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ABSTRACT

Background: N-Acetylcysteine (NAC) administered by the IV route is the
current treatment of choice for acetaminophen overdose. However, the
protocol approved by health authorities in most countries has a complex
dosing regimen, which leads to dosage errors in one-third of cases.
Therefore, the Canadian Antidote Guide in Acute Care Toxicology and
individual poison centres have begun to recommend a simplified regimen
using continuous IV infusion. Unfortunately, no study has demonstrated
the stability of IV solutions of NAC at concentrations above 30 mg/mL or
in solutions other than 5% dextrose.

Objective: To evaluate the stability of solutions of NAC 60 mg/mL in
0.9% sodium chloride, 0.45% sodium chloride, or 5% dextrose, stored
for up to 72 hours in polyvinyl chloride (PVC) bags at 25°C.

Methods: Solutions of the desired concentration were prepared from
a commercial solution of NAC 200 mg/mL, with dilution in 0.9%
sodium chloride, 0.45% sodium chloride, or 5% dextrose, and were
then stored at room temperature in PVC bags for up to 72 hours. At
predetermined time points (0, 16, 24, 40, 48 and 72 h), samples were
collected and analyzed using a stability-indicating high-performance
liquid chromatography method. A solution was considered stable if

it maintained at least 90.0% of its initial concentration. Particulate
matter count was also evaluated to confirm chemical stability. Finally,
organoleptic properties, such as odour and colour, were evaluated to
assess the stability of the solutions.

Results: All solutions maintained at least 98.7% of their initial
concentration. No obvious changes in odour or colour were observed.
Moreover, particle counts remained acceptable throughout the study,
according to the criteria specified in United States Pharmacopeia (USP)
General Chapter <788>.

Conclusions: NAC 60 mg/mL, diluted in 0.9% sodium chloride, 0.45%
sodium chloride, or 5% dextrose and stored in PVC bags at 25°C, was
chemically and physically stable for a period of at least 72 hours.
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RESUME

Contexte : La N-acétylcystéine (NAC) administrée par IV est actuellement
le traitement de choix en cas de surdose d'acétaminophéne. Cependant,

le protocole approuvé par les autorités sanitaires de la plupart des pays
s'accompagne d'un schéma posologique complexe qui entraine des
erreurs de dosage dans un tiers des cas. C'est pourquoi, le Guide canadien
des antidotes en toxicologie d'urgence et les centres antipoison ont
commencé a recommander un schéma simplifié utilisant des perfusions IV.
Malheureusement, aucune étude n'a permis de démontrer la stabilité des
solutions IV de NAC a des concentrations supérieures a 30 mg/mL ou dans
des solutions autres que 5 % de dextrose.

Objectif : Evaluer la stabilité des solutions de 60 mg/mL de NAC dans

0,9 % de chlorure de sodium, 0,45 % de chlorure de sodium ou 5 % de
dextrose, stockées jusqu’a 72 heures dans des pochettes de chlorure de
polyvinyle (PVC) a 25 °C.

Méthodes : Les solutions ont été préparées a partir d'une solution
commerciale de 200 mg/mL de NAC, avec une dilution dans 0,9 % de
chlorure de sodium, dans 0,45 % de chlorure de sodium ou dans 5 % de
dextrose. Elles ont ensuite été stockées a température ambiante dans des
pochettes en PVC pendant une période allant jusqu’a 72 h. A des instants
prédéterminés (0, 16, 24, 40, 48 et 72 h), des échantillons étaient recueillis
et analysés a |'aide d'une méthode de chromatographie en phase liquide a
haute performance indiquant la stabilité. Si la solution préservait au moins
90 % de sa concentration initiale, elle était jugée stable. Un comptage de
particules a aussi permis de confirmer la stabilité chimique. Finalement, les
propriétés organoleptiques, comme I'odeur et la couleur, ont été examinées
pour évaluer la stabilité des solutions de NAC.

Résultats : Toutes les solutions préservaient au moins 98,7 % de leur
concentration initiale. Aucun changement manifeste d'odeur ou de couleur
n'a été observé. De plus, le nombre de particules est resté acceptable
pendant toute la durée de I'étude selon les critéres indiqués dans le
chapitre général de la Pharmacopée américaine (USP) <788>.

Conclusions : La solution de 60 mg/mL de NAC, diluée dans 0,9 % de
chlorure de sodium, dans 0,45 % de chlorure de sodium ou dans 5 % de
dextrose et stockée dans des pochettes en PVC a 25 °C était chimiquement
et physiquement stable pendant au moins 72 h.

Mots-clés : N-acétylcystéine, stabilité, antidote, surdose
d'acétaminophéne
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INTRODUCTION

For more than 40 years, N-acetylcysteine (NAC) admin-
istered by the IV route has been used as the treatment of
choice for acetaminophen (paracetamol) overdose. How-
ever, the 21-hour protocol approved by the health authorities
of most countries has a complex dosing regimen: 150 mg/kg
(maximum 15 g) of NAC in 3 mL/kg (up to 200 mL) of
5% dextrose in water (D5W) over 1 hour, 50 mg/kg (max-
imum 5 g) of NAC in 7 mL/kg (up to 500 mL) of D5W over
4 hours, and then 100 mg/kg (maximum 10 g) of NAC
in 7 mL/kg (up to 1000 mL) of D5W over 16 hours.! This
means that nurses must administer 3 bags, each with a dif-
ferent concentration, to each patient. In a study by Hayes
and others,? one-third of patients experienced medication
errors related to the 3-bag protocol. Recently, many poison
centres and toxicologists have begun to recommend a 1-bag
or 2-bag regimen to simplify the prescription and admin-
istration of the antidote and to minimize the potential for
medication errors.®

The Canadian Antidote Guide in Acute Care Toxicol-
ogy, which brings together the recommendations of Can-
ada’s 5 poison centres, states that continuous IV infusions
of NAC should be administered using a volumetric pump.®
In 2016, the US Food and Drug Administration contracted
the American Society of Health-System Pharmacists to
develop and implement national standardized concentra-
tions for IV medications, in an effort called the Standard-
ize 4 Safety Initiative.” Antidotes are high-risk medications
used to treat medication errors and are typically adminis-
tered to critically ill patients. Thus, antidotes should be con-
sidered in the development of standardized concentrations.

Little stability data are available in the literature con-
cerning IV solutions of NAC. Dribben and others® showed
that NAC at a concentration of 30 mg/mL in polyvinyl
chloride (PVC) bags containing 5% dextrose is physically
and chemically stable at room temperature (25°C) for a
60-hour period. In that study, less than 10% of the NAC was
lost over 60 hours, and 10% to 15% was lost over 72 hours.
The US manufacturer’s package insert states that NAC
(concentration unspecified) is physically and chemically
stable for 24 hours at room temperature in 0.45% sodium
chloride (container unspecified).” This information is not
provided in the monographs approved by Health Canada.!?
The results of other published studies have not been specific
to IV solutions and therefore cannot be extrapolated.!!?

When a patient is poisoned, clinicians always aim to
give the most concentrated solutions of any required anti-
dotes. The rationale is to limit the volume administered,
given that patients in this situation are often intoxicated
with multiple agents, and fluid overload must be avoided
(e.g., to prevent accumulation of fluid in the lungs).!*! The
objective of the current study was to evaluate the physical
and chemical stability of NAC 60 mg/mL in various diluents
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with storage in PVC bags at 25°C; as such, we tested twice
the maximum concentration that is known to be stable in
diluents that are currently used in clinical practice but for
which data are not yet available. The results of this analysis
could be used by pharmacists and toxicologists to estab-
lish a standard NAC concentration for IV administration
according to established procedures in their hospitals.

METHODS

Extemporaneous Preparations

Multiple solutions of NAC 60 mg/mL were prepared from a
200 mg/mL commercial solution (Teligent OU; lot 185061,
expiry May 2020). Sixty-millilitre samples of the com-
mercial solution (equivalent to 12 000 mg of NAC) were
transferred into 200-mL volumetric flasks using a 100-mL
graduated cylinder and brought to volume with either 0.9%
sodium chloride (Baxter; lot W8K16MO0, expiry May 2020),
0.45% sodium chloride (Baxter; lot W8J31A1, expiry April
2020), or 5% dextrose (Baxter; lot W8F26A1, expiry Decem-
ber 2019). The solutions all had a final concentration of
60 mg/mL.

Design of Stability Study

Each 60 mg/mL solution of NAC was packaged into three
150-mL PVC bags (Baxter; lot DR18120066), such that each
bag contained 60 mL of solution. The remaining quantity of
each solution (20 mL) was discarded. All of the bags were
incubated at 25°C + 2°C and 60% + 5% relative humidity
for up to 72 hours. At each time point (0, 16, 24, 40, 48,
and 72 hours), the bags were shaken for 10 seconds, and
a 1-mL aliquot was then retrieved from each bag using a
1-mL sterile syringe. From this 1-mL aliquot, only 20 uL
was precisely measured for further analyses. For each test
sample, the organoleptic properties (odour and colour)
were inspected, and the NAC concentration was assayed by
high-performance liquid chromatography with ultraviolet
detection (HPLC-UYV). Finally, at 0 and 72 hours, the par-
ticle count was evaluated by light obscuration using 25 mL
from each bag.

Liquid Chromatography

HPLC-UV Method

The HPLC system (Prominence UFLC, Shimadzu) was
equipped with an LC-20AD binary pump operating at a
flow rate of 0.6 mL/min, a DGU-20A5 solvent degasser, an
SPD-M20A multiple-wavelength photodiode array detector
set at 220 nm for NAC, an SIL-20AC HT refrigerated
autosampler at 5°C, and a CTO-20AC column oven at 25°C.
A Cl18 with polar end capping Hydro-RP Synergi 4 col-
umn (3.0 x 100 mm, 3 pm, Phenomenex) was used for this
study. The isocratic mobile phases consisted of 97% aque-
ous solution of o-phosphoric acid 14.6 mmol/L (solution
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from 85% o-phosphoric acid, Fisher Scientific; lot 173953)
and 3% methanol (Fisher Scientific; lot 144689). The total
run time for each injection was 15 minutes. Quantification
was performed using the area under the peak eluting at
approximately 3.1 minutes.

Preparation of Stocks and Standard Curve Solutions

A stock solution of NAC 10 mg/mL was prepared from bulk
powder (Sigma Aldrich; lot WXBC7926V) by dissolving
67.9 mg of NAC in 6.79 mL of a 10% methanol aqueous solu-
tion. Five standards with nominal concentrations of 0.25,
0.50, 0.75, 1.0, and 1.5 mg/mL were prepared by diluting the
stock solution with the 10% methanol aqueous solution to
create a calibration curve. These standards were analyzed
in triplicate using HPLC. The precision of this method was
assessed by evaluating the intraday coefficients of variation
of each standard’s peak area. The acceptable limit for the
coeflicient of variation was defined as less than 1%.

Sample Preparation for HPLC Injection

For the HPLC analysis, 20 puL of each test sample was first
diluted with 1 mL of 10% methanol aqueous solution in
a 1.5-mL centrifuge tube, vortex-mixed for 10 seconds,
and then transferred to a sealed 96-well plate (VWR;
lot 25114129). These injection solutions had a nominal con-
centration of 1.176 mg/mL and were analyzed in duplicate
immediately after preparation.

Forced Degradation of N-Acetylcysteine

A stock solution of NAC 10 mg/mL was prepared from bulk
powder by dissolving 67.9 mg of NAC in 6.79 mL of a 10%
methanol aqueous solution. A 0.5-mL volume of this solu-
tion was mixed with either 0.5 mL of water, 0.5 mL of aque-
ous hydrochloric acid 0.1 mol/L, 0.5 mL of aqueous sodium
hydroxide 0.1 mol/L, or 0.5 mL of 3% aqueous hydrogen
peroxide. These 4 solutions were then stored at 60°C for
3 hours. A 100-uL volume of the acidic solution was neu-
tralized using 50 pL of aqueous sodium hydroxide 1 mol/L
and then diluted with 850 pL of 10% methanol aqueous
solution. Similarly, 100 pL of the alkaline solution was neu-
tralized using 50 puL of aqueous hydrochloric acid 1 mol/L
and diluted with 850 uL of 10% methanol aqueous solution.
The water and peroxide solutions were directly diluted with
900 pL of 10% methanol aqueous solution. Finally, all of the
solutions were prepared as described above and analyzed
by HPLC. The chromatograms obtained from these analy-
ses were compared with the chromatograms obtained from
the NAC standard solutions and from a 1 mg/mL solution
of NAC in 3% aqueous hydrogen peroxide that was not sub-
jected to heat (because NAC in 3% aqueous hydrogen per-
oxide subjected to heating was completely degraded).

Particle Count by Light Obscuration

Particle count was evaluated in 25 mL of each bag of
NAC 60 mg/mL (1 = 9) at 0 and 72 hours using a light
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obscuration particle counter (LS-20 particle counter, Light-
house Worldwide Solutions). Each sample was run through
the instrument 3 times, in accordance with United States
Pharmacopeia (USP) General Chapter <788>,> which rec-
ommends using a sample with a minimum volume of 20 mL
spread across four 5-mL aliquots, with the results for the
first aliquot being discarded. To ensure that the prepara-
tion meets the USP criteria, the average number of particles
present in each test unit should not exceed 25 per millilitre
for particles equal to or greater than 10 pm in diameter and
should not exceed 3 per millilitre for particles equal to or
greater than 25 pm in diameter.!

RESULTS

No notable changes in odour (sulphur smell) or colour
(transparent) were observed in any of the solutions after
72 hours of storage under various conditions.

Regression analysis of the peak area of NAC versus
concentration of the NAC standard demonstrated linearity
over the range of concentrations tested, with a coefficient
of determination (R?) of 1.00. The coefficient of determin-
ation is used to evaluate the linearity of the method within
a specific concentration range. The closer this value is to 1,
the better the linear model is able to predict the concentra-
tion of a sample. The intraday coeflicients of variation cal-
culated for the triplicate injection samples were considered
acceptable (no greater than 1.0%), falling between 0.05%
and 0.18% for all standards of the calibration curve.

No peak overlap of NAC with excipients, impurities, or
degradation products was observed. The NAC peak impurity
index calculated between 190 and 250 nm was not less than
0.9999 in any case. The impurity index is considered valid
when it is close to 1. Therefore, in this case, the impurity
index was acceptable. The following recoveries were observed
after degradation: 88% in 3% aqueous hydrogen peroxide
at 25°C, 100% in water, 83% in aqueous hydrochloric acid
0.1 mol/L, 91% in aqueous sodium hydroxide 0.1 mol/L, and
5% in 3% aqueous hydrogen peroxide at 60°C (Figure 1).

Moreover, the concentration of NAC was at least 90.0%
of the initial concentration in all preparations stored in
PVC infusion bags at 25°C for up to 72 hours (Table 1).

Finally, the results obtained in the evaluation of par-
ticulate matter fell within the criteria for particulate mat-
ter in injection solutions specified by UPS General Chapter
<788> Test 1A for all samples, both at the initial time point
and after 72 hours of storage at 25°C and 60% relative
humidity (Table 2).

DISCUSSION

According to the HPLC analyses, solutions of NAC 60 mg/mL
prepared in 0.9% sodium chloride, 0.45% sodium chloride,
and 5% dextrose maintained at least 98.7% of their initial

CJHP - Vol.74,No. 4 - Fall 2021 JCPH = Vol. 74,n°4 « Automne 2021



S
)

Instrument response (a.u.)

C
o
A D
7 .
T E
ANES
0 2 4 6 8 10 12 14

Retention time (min)

FIGURE 1. Representative chromatograms of N-acetylcysteine, at nominal concentration of 1 mg/mL, in various
diluents with various storage conditions. A: In 10% methanol aqueous solution. B: In 3% aqueous hydrogen
peroxide not subjected to heating. C: In water, at 60°C for 3 hours. D: In hydrogen chloride 0.1 mol/L, at 60°C
for 3 hours. E: In sodium hydroxide 0.1 mol/L, at 60°C for 3 hours. F: In 3.0% aqueous hydrogen peroxide, at
60°C for 3 hours.

concentrations for up to 72 hours when stored at 25°C in that no physical or chemical changes occurred under the
PVC infusion bags. In addition, the particulate matter defined storage conditions.

counts demonstrated that these NAC solutions fell within To date, the only study that has evaluated the stability
USP specifications for particulate matter in solutions for of NAC in PVC infusion bags showed that 30 mg/mL solu-
injection, with fewer than 25 particles of diameter 10 um tions in 5% dextrose were stable at 25°C for a maximum
or larger per millilitre and fewer than 3 particles of diam- of 60 hours.? In addition, the US manufacturer’s package
eter 25 pm or larger per millilitre. The results also indicated insert states that NAC is physically and chemically stable

TABLE 1. Concentration of N-Acetylcysteine and Percent of Initial Concentration Remaining at Each Time Point after

Preparation in Various Diluents and Storage in Polyvinyl Chloride Bags at 25°C

Diluent; Data Type; Mean + SD

0.9% Sodium Chloride 0.45% Sodium Chloride 5% Dextrose

Time Assay (mg/mL) % of Initial Conc'n Assay (mg/mL) % of Initial Conc’n Assay (mg/mL) % of Initial Conc'n
Oh 58.8 +0.003 - 58.7 £0.001 - 59.0 £ 0.002 -

16 h 58.7 +£0.004 100.0+0.3 58.8 +0.006 100.1 £0.5 59.0 £0.003 99.9+0.3

24 h 58.8 £ 0.006 100.0 £ 0.5 58.6 £ 0.001 99.8+0.1 59.0 £ 0.003 99.9+0.2
40h 58.7£0.003 99.8+0.2 58.4+0.004 99.5+0.3 58.7+0.006 99.4+0.5

48 h 58.5 +0.001 99.7£0.1 58.4 +£0.004 99.5+0.4 58.5 +0.004 99.2+0.3

72 h 58.3+0.007 99.3+0.6 58.2+0.004 99.1+£0.4 58.2 +0.006 98.7+0.5

Conc'n = concentration, SD = standard deviation.
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TABLE 2. Particulate Matter in N-Acetylcysteine 60 mg/mL

Solutions Stored in Polyvinyl Chloride Bags at 25°C for
72 Hours

Storage Time;
No. of Particles/mL (Mean = SD)?

Diluent and Particle Size 0 hours 72 hours
In 0.9% sodium chloride
Particles > 10 pm 5.5+5.3 34+14
Particles > 25 pm 0.3£0.2 0.2£0.1
In 0.45% sodium chloride
Particles > 10 pm 3.8+0.3 1.8+£0.5
Particles > 25 pm 0.2+0.1 0.2+0.1
In 5% dextrose
Particles > 10 pm 2.7£0.6 21+£1.8
Particles > 25 pm 0.1+0.1 0.2£0.2

SD = standard deviation.
Data are based on samples analyzed in triplicate (n = 9).

for a maximum of 24 hours at 25°C in 0.45% sodium chlor-
ide and 5% dextrose.” However, this information is not pro-
vided in the monographs approved by Health Canada.!
Therefore, to our knowledge, the current study is the first
to demonstrate the stability of NAC 60 mg/mL diluted in
0.9% sodium chloride, 0.45% sodium chloride, and 5% dex-
trose solutions and stored in PVC infusion bags for up to 72
hours at room temperature.

When determining the most suitable standardized
solution of NAC for IV administration, clinicians should
consider the physical and chemical stability of the admix-
ture (as demonstrated in this study), as well as the most
concentrated solution (for critically ill patients needing
fluid restriction) suitable for peripheral IV administration,
given that most acetaminophen-intoxicated patients will
not have central line access.

Table 3 summarizes the calculated osmolarities of
final admixtures, considering the limits of commercially
available products. The osmolarities of the diluents used

TABLE 3. Calculated Osmolarity of N-Acetylcysteine in
IV Infusion Bags at Different Concentrations, Based

on Commercial Solution of NAC 200 mg/mL for IV
Administration

Diluent; Calculated Osmolarity
of Final Admixture (mOsm/L)

Final Concentration 5% 0.45% Sodium  0.9% Sodium
in Infusion Bags Dextrose Chloride Chloride
30 mg/mL 603 521 654
40 mg/mL 720 643 768
50 mg/mL 838 766 883
60 mg/mL 955 889 997
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to prepare these admixtures were 250 mOsm/L for 5%
dextrose, 154 mOsm/L for 0.45% sodium chloride, and
310 mOsm/L for 0.9% sodium chloride,'®!® whereas the
osmolarity of the 200 mg/mL solution of NAC was 2600
mOsm/L. Calculation of osmolarity for NAC 60 mg/mL in
5% dextrose is given as an example:

NAC fraction = 60 mg/mL x 1/200 mg/mL = 0.3
Dextrose fraction = 1 - NAC fraction=1-0.3=0.7

Final osmolarity = (NAC osmolarity x NAC fraction)
+ (dextrose osmolarity x dextrose fraction) =
(2600 mOsm/L x 0.3) + (250 mOsm/L x 0.7) = 955 mOsm/L

Caution should be applied with NAC 60 mg/mL solu-
tions in 5% dextrose and 0.9% sodium chloride, because the
osmolarity may be above the maximum osmolarity toler-
ated for peripheral IV administration. In addition, there is
no firm consensus within the scientific community con-
cerning maximum osmolarity. However, the latest guide-
lines published by the American Society for Parenteral
and Enteral Nutrition state that “an osmolarity up to 900
mOsm/L can be safely infused peripherally”.’?

Multiple adverse events and safety issues have been
reported with the standard 3-bag I'V regimen, consisting of
a loading dose of 150 mg/kg (maximum 15 g) of NAC in
3 mL/kg (up to 200 mL) of D5W infused over 60 minutes,
followed by 50 mg/kg (maximum 5 g) of NAC in 7 mL/kg
(up to 500 mL) of D5W infused over 4 hours, followed by
100 mg/kg (maximum 10 g) of NAC in 7 mL/kg (up to
1000 mL) of D5W infused over 16 hours.! For example,
Ferner and others?® prospectively analyzed 186 NAC
infusion bags prepared on site and found that only one-
third of the bags contained within about 10% of the antici-
pated dose of NAC. In addition, about one-tenth of the bags
contained 50% more NAC than expected. Smart infusion
pumps are now widely used in hospitals for safety reasons.?!
In its latest guidelines for optimizing safe implementation
and use of smart infusion pumps (published in 2020), the
US Institute for Safe Medication Practices recommended,
among other things, to standardize and limit the number
of drug concentrations for continuous and intermittent
infusions and to use commercially prepared solutions when
available.?? The standard IV regimen for NAC cannot be
programmed into smart infusion pumps, as there may be
too many different concentrations required. With many
hospitals and poison control centres seeking to use simpler
alternative I'V regimens for NAC,*>>2324 this study provides
health care professionals and the pharmaceutical industry
with data previously not available concerning the stability
of concentrated NAC.

CONCLUSION

Solutions of NAC 60 mg/mL prepared with 0.9% sodium
chloride, 0.45% sodium chloride, or 5% dextrose and stored
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in PVC bags at 25°C were stable for up to 72 hours. All of
the solutions, which were prepared from a commercial
200 mg/mL solution, maintained at least 90.0% of their
initial concentration under all tested storage conditions.
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