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ABSTRACT

Background: Clozapine oral suspension is not commercially available
in Canada but is required for administration to patients who cannot
swallow intact tablets.

Objective: To evaluate the stability of 25 mg/mL and 50 mg/mL
clozapine suspensions prepared in a 50:50 mixture of methylcellulose
gel 1% and Oral Syrup (flavoured syrup vehicle, Medisca Pharmaceutique
Inc) and stored in amber glycol-modified polyethylene terephthalate
(PET-G) bottles over 120 days at 4°C and 25°C.

Methods: This study used a validated reverse-phase stability-indicating
liquid chromatographic method capable of quantifying clozapine,

3 known degradation compounds, a known impurity, and an unknown
compound. Three separate batches of 25 mg/mL and 50 mg/mL clozapine
suspensions were prepared, divided into 100-mL aliquots, and stored

in 120-mL PET-G bottles. Half of the bottles from each concentration
were stored at room temperature (20°C to 25°C) and the other half
were stored in the refrigerator (2°C to 8°C). On study days 0, 28, 60,
90, and 120, concentrations of clozapine, each of the 3 known clozapine
degradation products, a known impurity, and an unknown compound
were determined.

Results: When suspensions were stored in PET-G containers at room
temperature or under refrigeration for 120 days, the concentration

of clozapine remained above 95% of initial concentration, and the
measured concentration of degradation products and impurities did
not exceed the 0.5% limits set by regulatory authorities worldwide. The
proportion of the initial concentration of clozapine remaining on day
120, based on fastest degradation rate with 95% confidence (1-sided),
exceeded 92%, and the only degradation product found (clozapine
lactam, 0.2%) and an unknown impurity (0.2%) also did not exceed
allowable limits.

Conclusions: Compounded clozapine suspensions of 25 mg/mL and
50 mg/mL can be stored in amber PET-G containers for up to 120 days
after preparation with storage at room temperature or under refrigeration.

Keywords: clozapine, stability, suspension

CJHP - Vol.74,No.3 = Summer 2021 JCPH = Vol.74,n°3 « Eté 2021

DOI: 10.4212/cjhp.v74i3.3150

RESUME

Contexte : La clozapine en suspension orale n'est pas disponible sur le
marché canadien, mais elle est nécessaire pour les patients qui ne peuvent
I'avaler sous forme de comprimé intact.

Objectif : Evaluer la stabilité des suspensions de clozapine de 25 mg/mL
et de 50 mg/mL, préparées dans un mélange 50:50 de gel méthylcellulose
a 1 % et de Sirop Oral (véhicule de sirop aromatisé, MEDISCA) et
conservées dans des flacons ambrés en polytéréphtalate d'éthylene modifié
au glycol (PET-G) pendant 120 jours a des températures de 4°C et 25°C.

Méthode : Cette étude a utilisé une méthode validée par chromatographie
liquide indicatrice de stabilité en phase inverse pouvant quantifier la
clozapine, trois composés de dégradation connus, une impureté connue
et un composé inconnu. Trois lots séparés de suspensions de clozapine de
25 mg/mL et de 50 mg/mL ont été préparés, divisés dans des aliquotes de
100-mL et stockés dans des flacons en PET-G de 120-mL. La moitié des
flacons de chaque concentration a été conservée a température ambiante
(de 20°C a 25°C), et I'autre moitié au réfrigérateur (de 2°C a 8°C). Aux
jours 0, 28, 60, 90 et 120 de I'étude, on a déterminé les concentrations
de clozapine, celles de chacun des trois produits de dégradation de la
clozapine, celles d'une impureté connue et d'un complexe inconnu.

Résultats : Lorsque les suspensions étaient stockées dans des
contenants en PET-G a température ambiante et réfrigérées pendant
120 jours, la concentration de clozapine demeurait au-dessus de 95 %
de la concentration initiale; la concentration mesurée des produits

de dégradation et des impuretés ne dépassait pas la limite de 0,5 %
fixée par les autorités de réglementation mondiales. La proportion de
concentration initiale de clozapine restante au 1208 jour, sur la base
du taux de dégradation le plus rapide avec un intervalle de confiance
de 95 % (unilatéral), dépassait 92 %, et le seul produit de dégradation
trouvé (clozapine lactam, 0,2 %) ainsi qu'une impureté inconnue (0,2 %)
ne dépassaient pas non plus les limites autorisées.

Conclusions : Les suspensions de clozapine composées de 25 mg/mL et
de 50 mg/mL peuvent étre conservées dans des contenants ambrés PET-G
jusqu'a 120 jours apres leur préparation, soit a température ambiante, soit
dans un réfrigérateur.

Mots-clés : clozapine, stabilité, suspension
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INTRODUCTION

Clozapine suspension is not commercially available in
Canada, yet there is a need for this suspension to be avail-
able for patients who may have dysphagia or require dose
administration under observation. To date, only 1 study
concerning the stability of clozapine suspensions has been
published.! In that study, 20 mg/mL suspensions of cloza-
pine were prepared in 6 different suspending vehicles (Ora-
Sweet and Ora-Plus suspending vehicles, a 1:1 mixture of
Ora-Sweet and Ora-Plus, the suspending vehicle used by
the Hospital for Sick Children [Toronto, Ontario], simple
syrup, and a noncommercial vehicle known as Guy’s pedi-
atric mixture), and their stability was evaluated. Each sus-
pension was stored in amber plastic containers at 23°C and
retained more than 95% of the initial concentration during
63 days of storage, regardless of the suspending vehicle.!
However, with commonly used maintenance doses of 300
to 600 but not exceeding 900 mg/day,>* and an average
dosage of 200 mg bid, suspensions with concentration of
25 mg/mL or 50 mg/mL have been judged as more conven-
ient. Furthermore, since prescriptions can be written for up
to a 3-month supply, we wished to test the stability of such
suspensions over a period of at least 3 months. However,
no data exist at either concentration or for this storage per-
iod, and the formulations of suspending agents may have
changed since the original study was published in 2005.

In pharmacy practice, the end points used to judge sta-
bility of a drug have changed over the past 50 years. In the
1970s, the last study day on which the observed concentra-
tion was greater than 90% of the initial concentration was
deemed to be the expiry date. This criterion works where ana-
lytical error is exceptionally low or zero. However, because
analytical variability always exists, the trend for the concen-
tration to decline to a concentration of 90%, established by
linear regression, came to be considered a more robust end
point than the last day on which more than 90% remained.*
Although this end point is statistically stronger, on the day
that linear regression indicates 90% will remain, there is a
50% chance that the proportion remaining is actually less
than 90% of the initial concentration. Calculation of con-
fidence intervals can reduce this uncertainty and may have
been first proposed in 1991 by Chow and Shao,’> was supported
by Carstensen and others® in 1992, and was restated by Shao
and Chow” in 1994. Confidence intervals have been used in
pharmacy practice stability studies only in the past 20 years.
The lower 95% confidence limit constructed about the slope
of the drug product of interest represents the fastest degrada-
tion rate. The intersection of this lower limit of the 95% con-
fidence interval and 90% remaining is generally accepted as
the beyond-use date (BUD). A 1-sided (lower-bound) 95%
confidence interval increases the confidence that a pharma-
cist can have in compounded products, reducing to just 5%
the chance that less than 90% will remain.
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Degradation products of various medications have
been identified and noted to be sensitive indicators of
stability®; however, such degradation products are gen-
erally not commercially available, so pharmacy prac-
titioners have not developed or used criteria based on
degradation products to determine the BUD. In contrast,
regulatory authorities, which do not regulate pharmacist-
compounded products, define shelf life on the basis of
degradation product limits and approve drugs on the basis
of safety and efficacy. As part of their evaluation of safety,
regulatory authorities worldwide, through the International
Council on Harmonisation (ICH), have agreed to limit the
amount or proportion of degradation products and impur-
ities in pharmaceutical dosage forms.>! Lower thresh-
olds may be set if the degradation product is unusually
toxic. Manufacturers determine the shelf life and release
each lot of product according to analysis demonstrating
that degradation products and impurities do not exceed
these limits. For clozapine, the measured amount of any
1 of 3 known degradation compounds (clozapine lac-
tam, a bis-compound, and a desmethyl compound) or of
a known impurity (N-methyl piperazine, also known as
aminopiperazide) cannot exceed 0.5%. Furthermore, if the
amount of an individual unknown impurity exceeds 0.2%,
or the total amount of all degradation products, the known
impurity, and the unknown compound exceeds 1%, the
shelf life is deemed to have been reached.>!” This approach
can be followed only if practitioners have access to reference
standards of the degradation products and an analytical
method capable of separating and measuring each degrad-
ation product specifically. Since the identity of and refer-
ence standards for degradation products are generally not
available to pharmacists early in a product’s life cycle, phar-
macy practitioners have not routinely measured, reported,
or evaluated BUDs using degradation products. Neverthe-
less, the concentrations of degradation products have been
included in the current evaluation of clozapine stability as
an additional measure of the potency, purity, and quality of
the formulation.

To our knowledge, this is the first study in which a
product compounded by pharmacy has been evaluated
with the degradation testing methodology defined by regu-
latory bodies such as Health Canada and the US Food and
Drug Administration, in addition to confidence interval
analysis of the active pharmaceutical ingredient (cloza-
pine). Although regulatory agencies have limited authority
over compounding, concentrations of degradation prod-
ucts have been included as a measure of product purity, to
provide compounding pharmacists with confidence in the
stability of the formulation and the recommended BUD.

The objective of this study was to evaluate the stability
of 25 mg/mL and 50 mg/mL oral suspensions of clozapine
stored for up to 120 days in amber glycol-modified poly-
ethylene terephthalate (PET-G) bottles at 4°C (2°C to 8°C)

CJHP - Vol.74,No.3 = Summer 2021 JCPH = Vol.74,n°3 « Eté 2021



and room temperature (20°C to 25°C; described hereafter as
25°C) through measurement of concentrations of clozapine,
known degradation products, and impurities. During the
120-day study period, suspensions were visually inspected
for appearance, colour, the ability to be resuspended or cak-
ing, odour, and measured pH.

In the evaluation of stability, the intersection of the
lower limit of the 95% confidence interval constructed
about the clozapine concentration was used to estimate
a BUD. As an assurance of safety, the 0.5% limit on each
of 3 known clozapine degradation products and a known
impurity was also used in establishing a safe storage period.

METHODS

Formulations Studied

Before the stability study, physical studies were undertaken
to determine the suitability of the suspension in various
suspending vehicles, including mixtures of vehicles at vari-
ous ratios. These studies evaluated commercially available
methylcellulose gel 1% (product no. 3060, Medisca Pharma-
ceutique Inc), Oral Syrup flavoured syrup vehicle (product
no. 2511, Medisca Pharmaceutique Inc), and a 50:50 mix-
ture of these 2 products. These suspending vehicles were
screened for their ability to form a well-dispersed suspen-
sion and maintain the initial pH (between 5.5 and 6.2), with
limited foaming, particle aggregation, and caking. Samples
were examined for changes in colour, any clumping, ease
of resuspension, and pH (digital pH meter, Beckman) over
120 days storage at 25°C and 4°C.

The most acceptable suspending agent was the 50:50
mixture of methylcellulose gel 1% and the flavoured syrup
vehicle, Oral Syrup. This mixture of suspending agents was
used to compound the suspensions used in our evaluation
of clozapine stability.

Development and Validation of
Stability-Indicating Assay

Liquid Chromatography

Reverse-phase stability-indicating liquid chromatographic
methods with ultraviolet (UV) detection, either at 230 nm
using a 31.5% acetonitrile and 68.5% phosphate buffer
mobile phase! or at 254 nm using a 40% acetonitrile and
60% water mobile phase,!! have been described previously.
The previous investigators observed but did not identify
degradation products.!! Skibiriski and others'? forced the
degradation of clozapine, identified 6 degradation products,
determined their respective masses, and obtained fragmen-
tation spectra by tandem mass spectrometry, which allowed
structural identification. Two of the degradation products
were observed following forced UV photodegradation,
although they were not observed under typical photolysis
conditions or during storage. The remaining 4 degradation
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products are now commercially available as individual
standards or as a mixture,'® which can be useful for assess-
ing the stability-indicating nature of a particular method.

The analytical method used for the current study was
similar to the previously published methods, although
here the degradation products were identified, separ-
ated, and quantified, which did not occur in the previous
studies.'!! This method is used by the manufacturer for
product release in Canada and is stability-indicating. The
reverse-phase liquid chromatographic method used a phos-
phate buffer and acetonitrile (80:20 v/v) solvent system to
elute clozapine and its degradation products from the for-
mulation. Clozapine eluted at 5.7 minutes, well separated
from the 4 degradation products and an impurity, when
the mobile phase was pumped at 1.0 mL/min through a
4.6 cm x 50 mm reverse-phase 3-pm LC-18 column (ACME
Canadian Life Science; product no. ACMC 18-3-05046).
Samples of 5 uL were introduced into the liquid chromato-
graphic system using an auto injector (automatic liquid
sampler, Hewlett-Packard). The column effluent was mon-
itored with a photodiode array (diode array detector, Agi-
lent) at 226 nm. A signal from the detector was integrated
and recorded with a chromatography data system (Open-
LAB, version A.01.05, Agilent).

Stability-Indicating Methodology

The acceptance criteria of the validated analytical method
require that the within-day residual standard deviation
(RSD%) for triplicate injections of each standard be not
more than 2%, the between-days RSD% not exceed 5%, and
recovery (accuracy) not exceed an absolute deviation of 2%.
This method was capable of separating clozapine from the
3 known clozapine degradation products (clozapine lactam,
abis-compound, desmethyl clozapine), the known impurity
(aminopiperazide), and an unknown compound.

The separation and quantification of these compounds
indicates that the method is stability-indicating and that it
meets or exceeds published and accepted standards.!4-16

Samples of the suspending vehicle mixture, with and
without clozapine, were assayed to ensure that the vehicle
did not interfere with the assay.

Validation of Assay

Once assurance of the specificity of the analytical method
had been completed, the validation phase followed, during
which accuracy and reproducibility of the standard curves
were evaluated over a 5-day period, and system suitability
criteria (theoretical plates, tailing, and retention time) were
developed to ensure consistent chromatographic perform-
ance on each study day."” On each validation day, 10 mg of
clozapine (USP reference standard) was accurately weighed
and dissolved in water to prepare standards. Then, 5-pL
samples of each standard and a blank were chromato-
graphed in duplicate to create the standard curve. The range
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of the calibration curve encompassed the diluted test con-
centration of clozapine samples.

Within-day and between-day errors were assessed by
the coefficients of variation of the peak areas of standards.

Stability Study

Clozapine suspensions (25 mg/mL and 50 mg/mL) were
prepared with 100-mg clozapine tablets (Clozaril, HLS
Therapeutics Inc, Etobicoke, Ontario) in a 50:50 mixture
of methylcellulose gel 1% and Oral Syrup to prepare 3 sep-
arate 1-L batches of each concentration of suspension. The
suspensions were prepared with 2 different lots of 100-mg
clozapine tablets (HLS Therapeutics Inc; lot 18027, expiry
August 2021, and lot 19050, expiry April 2022). The sus-
pending vehicle was prepared with 2 different lots of methyl-
cellulose gel 1% (Medisca Pharmaceutique Inc; lot 627663,
expiry May 2020, and lot 628337, expiry July 2020) and 2
lots of flavoured Oral Syrup (Medisca Pharmaceutique Inc;
lot 622919, expiry September 2021, and lot 622919A, expiry
September 2021). The procedure for making the 25 mg/mL
suspension is presented in Appendix 1. The suspensions
were all well suspended, not thick or viscous, and were easy
to pour.

Two 100-mL aliquots of each batch were poured into
120-mL amber coloured PET-G plastic graduated bottles
(product no. 7293, Medisca Pharmaceutique Inc), for a
total of 6 bottles for each concentration. One bottle from
each of the 3 batches of each concentration was placed in a
refrigerator at 4°C (2°C to 8°C). The other bottle from each
of the 3 batches of each concentration was stored at 25°C
(i.e., 20°C to 25°C).

Each test container was manually shaken, and 5 mL
was withdrawn from each separate bottle (using a pipette)
following initial compounding on day 0 and then subse-
quently on days 28, 60, 90, and 120; the concentration of
clozapine and degradation products was determined in
these samples. From each of the well-mixed 25 mg/mL sus-
pensions, a 5-mL sample (taken individually from each of
the 3 separate containers at each temperature) was diluted
to 100 mL with a 50:50 mixture of methanol and water dilu-
ent. The mixture was then vortexed and a 10-mL aliquot was
further diluted to 100 mL with a 50:50 mixture of methanol
and water. The solution was then filtered through a 0.7-pm
glass fibre filter, and 5 pL of the supernatant was injected
into the high-performance liquid chromatography sys-
tem. A similar method of preparation was followed for the
50 mg/mL suspension, although the first dilution in equal
parts of methanol and water was completed with 200 mL of
solvent. Chromatographic analysis was completed using the
validated liquid chromatographic system described above,
with UV detection at 226 nm. The area under the cloza-
pine peak at 226 nm was subjected to least-squares linear
regression, and the actual clozapine concentration in each
sample was determined by interpolation from the standard
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curve and correction by the dilution factor. The percent of
declared content (25 mg/mL or 50 mg/mL) was reported in
summary tables.

Statistical Analysis

Within-day and between-day analytical error was assessed
by replicate analysis of standards. After determining the
coeflicient of variation of the analytical method, a power cal-
culation indicated that duplicate injection could distinguish
between concentrations that differed by at least 10% within
each individual container.!! During the study, analytical
error was assessed by replicate analysis of study samples. The
mean and coeflicient of variation were calculated for dupli-
cate analyses from each of the 3 different bottles on each
study day. These results are reported in summary tables.

The percent remaining was analyzed by linear regres-
sion, and a 95% confidence interval (1-sided, lower-bound)
was constructed around the slope of percent remaining ver-
sus study day. The lower limit of this confidence interval
represents the fastest degradation rate with 95% confidence
(1-sided), and the time to achieve 90% remaining using this
fastest degradation rate was calculated. Concentrations
were considered within acceptable limits if the following
2 conditions were met: first, the measured clozapine con-
centration on that study day was greater than 90% of the
initial (day zero) concentration, and second, the concen-
tration on that day, estimated using the fastest degradation
rate with 95% confidence, also exceeded 90% of the initial
(day zero) concentration.

As an additional evaluation of suspension stability and
purity, the measured amount of any 1 of 3 known degrad-
ation compounds (clozapine lactam, a bis-compound, and
a desmethyl compound) or of a known impurity (N-methyl
piperazine, known as aminopiperazide) cannot exceed
0.5%. Furthermore, if the amount of an unknown com-
pound exceeds 0.2%, or the total amount of all degrad-
ation products, the known impurity, and the unknown
compound exceeds 1%, the shelf life would be judged to
have been reached.”!® A 2003 Health Canada guidance
document!® recommended application of a 1-sided 95%
confidence limit; however, given that clozapine was com-
mercially available more than 20 years before adoption of
this guidance, the stability and lot acceptance criteria used
by the pharmaceutical industry have not changed and do
not use the confidence interval method. To replicate cur-
rent pharmaceutical standards, the current study applied
the “not-more-than” limits for each degradation product
(0.5%), impurities (0.2%), and total degradation and impur-
ities (1%), rather than limits based on a confidence interval.
Although regulatory agencies have no authority in com-
pounding, the inclusion of degradation compounds when
evaluating the stability of these formulations provides addi-
tional confidence in product purity, as well as confidence in
the recommended BUD.
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RESULTS
Physical Study

The physical study of clozapine suspensions demonstrated
that both concentrations of the suspension in a 50:50 mix-
ture of methylcellulose gel 1% and flavoured Oral Syrup
remained an opaque, yellow, milky suspension for the 120-
day storage period at both temperatures. During the 120-
day physical study period, some separation did occur, but
no caking or clumping was visually evident, and all sus-
pensions were easily redispersed with shaking. The pH of
the suspensions stored at both 4°C and 25°C in suspending
vehicle ranged between 5.60 and 5.97 for the 25 mg/mL
preparations and between 5.79 and 6.05 for the 50 mg/mL
suspensions for the duration of the 120-day study period.

Stability-Indicating Assay

The separation and detection of clozapine in the presence
of degradation compounds and impurities must be dem-
onstrated before the method can be considered stability-
indicating. Clozapine eluted at 5.7 minutes, and the degrad-
ation products did not interfere with clozapine quantifi-
cation (Figure 1). Furthermore, each of the degradation
products was well separated from clozapine and the other
degradation products, and each could be measured specif-
ically. The suspending vehicle did not interfere with meas-
urement of clozapine or any of the degradation products.

As a result of the chromatographic separation of the
degradation products from clozapine and the lack of inter-
ference of the suspending agent with clozapine and the
degradation products, it was concluded that this analytical
method was stability-indicating.

Assay Error during the Study Period

During the study period, within-day analytical variability
of the study samples averaged 2.13%, and between-day ana-
lytical reproducibility (as measured by the standard devia-
tion of regression, Sy.x) averaged 2.05%.

Chemical Stability and Statistics

The percent remaining of the initial clozapine concentra-
tion as observed on each day during the study period is
presented in Table 1. The concentration of clozapine in the
suspending vehicle in all study samples (both concentra-
tions) remained at or above 95.1% of the initial concentra-
tion when stored in amber PET-G bottles at both storage
temperatures for 120 days. The 1-sided 95% confidence
limits showed that the lowest percent remaining of cloza-
pine exceeded 92% on study day 120 for all combinations
of concentration and storage temperature. Analysis of vari-
ance detected no differences in percent remaining in the
clozapine suspensions due to study day (p = 0.26), temper-
ature (p = 0.16), or concentration (p = 0.08). Multiple linear
regression also detected no differences in percent remaining
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due to study day (p = 0.34), temperature (p = 0.17), or con-
centration (p = 0.09).

Two of the known clozapine degradation products (a
bis-compound and the desmethyl clozapine), as well as
the known impurity (aminopiperazide), were not detected
in any sample during the 120-day study period. The other
known degradation product, clozapine lactam, was detected
in some samples (Table 2); however, the limit of 0.5% was not
reached after 120 days of storage at either temperature or
concentration. The unknown compound was also detected
in some samples (Table 3); the observed maximum of 0.2%
was reached on days 90 and 120 in the 25 mg/mL suspen-
sion stored at room temperature. Table 4 presents combined
data for impurities and degradation products. None of the
degradation products or impurities were detected at con-
centrations exceeding their specific limits during the 120-
day study period.

DISCUSSION

This study has demonstrated the physical and chemical sta-
bility of 25 mg/mL and 50 mg/mL clozapine suspensions

Clozapine
A / p /C

0 2 4 6 8 10
Minutes

FIGURE 1. Chromatograms of clozapine. Panel A represents
desmethyl clozapine at concentration 12.5 pg/mL (labelled “D" and
eluting at 2.1 minutes), clozapine lactam (labelled “L" and eluting
at 2.7 minutes), the aminopiperazide (labelled “"A" and eluting at
3.2 minutes), and an unknown compound (labelled “C" and eluting
at 9.2 minutes), with 50 mg/mL clozapine (eluting at 5.7 minutes)
in the suspending vehicle. Panel B represents the 50 mg/mL
clozapine suspension on day 0, when no degradation products are
present. Panel C represents the same 50 mg/mL suspension after
120 days storage at room temperature. Small amounts of clozapine
lactam (labelled “L") were detected at 2.7 minutes, representing
concentrations of about 0.1%.
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TABLE 1. Percent of Clozapine Remaining on Each Study Day and Calculation of Time to Achieve 90% Remaining (Tqp) with

95% Confidence

Nominal Concentration and Storage Temperature?; % Remaining (Mean + SD)

25 mg/mL 50 mg/mL
Study Day RT 4°C RT 4°C
0 95.10+1.49 97.97+1.12 100.67+3.93 100.80+2.25
28 95.73+4.13 97.47+1.13 101.47+0.35 100.20+0.89
60 96.93+0.66 102.77+3.01 97.80+2.83 100.27+1.80
90 97.13+1.71 105.03+2.57 103.47+3.46 102.27+1.70
120 99.37+1.96 97.97+2.45 99.87+0.70 98.33+4.53
Slope (as degradation rate, %/day) 0.0329 0.0255 0.0011 -0.0094
Standard deviation of regression (Sy,x)b 0.532 3.718 2.403 1.545
Point estimate of % remaining on day 120 103.95 103.06 100.14 98.87
Lowest estimate of % remaining on day 120 (with 95% confidence)* 102.38 92.07 93.03 94.30

RT = room temperature, SD = standard deviation.

3For RT storage, the temperature ranged from 20°C to 25°C; for refrigerated storage (shown as “4°C" in the table), the temperature actually ranged from 2°C

to 8°C.

bThe standard deviation of the regression is approximately equivalent to the coefficient of variation.
Confidence intervals are based on 95% one-sided confidence limits. Only the lower limit is provided here.

TABLE 2. Clozapine Lactam? Observed, by Study Day

Nominal Concentration and Storage Temperature®;
% Clozapine Lactam Observed

25 mg/mL 50 mg/mL
Study Day RT 4°C RT 4°C
0 0.033 0.00 0.00 0.00
28 0.100 0.00 0.00 0.00
60 0.100 0.00 0.10 0.00
90 0.133 0.00 0.10 0.00
120 0.200 0.00 0.10 0.00

RT = room temperature.

aAllowable limit for clozapine lactam was 0.5%.

bFor RT storage, the temperature ranged from 20°C to 25°C; for
refrigerated storage (shown as “4°C" in the table), the temperature
actually ranged from 2°C to 8°C.

stored in amber PET-G bottles for 120 days. The measured
concentration of clozapine remained greater than 95% for
the entire 120-day study period, and no degradation product
or impurity was measured above its allowable limit. Regres-
sion analysis also demonstrated that the concentration of
clozapine was likely to remain above 92.1% (with 95% confi-
dence) for the 120-day study period. This analysis supports
a BUD of 120 days for both concentrations at both tem-
peratures. While it is recognized that regulatory agencies
have limited authority over compounding, the inclusion of
pharmaceutical regulatory standards for the concentration
of degradation products provide an assurance of product
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TABLE 3. Unknown Clozapine Impurity? Observed, by
Study Day

Nominal Concentration and Storage Temperature®;
% Unknown Impurity Observed

25 mg/mL 50 mg/mL
Study Day RT 4°C RT 4°C
0 0.000 0.00 0.00 0.00
28 0.000 0.00 0.00 0.00
60 0.067 0.00 0.00 0.00
90 0.200 0.10 0.05 0.00
120 0.200 0.10 0.10 0.10

RT = room temperature.

aAllowable limit for unknown individual clozapine impurity was 0.2%.
bFor RT storage, the temperature ranged from 20°C to 25°C; for
refrigerated storage (shown as “4°C" in the table), the temperature
actually ranged from 2°C to 8°C.

purity and should increase compounding pharmacists’
confidence in the recommended BUD.

The clozapine results obtained in this study are very
similar to the results reported by Walker and others,!
although the previous publication did not measure or
report concentrations of degradation products, and the
longer duration of this study allowed a longer BUD to be
reported. Re-analysis of the data of Walker and others! by
a method similar to the one used in the current study esti-
mated that the amount remaining on day 61 ranged from
91.9% to 97.9%, for concentrations of 20 mg/mL in a variety
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TABLE 4. Total Degradation Products and Impurities®

Observed, by Study Day

Nominal Concentration and Storage Temperature®;
% Total Degradation Products and
Impurities Observed

25 mg/mL 50 mg/mL
Study Day RT 4°C RT 4°C
0 0.033 0.00 0.00 0.00
28 0.100 0.00 0.00 0.00
60 0.167 0.00 0.10 0.00
90 0.333 0.10 0.15 0.00
120 0.400 0.10 0.20 0.10

RT = room temperature.

2Allowable limit for total impurities and degradation products was 1%.
bFor RT storage, the temperature ranged from 20°C to 25°C; for
refrigerated storage (shown as “4°C" in the table), the temperature
actually ranged from 2°C to 8°C.

of suspending agents stored in amber polyethylene bottles.
Comparable values in the current study on day 61 ranged
from 95.97% to 101.21%. Both studies used the Clozaril
brand of clozapine tablets.

In the evaluation of methods for determining stability,
assessment based solely on the observed concentration or
percent remaining at the end of the study period does not
take into account analytical variability and error, whereas the
confidence interval approach®7?° does account for this vari-
ability and presents a conclusion that more conservatively
estimates the time to reach 90% remaining. For example,
although the measured concentration of clozapine remained
greater than 95% for the entire 120-day study period of the
current study, confidence interval analysis predicts a less
than 5% chance that the concentration of clozapine will be
below 92% on the 120th day of storage. Stability studies are
conducted in completely controlled environments, yet in real
life, suspensions will be removed from the fridge on a daily
basis and may be exposed to temperatures above 25°C. The
use of confidence intervals yields a more conservative con-
clusion, reducing the possibility that a product with lower-
than-desired potency is administered to patients.

A power calculation using the mean square error from
the analysis of variance indicated that this study had the
ability to detect a difference in concentration of more than
6%. Given that all of the observed differences due to tem-
perature or container were less than 2%, none of these dif-
ferences were statistically significant.

Assurance of the specificity of the analytical method is also
very important. The separation and detection of intact drug in
the presence of degradation compounds must be demonstrated
before the method can be considered stability-indicating.
Since all known degradation products and impurities were
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measured specifically and their concentrations estimated,
the method was judged to be stability-indicating. Further-
more, the accuracy and reproducibility of the analytical
method on each study day during the stability study provides
the required confidence in the assay methodology.

Limitations

The stability observed with these suspensions cannot be
extrapolated to other suspending vehicles or formulations
compounded with other clozapine tablet formulations. This
report and the previous publication!' both used the same
brand of clozapine product, Clozaril. Therefore, although
we have no evidence that any differences in excipients that
might exist between formulations would or would not affect
the stability of suspensions, we cannot extrapolate these
data to other clozapine tablet formulations.

CONCLUSION

Clozapine, as 25 mg/mL and 50 mg/mL suspensions, stored
in amber PET-G bottles at 4°C or 25°C for 120 days retained
more than 95% of the measured initial concentration, and
no degradation product or impurity exceeded the allow-
able limit during the entire storage period. This study also
estimated a less than 5% chance that the clozapine concen-
tration would be below 92% of the initial concentration
after 120 days of storage at either temperature. Clozapine
suspensions of 25 mg/mL and 50 mg/mL can therefore be
stored for up to 120 days after preparation, maintaining the
desired potency and purity.
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APPENDIX 1: Compounding instructions to prepare 1 L of clozapine suspension 25 mg/mL

—_
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Count out required clozapine 100-mg tablets (250 tablets).

Crush and triturate tablets to form a fine, homogeneous powder.

Levigate powder with less than 200 mL of MCG 1% to form a homogeneous liquid-like dispersion.

Add mixture to about 200 mL MCG 1% in a 1000-mL beaker and mix continuously using high-shear mixing techniques.

Wash mortar and pestle with remaining MCG 1%, transfer to beaker, and mix.

Add about 400-mL Oral Syrup and continue mixing the suspension until homogeneous.

Add remaining Oral Syrup to prepare a total volume of 1000 mL of suspension. Mix well.

Transfer the suspension to an amber 120-mL PET-G bottle.

Label and assign a BUD of 120 days, room temperature (or refrigeration).

BUD = beyond-use date, MCG = methylcellulose gel, PET-G = polyethylene terephthalate.
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