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Abstract

A dissolution test for a once daily combination tablet containing 10 mg of cetirizine dihydrochloride (cetirizine HCI) for immediate release
and 240 mg of pseudoephedrine hydrochloride (pseudoephedrine HCI) for extended release was developed and validated according to curren
ICH and FDA guidelines. The cetirizine HCI is contained within an outer layer of the tablet while a semipermeable membrane of cellulose
acetate and polyethylene glycol controls the rate at which pseudoephedrine HCl is released from the tablet core. The dissolution method, which
uses USP apparatus 2 with paddles rotating at 50 rpm, 1000 ml of deaerated water as the dissolution medium, and reversed-phased HPLC fo
quantitation, was demonstrated to be robust, discriminating, and transferable. These test conditions were selected after it was demonstratec
that the cetirizine HCI portion of the tablet rapidly dissolved in aqueous media over the physiologically relevant pH range of 1.1-7.5, and that
the extended-release profile of pseudoephedrine HCI was independent of dissolution conditions (i.e., apparatus, pH, and agitation).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction This paper describes the development and validation of
a dissolution test for a once-a-day combination tablet that
Cetirizine dihydrochloride (cetirizine HCI) is a selective contains 10 mg of cetirizine HCI for immediate release and
histamine (H)-receptor antagonist that is indicated for the 240mg of pseudoephedrine HCI for extended release. The
relief of symptoms associated with seasonal and perennialcombination tablet, which is shown schematicallyFig. 3,
allergic rhinitis[1]. Pseudoephedrine hydrochloride (pseu- uses an osmotically controlled drug delivery system based on
doephedrine HCI) is an-adrenoreceptor agonist thatis used asymmetric membrane (AM) technology to deliver the pseu-
for the symptomatic relief of nasal congestion in patients with doephedrine HJB]. The dissolution method was developed
allergic rhinitis[2]. The chemical structures of these active and validated according to current IJ®,8] and FDA[9]
pharmaceutical ingredients (APIs) are showRiis. 1 and 2 guidelines.
Both of these drugs are well absorbed after oral administra-
tion [3,4], and they may be co-administered. For example,
ZYRTEC-D 12 HOUF® Extended Release Tablets are avail-
able that contain 5 mg of cetirizine HCIl and 120 mg of pseu-
doephedrine HCJ5].

2. Experimental
2.1. Materials

* Corresponding author. Tel.: +1 860 441 6368; fax: +1 860 715 9517. The AM-coated tablets of pseudoephedrine HCI were
E-mail address: michael.d.likar@pfizer.com (M.D. Likar). manufactured as previously descrig@@]. The target AM
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0 to minimize chromatographic interferences and the SIF was
cl N /\/o\)LOH prepared without pancreatin. These media were deaerated
O Q CHC prior to use by sparging with helium for 15min. The cet-

’ irizine HCI and pseudoephedrine HCI reference standards,

which were characterized by tests including appearance, IR

O spectroscopy, acid—base titration, chromatographic purity by

HPLC, loss on drying, and residue on ignition, were assigned

Fig. 1. The chemical structure of cetirizine dihydrochloride (CAS No. purity values of 99.6 and 100.0%, respectively, when dried

83881-52-1). prior to use.

2.2. Dissolution test conditions

Dissolution testing was performed in compliance with
USP (7 11) using apparatus 2 (e.g., Hanson SR8—P\us
Dissolution Test Station) with paddles rotating at 50 rpm.
The dissolution medium was 1000 ml of deionized water hav-
ing a resistivity of about 18 % cm. The medium, which
was deaerated using a “Dissofill” Media Preparation Sys-
Fig. 2. The chemical structure of pseudoephedrine hydrochloride (CAS No. tem from Copley Scientific (Nottingham, UK), was main-
345-78-8). tained at 37 0.5°C. The 1-liter glass dissolution vessels

were covered to minimize evaporation. The tablets were
. . . . inserted into capsule weights to keep them from sticking
coating weight was 88.0mg. The immediate-release Iayerto the walls of the dissolution vessel. Twelve tablets were

of cetirizine HCI, followed by a taste-masking Iaye_r, WaS  tested unless otherwise indicated. Sample aliquots were with-
sprayed onto the AM-coated tabldisl]. The total weight drawn at 15. 30 45. and 60min. and at 2. 4. 6. 8. 10

of the tablet was approximately 673.0 mg. The AM-coated 12, 14, 16, 18, 20, 22, and 24h. When manual sampling
tablets described in Sectidh3.2 however, were not coated | o used, aliquots of 5ml were withdrawn from the dis-

with the ceirizine HCl or taste mask layers. solution vessel using a glass hypodermic syringe equipped

.AC.S dfeaf‘jj”tnggde rzzlhgmlcqu were E?e.d L(Jjnlfess (gr,\]/ler'with a stainless steel needle. These solutions were imme-
wise Indicated. Hydrochioric acid was obtained from diately filtered using a 0.45m Millex®-HV PVDF filter

Science (Gibbstown, NJ). Potassium biphthalate, rﬂomba_from Millipore (Billerica, MA). The first 3—4 ml of filtrate

sic potassium phosphate, and sodium dihydrogen phosphate, - yicea e prior to collecting the sample for analysis. For
monohydrate were obtained from ‘]T Baker (Phillipsburg, automated sampling, a Dissoette Il autosampler from Han-
NJ). HPLC grade methanol and sodium 1-0ctanesu|fonateson Research (Chatsworth, CA) was used to withdraw 5 ml

(OSA) were obtained from Burdick & Jackson (Muskegon, aliguots through a 1@ HDPE filter from SEAL Analytical
MI) and J.T. Baker, respectively. The 0.1 M hydrochloric acid (M%quon Wl)g v y

solution (pH 1.1), potassium biphthalate USP buffer (pH 4.5;
5 mM), monobasic potassium phosphate USP buffer (pH 6.8
50 mM), and simulated intestinal fluid (SIF; pH 7.5) were pre-

pared accc_)rding to the directions in USP[ZBT]’ except that An HPLC method with UV detection was selected because
the potassium biphthalate buffer concentration was decrease%f its ability to separate cetirizine and pseudoephedrine from
each other and from the tablet excipients. The reversed-phase
HPLC procedure utilized a Zorb&StableBond SB-CN col-
Release-Rate Controlling i . . .
Asymmetric Membrane umn (5um; 15 cmx 4.6 mm i.d.) from Agilent Technologies
(Palo Alto, CA) and UV detection at 214 nm. The column
temperature was maintained at €0 The mobile phase
of sodium phosphate (pH 6.5; 0.1 M)-methanol (1:1, v/v)
also contained OSA (5mM) as an ion-pairing agent. The
10 mg Cetirizine HCL Pseudoephedrine HCI flow rate was 1.0 ml/min, the injection volume was 0
Drug Layer Tablet Core Y and the run time was 10 min. A combined standard solu-
tion containing cetirizine HCI and pseudoephedrine HCI at
concentrations of 1Qg/ml and 0.12mg/ml, respectively,
was prepared in deionized water and used for quantita-
tion. This solution contains 100% of the final, or “nomi-

Fig. 3. Cross-section of the cetirizine HCl/pseudoephedrine HCI 10mg/ Nal,” assay Conc_emratipn of CeFiriZine HCI (i.e., 10mg intf)
240 mg tablet. 1000 ml of the dissolution medium) and 50% of the nomi-

'2.3. HPLC method

240 mg
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nal assay concentration of 0.24 mg/ml for pseudoephedrine
HCI.

Pseudoephedrine

2.4. Statistical analysis

Statistical analyses were performed using JMPv.
5.1.1 software from SAS Institute Inc. (Cary, NC). The SAS

Absorbance

procedure PROC MIXED v. 6.12 was used to analyze the Cetirjzine
robustness data and Design-Exfevt 5.0 from Stat-Ease, Diccolurion M
. . 1ssolution Medium
Inc. (Minneapolis, MN) was used to generate contour plots I ¥ APl Alone
for each response. ) | Placebo Sample
N ,| L Tablet Sample
0 10 2030 40 50 60 70 80 60 10.0
3. Results and discussion Time (min)
The dissolution test was developed based on the
physicochemical properties of the APls, the gastrointestinal
conditions that the tablet is likely to encounter, and the
drug-delivery characteristics of the dosage form.
3.1. Physicochemical properties of the APIs —E
E N Dissolution Medium
. C . . <
The chemical name of cetlrl'zme HCI |Si:][-[2-[4-[(4- m
chlorophenyl)phenylmethyl]-1-piperazinyllethoxylacetic
acid dihydrochloride. It is a racemic compound with a Placebo Sample
molecular formula of @ H>5CIN2O3-2HCI and a molecular )\f‘/\l Tablet Sample
weight of 461.81. Cetirizine has three macroscopi, p
values of 2.19, 2.93, and 8.00, and it exists primarily as a 0 10 20 30 40 50 60 70 80 90 100
zwitterion between pH 3.5 and 7[%3]. Since this API is Time (min)

“freely soluble” in water (i.e., its solubility is=100 mg/ml)
[14], the dissolution test was conducted under USP sink
conditions[15]. The particle size distribution and crystal
form of the ingoing cetirizine HCI lot cannot affect the

performance of the product because this API is dissolved 7-2-1- Specificity —
in an aqueous coating solution before it is sprayed onto the The specificity of the method was evaluated by injecting an
tablet. aliquot of the dissolution medium (i.e., deionized water) and

The chemical name for pseudoephedrine HCI &29)- the following: (1) a solution containing the APIs at nominal
(+)-2-(methylamino)-1-phenylpropan-1-ol hydrochloride. concentration, (2) a placebo solution prepared from a syn-

This compound has a molecular formula and weight of thetic blend of the tablet excipients, and (3) a sample solution

C10H15NO-HCI and 201.69, respectively. Pseudoephedrine prepared from a synthetic blend of the APIs and tablet excip-
is a weak base having a single&kp of approximately ients. These solutions were prepared in deionized water and

9.59 [16]. The dissolution test was conducted under sink Stiredat37Cfor24h priorto being centrifuged and injected
conditions for this API as well, since its solubility is Nt the chromatographic system. As showrtig. 4, there
approximately 2 g/ml in watef.7]. Only one polymorph of were no system-, filter-, or excipient-related peaks that inter-

pseudoephedrine HCI has been observed, and, as expectef(‘j’red with the quantitation of either active ingredient. This
for a highly soluble compound, there was no evidence that method also separates the APIs from their primary degrada-

the particle size distribution of the ingoing AP! lot influenced tion Products (data not shown). These results demonstrate the
the performance of the product. specificity of the method.

Fig. 4. Representative full- (top) and expanded-scale (bottom) chro-
matograms.

3.2. Validation of the HPLC method 3.2.2. Linearity
The linearity of the method was evaluated from 20-125%
The HPLC method used to analyze the dissolution samplesand 5-125% of the nominal assay concentration for cetirizine
was validated according to current ICH and FDA guidelines. HCI| and pseudoephedrine HCI, respectively. Solutions of
The validation included specificity, linearity, accuracy, preci- known concentration were prepared from a stock solution
sion, range, robustness, filter suitability, and solution stability and injected into the chromatographic system. Calibration
studies. plots were constructed by plotting the area of the main peak
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Table 1 3.2.4. Precision

Calculated linear regression parameters with 95% confidencedimits System precision: The injection precision of the method
Cetirizine HCI Pseudoephedrine HCI  was evaluated by performing five replicate injections of the

R? 0.9998 0.9978 combined standard solution on five separate occasions. The

Slope 1.6340.03)x 10* 1.16 ¢:0.06)x 10 peak area R.S.Ds. wetel .0% for cetirizine HCl ang0.8%

g/;'gitz;fepf :cl)-g (2.4)x 10° :é-i (¢12.1)x 10* for pseudoephedrine HCI. This reproducibility was consid-

: ered acceptable.

o o 3ot o 5. 5, . 5 Repeaabily: The recovery data at the 1003 level I
0.30 mg/mi for pseudoephedrine HCI ’ ’ ‘ ' ’ ' Tables 2 and @rere used to assessthg precision ofthe method.
b \-Intercept bias Calculated vs. the predicted peak area response at nom-1 € R.S.D. values of 0.7% for cetirizine HCI and 0.2% for
inal assay concentration. pseudoephedrine HCI demonstrate that the method is precise.
Intermediate precision: As stated in the ICH7] and FDA
[9] guidelines, intermediate precision is not required when

versus the concen'trat|on of the AP, an_d calibration lines the reproducibility of the method has been demonstrated (see
were calculated using the method of ordinary least squares.gq tion3.3 3

As shown inTable 1 these regression lines had coefficients
of determination k) that were>0.9978 andy-intercepts
that were not significantly different from zero at the 95%
confidence level. These data indicate that the method is
linear for both cetirizine HCIl and pseudoephedrine HCI.

3.2.5. Range

Based on the linearity, accuracy, and precision data, the
validated range of the method is from 50 to 125% of the
nominal concentration for cetirizine HCI, and from 5to 110%

of the nominal concentration for pseudoephedrine HCI.
3.2.3. Accuracy

The accuracy of the method was evaluated at 50, 100, and3.2'6. Robusiness
125% of the nominal assay concentration for cetirizine HCI,
and at 5, 50, 100, and 110% of nominal for pseudoephedrine
HCI. As indicated inTables 2 and 3the average recoveries method parameters. An experimental design was used to
ranged from 99.6 to 101.3% for cetirizine HCl and from 97.0 determine how changes in column temperature and mobile

to 100.5% for pseudoephedrine HCI. The accuracy of the jpaqe composition affect the chromatography of cetirizine
method was considered acceptable based on its intended uscgmd pseudoephedrine. As showiTable 4 four factors were

evaluated at two levels each. For practical reasons, a split-

The robustness of the method was evaluated during devel-
opment by making small, but deliberate, changes to the

Table 2 plot design was used where the temperature of the column
Accuracy results for cetirizine HCI (%recovery) was held constant for short periods of tifii&]. A solution
Sample %Nominal concentration containing the APIs at 60% of their nominal concentrations
=0 100 125 was assayed according to the experimental conditions listed
in Table 5 Predictive mathematical models were developed
; gg;‘ 1883 igég for all of the responses other than peak tailing, which exhib-
3 991 1000 1014 ited limited variability. All of the experimental conditions
4 1000 1004 1021 yielded acceptable results. As shownHig. 5 however, it
5 - 1020 - was noted that the retention time of cetirizine increases as the
6 - 1005 - column temperature and/or methanol content of the mobile
Average 9% 1007 1013 phase decreases. These results demonstrate that the method
%R.S.D. 04 0.7 0.6 is robust to small deviations from the nominal conditions.
Table 3 Table 4
Accuracy results for pseudoephedrine HCI (%recovery) Conditions for the robustness study
Sample %Nominal concentration Factor Level
5 50 100 110 Low (—) Nominal High (+)
1 1015 999 977 969 CoLumn temperature’ C) 25 30 35
2 1011 998 97.8 969 pH" 6.3 65 6.7
3 1008 997 975 972 OSAH(dml’)V') 45 50 55
4 987 999 977 969 MeOH" (%) 475 500 525
5 - - 976 - @ The actual temperature inside the column heater was approximately
6 - - 973 - 26°C.
b . .
Average 106 998 976 970 . ?:H of thte stqdlur? ph;sph?te btuﬁer ulsfed t? pre&are thslmoglle phase.
%R.S.D. 12 01 02 02 oncentration of sodium 1-oCtanesulionate in the mobile phase.

d Percent methanol in the mobile phase.
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Table 5
Results from the robustness study
Expt no. ABCD? Pseudoephedrine Cetirizine
P A (%R.S.D.¥ ¢ N t A (%R.S.D.) T N

1 Nominal 2.6 0.07 1.6 4054 6.8 0.58 1.1 5181
2 —++— 2.8 0.30 1.6 3400 8.0 0.58 11 4807
3 —+—+ 2.7 0.44 1.6 3586 6.5 1.04 1.2 4585
4 ——++ 2.6 0.27 1.6 3837 6.9 0.70 1.2 4754
5 - 2.7 0.71 1.6 3259 8.4 0.89 11 4755
6 Nominal 2.7 0.60 1.6 3959 6.8 0.83 1.1 5135
7 E—— 2.6 0.43 1.6 4368 5.8 0.73 1.2 5213
8 +—+— 2.6 0.47 15 4446 6.8 0.85 11 5563
9 +t—— 2.8 0.57 1.6 4213 6.8 0.83 11 5710
10 ++++ 2.7 0.35 1.6 3790 55 0.34 1.2 5346
11 +H+— 2.9 0.27 1.6 4431 6.7 0.87 11 5399
12 +—++ 2.7 1.06 1.6 3837 6.1 1.13 1.2 5715
13 — 2.7 0.41 15 4585 7.0 1.28 1.2 5825
14 ++—+ 2.7 0.29 1.6 4098 5.5 0.69 1.2 5427
15 —_ 2.7 0.46 1.6 3352 7.0 0.84 12 4397
16 —t— 2.8 0.53 1.6 3618 8.3 1.25 1.2 4520
17 —+++ 29 0.38 1.7 3515 6.7 1.44 1.2 4419
18 —t—— 3.1 0.26 1.7 3460 8.8 1.60 1.2 4623
19 Nominal 2.8 0.48 1.6 4275 6.8 1.26 11 5209

Minimum 2.6 0.07 15 3259 5.5 0.34 11 4397

Maximum 31 1.06 1.7 4585 8.8 1.60 1.2 5825

a A, column temperature C); B, pH; C, OSA (mM); and D, MeOH (%).
b Retention time (min) of the API peak.

¢ %R.S.D. of the API peak areas from 5 injections.
d Tailing factor of the API peak.

€ Number of theoretical plates associated with the API peak.

3.2.7. Filter suitability
Two types of filters, one for manual sampling (Millex-HV)

and one for automated sampling (HDPE), were evaluatedtively, and (4) a solution containing the APIs and excipients at

using the dissolution medium and the following solutions pre- 125 and 100% of their nominal concentrations, respectively.

pared in deionized water: (1) a solution containing both APIs These solutions were stirred at3Z for 24 h prior to being fil-

at nominal concentration, (2) a solution containing the tablet tered. Inthe case of the Millex-HV filter, sample aliquots were

excipients at nominal concentrations, (3) a solution contain- collected for analysis after discarding the first 1, 3, 5, or 7 mi

Temperature (°C)

35

6.0
6.2
6.4
0.6
30 6.9
7.1
7.4
7.8
3
25 \{ ‘
475 50.0 52.5
%Methanol

Fig. 5. Contours of predicted retention time (min) for cetirizine vs. col- =~ - -
umn temperature and percent methanol in the mobile phase (OSA =5.0mM; INitial value and no degradation products were observed in

pH=6.5).

ing pseudoephedrine HCI, cetirizine HCI, and the excipients
at 5, 50, and 100% of their nominal concentrations, respec-

of filtrate. To evaluate the HDPE filter, 5 ml of each solution
was withdrawn through a fresh filter and analyzed without
discarding any of the filtrate. These studies were repeated
with five additional filters of each type. There were no chro-
matographic peaks observed due to extractable materials
from either filter. Both APIs were quantitatively recovered
(average recoveries were within 98-102% of theory) after
discarding the first 3 ml of filtrate through the Millex-HV fil-

ter, or after withdrawing 5 ml of solution through the HDPE
filter. These data demonstrate that the filters are suitable when
used as directed.

3.2.8. Solution stability

The combined standard solution of cetirizine HCI and
pseudoephedrine HCI was stored, unprotected from light, at
ambient conditions and assayed after 1, 2, 3, 4, and 7 days
against a freshly prepared standard solution. All of the assay
results during this time period were within 98—-102% of the

any of the chromatograms. The standard solution is therefore
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considered stable for at least 7 days under normal laboratoryevaluate this further, the mean profiles were compared in a
conditions. pairwise fashion using the similarity factgg)approach pro-
The last two solutions described in Secti8r2.7 were posed by Moore and Flanngk9]. This factor is calculated
used to assess the stability of the sample solutions during theas follows:
course of the experiment. The solutions were placed into cov-
ered dissolution vessels, stirred at 50 rpm, and assayed after
0.5, 1.0, 1.5, 24, and 36 h at 3C. Over this time period, /2 =50x log
the assay values for cetirizine and pseudoephedrine were
within 97-103% and 98-102% of initial, respectively, and _ _
no degradation products were observed. These experimentgvhereX; andY; are the average values of the two data sets at
demonstrate that the APIs are stable under the conditions oftheith time point and is the total number of time points. The
the test for at least 36 h. value of this factor equals 100 when the profiles are identical
In addition, another aliquot was withdrawn from each and approaches zero as the profiles become increasingly dis-
vessel at the 24h time point to determine how long the Similar. According to the SUPAC-MR guidance document
filtered sample solutions could be stored at ambient condi- [20], two curves are considered similar if tifg value is
tions before assay. These solutions were stored, unprotectedetween 50 and 100. This document also recommends that
from light, and assayed after 24, 48, and 72 h. During this only one point past the plateau of the profiles be used to cal-
time period, all of the assay results were within 98—-102% culate this factor. As a conservative measure, therefore, only
of initial and no degradation products were observed in the data from the first eight time points (i.e., from 1 to 14 h)
any of the chromatograms. The filtered solutions are there-Wwere used to calculate the similarity factor. All of the mean
fore considered stable at ambient conditions for at least profiles were found to be similar since tfevalue for each
72h. pair was>56.
Based on these data, USP apparatus 2 with paddles rotat-
ing at 50 rpm was selected as the dissolution apparatus and

-05
1. = -0
14+ — Xi—Y 100, ,
+",-§( )1 x

3.3. Development of the dissolution test 1000 ml of deionized water was chosen as the dissolution
. - medium. The apparatus and paddle speed were selected based
3.3.1. Selection of the test conditions on regulatory guidelines for immediate-releggd] and

The dissolution test conditions were selected based Onextended-releasi2] products. Since this screening study
a screening study with USP apparatus 1 (100 rpm baskets)yemonstrated that the choice of the dissolution medium was
and USP apparatus 2 (50, 75, and 100rpm paddles). Thengt critical, water was chosen because itis used as the medium
tablets were tested in 1000ml of 0.1 M HCI, USP pH 4.5 for other products that contain pseudoephedrine. In fact, this
buffer, USP pH 6.8 buffer, deionized water, and SIF. The method uses the same apparatus, paddle speed, and disso-
data for cetirizine HCI are given iffable 6 As expected  |ytion medium as that used for pseudoephedrine hydrochlo-

for a highly soluble compound contained within a thin coat- rige tablets, extended-release capsules, and extended-release
ing layer, the dissolution of cetirizine HCl was rapid and tgp|ets[23]

essentially complete within 30 min under all of these test
conditions.
The drug release data for pseudoephedrine HCl are given3.3.2. Discriminating power of the test
in Table 7 These data show that premature drug release (i.e., The ability of the dissolution method to discriminate
“dose dumping”) does not occur, and that 92% or more of the between similar formulations was tested by analyzing tablets
dose is released over 24 h. coated with different amounts of the asymmetric membrane.
The data inTable 7also suggest, in that the average results The mean profilesN=6 tablets) are shown ifig. 6. As
differ by <10% at each time point, that the release of pseu- expected, the release of pseudoephedrine HClwas faster from
doephedrine HClis independent of dissolution conditions. To the more lightly coated tablets.

Table 6
Screening study results for cetirizine HCI (%dissolved at 30#nin)
Medium USP apparatus 1 USP apparatus 2

100rpm 50 rpm 75rpm 100 rpm
0.1M HCI (pH 1.1) 97 (88-107) 95 (89-101) 95 (85-101) 97 (94-101)
USP pH 4.5 buffer 90 (81-99) 100 (91-107) 98 (91-105) 91 (83-101)
Water (pH 6.19 98 (94-110) 95 (91-103) 95 (90-100) 97 (92-104)
USP pH 6.8 buffer 95 (90-100) 95 (91-100) 101 (94-109) 95 (87-100)
SIF (pH 7.5) £ 93 (84-100) - -

a The average result is reported followed by the range in parentheses.
b This was the average pH of the medium in a separate test using USP apparatus 2. The individual values for six tablets ranged from 5.8 to 6.3.
¢ Data not collected.
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Table 7
Screening study results for pseudoephedrine HCI (cumulative %rel@&sed)
Time (h)
2 4 6 8 10 12 14 16 18 20 22 24
0.1 M HCI (pH 1.1)
50rpm Paddles  8(3.2) 29(4.9) 47(5.1) 59(53) 70(4.3) 77(3.9) 82(3.4) 86(3.1) 89(2.8) 90(25) 92(2.3) 93(2.4)
75rpm Paddles 8(4.0) 28(6.4) 45(6.1) 59(6.6) 69(6.4) 78(55) 83(4.8) 88(42) 91(36) 93(3.2) 95(3.1) 97(25)
100rpm Paddles 5(1.8) 24(3.1) 42(3.3) 56(3.3) 67(3.1) 75(29) 81(27) 85(24) 89(23) 91(2.2) 93(22) 95(2.5)
100rpm Baskets 6 (2.7) 26(4.4) 44(46) 57(43) 68(3.7) 76(3.1) 82(3.0) 87(23) 90(2.8) 93(1.7) 95(1.7) 95(1.6)
USP pH 4.5 buffer
50rpm Paddles  6(3.7) 26(6.2) 43(6.6) 56(6.4) 66(6.0) 73(5.4) 79(47) 83(3.7) 86(3.7) 89(3.0) 91(34) 92(2.7)
75 rpm Paddles 6(23) 26(4.2) 43(49) 57(.0) 67(49) 75(4.6) 81(42) 86(3.8) 89(3.7) 92(3.1) 94(2.7) 96(2.6)
100rpm Paddles 6 (2.7) 26(4.7) 43(4.6) 56(4.7) 66(4.3) 73(46) 79(3.5) 83(3.0) 86(2.6) 89(22) 91(21) 92(2.0)
100rpm Baskets 6 (4.0) 24(7.7) 40(8.8) 53(8.9) 64(8.6) 72(7.7) 78(7.1) 83(6.2) 86(54) 89(4.6) 90(4.0) 92(3.6)
Water (pH 6.1)
50 rpm Paddles 9(29) 32(43) 50(4.0) 61(36) 70(3.1) 78(26) 85(22) 89(1.8) 91(1.7) 93(1.5) 92(1.4) 92(1.3)
75rpm Paddles  6(3.6) 26(6.0) 44(7.4) 58(6.9) 68(6.8) 76(6.1) 82(5.4) 86(4.5) 90(4.1) 92(3.2) 94(35) 94(2.6)
100rpm Paddles 8(4.0) 29(6.8) 48(7.3) 61(6.9) 71(6.6) 78(59) 84(5.0) 89(4.2) 91(3.8) 93(3.00 94(3.2) 95(2.8)
100rpm Baskets 8(3.2) 29(5.4) 48(5.8) 62(5.7) 72(5.3) 79(47) 84(41) 88(3.6) 91(3.1) 92(27) 94(1.4) 95(2.1)
USP pH 6.8 buffer
50rpm Paddles  9(3.6) 31(5.4) 48(55) 62(49) 72(4.6) 78(3.9) 83(3.2) 87(28) 90(2.7) 92(2.3) 93(2.1) 94(2.0)
75rpm Paddles 8(4.2) 28(58) 46(56) 60(53) 70(48) 78(4.2) 83(3.7) 87(34) 90(34) 91(31) 93(3.2) 94(2.8)
100rpm Paddles 7 (1.5) 28(2.8) 46(3.1) 60(3.0) 70(2.8) 78(3.2) 82(21) 86(L7) 89(1.9) 91(1.8) 93(1.5) 94(1.6)
100rpm Baskets 7(3.3) 28(5.2) 46(54) 60(5.1) 70(4.6) 77(40) 83(3.6) 86(3.1) 89(2.8) 92(2.6) 93(2.3) 94(2.1)
SIF (pH 7.5)
50rpm Paddles  9(2.2) 31(3.2) 49(3.2) 63(3.0) 73(25) 80(23) 85(2.2) 89(20) 92(1.4) 94(L1) 95(1.2) 96(1.5)

2 The average result is reported followed by the standard deviation in parentheses.
b Nearly all (97%) of the individual tablet results at 1 h wer2%, and all of the results were 8% or less.

In addition, the Tukey-Kramer HSD (Honestly Signifi-
cant Difference) methofR4] was used to test the average
results at 4h for significant differences at the 5% level.
As shown inTable § the results at the 50, 60, 77, and
122% coating weight levels were significantly different than

those at the 97% level. The dissolution method is there-

3.3.3. Reproducibility

The reproducibility of the method was assessed by means
of an inter-laboratory study, where two laboratories used the
dissolution test to assay tablets from three different lots. As
shown inTable 9 both laboratories found that the dissolution
of cetirizine HCI was rapid and essentially complete within

fore able to discriminate between product batches coated30 min.
with the targeted amount of the asymmetric membrane, and The data for pseudoephedrine HCI are tabulated in

those that are coated with77% or>122% of this nominal
weight.
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Fig. 6. Mean cumulative %release profiles for pseudoephedrine HCI from
tablets coated with 5(H), 60 (O), 77 (+), 86 @), 97 (@), 110 (x), and
122% () of the target AM coating weight.

Table 10 The results from the two laboratories were con-
sidered equivalent since the average values differed by 6% or
less at each time point. In addition, the profiles were found
to be similar to one another in that thevalues were>71 for

each lot. These data support the conclusion that the method
is rugged and transferable.

Table 8
Cumulative% pseudoephedrine HCl released at 4 h vs. AM coating Weight
Coating weight Mean+ 95%
(%target) confidence limits

50 57+ 2.7 A

60 51+ 3.7 A B

77 46+ 4.1 B C

86 40+ 5.2 cC D

97 35+ 4.8 D E
110 29+ 2.8 E F
122 26+ 6.0 F

@ Coating weight levels not connected by the same letter are significantly
different ato = 0.05.
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Table 9
Reproducibility results for cetirizine HCI (%dissolvéd)
Time (min) Lot 1 Lot 2 Lot3
Lab A Lab B Lab A Lab B Lab A Lab B
15 95 (90-99) 92 (83-98) 91 (89-94) 94 (88-100) 96 (92-97) 97 (90-100)
30 96 (90-101) 93 (84-99) 94 (90-99) 94 (88-98) 95 (93-97) 98 (90-101)
45 96 (91-100) 94 (86—-99) 94 (92-99) 95 (90-98) 96 (94-97) 100 (92-106)
60 97 (91-101) 95 (87-102) 95 (91-99) 96 (90-100) 98 (96-99) 100 (92-103)
@ | aboratory A tested six tablets.
b The average result is reported followed by the range in parentheses.
Table 10
Reproducibility results for pseudoephedrine HCI (cumulative %rele&8¢d)
Time (h) Lot1 Lot 2 Lot3
Lab A LabB Lab A Lab B Lab A Lab B
2 10 (24) 10 (3.4) 7 (43) 9(33) 4(32) 7(27)
4 32(32) 32(5.3) 29 (68) 31 (46) 22 (69) 27 (53)
6 52 (30) 51 (5.4) 47 (1) 48 (52) 39 (76) 45 (61)
8 66 (30) 64 (5.1) 61 (64) 60 (54) 54 (7.9) 58 (61)
10 76 (23) 74 (4.5) 72 (M) 70 (40) 65 (7.8) 69 (58)
12 83 (18) 80 (3.6) 80 (R) 78 (40) 73 (69) 76 (54)
14 89 (16) 86 (3.1) 85 (83) 84 (29) 80 (61) 81 (48)
16 92 (06) 90 (2.9) 89 (&) 88 (32) 85 (65) 85 (43)
18 95 (08) 92 (2.2) 93 (&) 91 (30) 88 (49) 87 (37)
20 96 (Q9) 93(2.1) 95 () 91 (36) 91 (48) 90 (33)
22 97 (10) 94 (1.8) 96 (27) 90 (35) 92 (44) 91 (36)
24 100 (11) 95 (1.6) 98 (5) 93 (19) 93 (45) 93 (32)

@ Laboratory A tested six tablets.

b The average result is reported followed by the standard deviation in parentheses.

¢ All of the individual results at 1 h werg3%.

4. Conclusions

A robust, discriminating dissolution method was devel-
oped for a combination tablet of cetirizine HCI and pseu-

References

125-135.

[1] J.M. Portnoy, C. Dinakar, Expert Opin. Pharmacother. 5 (2004)

[2] P. Demoly, V. Piette, J.-P. Daures, Drugs 63 (2003) 1813-1820.

doephedrine HCI. A screening study was conducted to select [3] m.s. Benedetti, M. Plisnier, J. Kaise, L. Maier, E. Baltes, C. Arendt,

the dissolution apparatus, rotation speed, and dissolution

N. McCracken, Eur. J. Clin. Pharmacol. 57 (2001) 571-582.

medium for the test. The method was successfully validated [4] I. Kanfer, R. Dowse, V. Vuma, Pharmacotherapy 13 (1993)

according to current ICH and FDA guidelines, and the trans-
ferability of the method was demonstrated during an inter-
laboratory trial. This method will be used to optimize the
formulation and manufacturing process, to assess the quality
and performance of each tablet lot, and to minimize the risk
of releasing bioinequivalent product batches.

Acknowledgements

The authors would like to thank all of the Pfizer col-
leagues who have contributed directly or indirectly to this
work. In particular, we would like to thank Arthur Besteman,
Stephen Brune, Toni Costello, Michael Fergione, Barbara

116S-128S.

2004. 2699-2701.

[5] Physicians’ Desk Reference, 58th ed., Thomson PDR, Montvale, NJ,

[6] M.T. am Ende, S.M. Herbig, R.W. Korsmeyer, M.B. Chidlaw, in:
D.L. Wise (Ed.), Handbook of Pharmaceutical Controlled-Release
Technology, Marcel Dekker, New York, 2000, pp. 751-785.

[7] Food and Drug Administration, International Conference on Har-
monisation; Guideline on Validation of Analytical Procedures: Def-
initions and Terminology; Availability, Fed. Regist. 60 (40) (1995)

11260-11262.

[8] Food and Drug Administration, International Conference on Har-
monisation; Guideline on the Validation of Analytical Procedures:

Methodology; Availability, Fed. Regist. 62 (96) (1997) 27464—-27467.

[9] Food and Drug Administration, Draft Guidance for Industry on
Analytical Procedures and Methods Validation: Chemistry, Manu-
facturing, and Controls Documentation; Availability, Fed. Regist. 65
(169) (2000) 52776-52777.

Johnson, Cynthia Oksanen, Gregory Steeno, Avinash Thom_[lO] K.C. Waterman, M.B. Fergione, J. Control. Release 89 (2003)

bre, and those who reviewed and commented on drafts of
this manuscript. Some of the data for pseudoephedrine HCI

387-395.

6,537,573 (2003).

[11] B.A. Johnson, R.W. Korsmeyer,

C.A. Oksanen, U.S. Patent

in Section3.3.1were previously published by am Ende, etal. [12] The United States Pharmacopeia, 23rd ed., United States Pharma-
copeial Convention, Rockville, MD, 1995. pp. 2049, 2050, and 2053.

(Ref.[6]).



M.D. Likar et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 543-551 551

[13] G. Bouchard, A. Pagliara, P.-A. Carrupt, B. Testa, V. Gobry, H.H. [20] Food and Drug Administration, Guidance for Industry on SUPAC-

Girault, Pharm. Res. 19 (2002) 1150-1159. MR, Modified Release Solid Oral Dosage Forms; Scale-Up and
[14] The European Pharmacopoeia, fourth ed. (suppl. 4.7), Council of Postapproval Changes for Chemistry, Manufacturing, and Controls;
Europe, Strasbourg, 2003, p. 4450. Availability, Fed. Regist. 62 (193) (1997) 52138-52139.
[15] The United States Pharmacopeia, 27th ed., United States Pharma{21] Food and Drug Administration, Guidance for Industry on Dissolution
copeial Convention, Rockville, MD, 2004, p. 2514. Testing of Immediate Release Solid Oral Dosage Forms; Availability,
[16] R.-S. Tsai, P.-A. Carrupt, B. Testa, N.E. Tayar, G.L. Grunewald, A.F. Fed. Regist. 62 (164) (1997) 44974-44975.
Casy, J. Chem. Res. Synop. 8 (1993) 298-299; [22] Food and Drug Administration, Guidance for Industry on Extended
R.-S. Tsali, P.-A. Carrupt, B. Testa, N.E. Tayar, G.L. Grunewald, A.F. Release Oral Dosage Forms: Development, Evaluation, and Appli-
Casy, J. Chem. Res. Microfiche (1993) 1901-1920. cation of In Vitro/In Vivo Correlations; Availability, Fed. Regist. 62
[17] The United States Pharmacopeia, 27th ed., United States Pharma- (187) (1997) 50619.
copeial Convention, Rockville, MD, 2004, p. 2794. [23] The United States Pharmacopeia, 27th ed., United States Pharma-
[18] G.W. Snedecor, W.G. Cochran, Statistical Methods, eighth ed., lowa copeial Convention, Rockville, MD, 2004, pp. 1598, 1600, and 3079.
State University Press, Ames, IA, 1989, pp. 324-329. [24] D.J. Sheskin, Handbook of Parametric and Nonparametric Statistical

[19] J.W. Moore, H.H. Flanner, Pharm. Technol. 20 (1996) 64-74. Procedures, CRC Press, Boca Raton, FL, 1997, pp. 355-357.



	Development and validation of a dissolution test for a once-a-day combination tablet of immediate-release cetirizine dihydrochloride and extended-release pseudoephedrine hydrochloride
	Introduction
	Experimental
	Materials
	Dissolution test conditions
	HPLC method
	Statistical analysis

	Results and discussion
	Physicochemical properties of the APIs
	Validation of the HPLC method
	Specificity
	Linearity
	Accuracy
	Precision
	Range
	Robustness
	Filter suitability
	Solution stability

	Development of the dissolution test
	Selection of the test conditions
	Discriminating power of the test
	Reproducibility


	Conclusions
	Acknowledgements
	References


