the 30-day period of storage under
refrigeration. Other potential limitations are related to the
degradation methods: although the samples were exposed to
heat and daylight, no additional methods such as acid hydrolysis
and oxygenation were applied. Furthermore, the composition
of the degradation products was not analyzed.

CONCLUSIONS

According to serial qualitative, pH, and HPLC analyses,
solutions of morphine SO, 1000 pg/mL admixed with naloxone
HCI 4, 12.5, or 25 pg/mL in 0.9% NaCl in minibags for
storage at 22°C and 4°C were compatible for 3-day and 30-day
periods, respectively. Given that this trial has demonstrated the
physical compatibility and stability of these 2 agents, the next
step will be a clinical trial to determine if co-infusion of an
admixture of naloxone HCI with morphine SO, is effective in
preventing opioid-induced pruritus without decreasing the
quality of analgesia.
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