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A  gradient  high  performance  liquid  chromatographic  (HPLC)  method  using  charged  aerosol  detection
(CAD)  was  developed  for  the  simultaneous  determination  of  impurities  formed  by  the  Mail-
lard  reaction  in  memantine  tablets.  These  impurities  were  a memantine-lactose  adduct  (ML),  a
memantine-dimethylamino  glycine  adduct  (DMAG),  a memantine-galactose  adduct  (MGAL),  and  a
memantine-glucose  adduct  (MGLU).  The  chromatographic  separation  was  performed  on  a Synergy
Hydro  RP  column  (100  mm  × 3 mm,  2.5  �m particles)  from  Phenomenex  with  gradient  elution  using
mobile  phases  consisting  of  0.6%  (v/v)  of  heptafluorobuturic  acid (HFBA)  in  two  acetonitrile–isopropyl
alcohol–water  mixtures.  The  method  validation  for the  impurities  included  linearity,  accuracy  by  spike
aillard reaction impurities
emantine

actose

recovery,  precision,  limits  of  detection  and  quantitation,  and  robustness.  The  method  was  sensitive  for
these  non-chromophoric  impurities  down  to 0.4–0.6  �g/mL  (0.02–0.03%  of the  memantine  drug  sub-
stance).  The  effect  of  mobile  phase  HFBA  concentration  on chromatographic  resolution  and  peak  shape
was investigated,  and  the  effect  of  sample  diluent  acidification  on method  accuracy  via spike  recovery  was
studied. The  operational  simplicity  of the CAD  detector  for routine  quality  control  has  been  demonstrated.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

The reaction between amino compounds and reducing sugars
s known as a Maillard reaction (MR), and the chemical pathways
f the MR  are very complicated. Hodge [1] presented it as a multi-
taged reaction series in which each stage depends on a number
f controlling factors such as temperature, pH, and nature of reac-
ants. High temperature and high pH support a quick completion
f the reaction. However, degradation products formed by the MR
ave also been observed under less extreme conditions in pharma-
eutical products containing both lactose, an excipient commonly
sed as a filler in solid dosage formulations [2],  and drug sub-
tances containing amino groups, such as fluoxetine hydrochloride
3], aminophylline, amlodipine, acyclovir [4] and baclofen [5]. For-

ation of MR  impurities was also reported in memantine tablets
6].

Long-term stability studies (25 ◦C/60% RH storage condition)
ere conducted for memantine tablets formulated with lactose at
ess than a 1:20 drug to lactose ratio, as well as other common tablet
xcipients. During the storage, a primary amino group of meman-
ine (1-amino-3,5-dimethyladamantane) underwent the MR  with

∗ Corresponding author. Tel.: +1 714 246 6848.
E-mail address: rystov lidia@allergan.com (L. Rystov).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.07.010
lactose, a reducing sugar, resulting in four MR  related impurities;
a memantine-lactose adduct (ML), a memantine-dimethylamino
glycine adduct (DMAG), a memantine-galactose adduct (MGAL),
and a memantine-glucose adduct (MGLU). These four impurities
were characterized by HPLC-mass spectrometry and subsequently
identified in memantine tablets using authentic compounds. A
schematic diagram showing the MR  between lactose and meman-
tine is presented in Fig. 1.

Quantitation of the MR  impurities, especially those lacking an
appreciable chromophore, has traditionally proven difficult. Ana-
lytical techniques such as HPLC with mass spectrometric detection
[4,5,7–10] and HPLC with evaporative light scattering detection
(ELSD) [11,12] have been used to separate and quantitate these
types of impurities. Although mass spectrometry is highly sensitive
and has advantages with respect to detection of non-chromophoric
compounds, it is an expensive and complex technique for use in
a routine quality control laboratory environment. ELSD is con-
sidered a “universal detector,” but its sensitivity, dynamic range,
and precision are limited. One more alternative detection tech-
nique, fluorometry, has been commonly used in the pharmaceutical
industry to detect non-chromophoric compounds or to improve

trace level method sensitivity over standard UV detection. How-
ever, this detection technique often requires a derivatization
reaction in order to increase sensitivity or selectivity. A num-
ber of HPLC methods with fluorimetric detection based on the

dx.doi.org/10.1016/j.jpba.2011.07.010
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:rystov_lidia@allergan.com
dx.doi.org/10.1016/j.jpba.2011.07.010
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Fig. 1. Schematic diagram showing Mail

erivatization technique were developed for amantadine and its
erivative memantine [13–16].

Another “universal” detector that is gaining acceptance for the
nalysis of non-chromophoric analytes is the Corona® Charged
erosol Detector (CAD). CAD is a mass-based detector which
asses nebulized column effluent through a drying tube and then

nto a corona discharge zone. The corona forms charged analyte
olecules, which are then accelerated into an electrometer for
etection. The detector response is proportional to the amount of
nalyte present [17] and is less dependent on molecular structure
han a UV detector response, especially for compounds of simi-
ar structure. The CAD provides a wide dynamic range, sensitivity
action between lactose and memantine.

down to nanogram levels, and is compatible with gradient elution.
A comparison between the performances of CAD and ELSD “univer-
sal” detectors demonstrated that CAD has significant advantages
over ELSD in terms of linearity, precision and sensitivity [18–23],
and the CAD is better suited for the detection of impurities and
degradation products.

This paper describes a sensitive and selective reversed phase
gradient HPLC method with CAD detection for the quantifi-

cation of four MR  impurities in memantine tablets using a
simple sample preparation technique. There are relatively few
publications describing the use of HPLC-CAD in pharmaceu-
tical applications, but its use has been growing. Nováková
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Table 1
HPLC gradient program.

Time Mobile phase A Mobile phase B Gradient curve

Initial 100% 0% N/A
10.0 min 65% 35% Convex
30.0 min 65% 35% Isocratic
L. Rystov et al. / Journal of Pharmaceutica

t al. developed and validated a HPLC-CAD method for the
etermination of statins in tablets [24]. Diaz-Lopez et al. devel-
ped a HPLC-CAD method for the quantification of a pegylated
hospholipid, 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
-[methoxy(polyethylene glycol)-2000], associated to polymeric
icrocapsules of perfluorooctyl bromide [25]. Duan et al. used
PLC-CAD for the mass-balance evaluation of the forced degrada-

ion of digitoxin [26]. Inagaki et al. described the direct detection
ethod of oligosaccharides using HPLC with CAD [27]. Blazewicz

t al. developed novel liquid chromatography methods with
AD for the determination of pancuronium and its impurities,
tracurium, cisatracurium and mivacurium with their impurities
n pharmaceutical preparations [28,29]. Holzgrabe et al. developed
nd fully validated a reversed phase ion-pair HPLC method with
AD for the pharmaceutical quality control of l-aspartic acid [30].
o our knowledge, the approach described here is the first to uti-
ize HPLC with a CAD detector for the detection and quantitation of
on-chromophoric low level impurities such as ML,  DMAG, MGAL
nd MGLU in lactose containing solid dosage formulations.

. Experimental

.1. Chemical and reagents

Memantine HCl was  obtained from Merz & Co. (Frankfurt,
ermany). The ML,  MGLU and MGAL impurities were provided by
lauson–Kaas (Farum, Denmark). The DMAG impurity was  received
rom OlainFarm (Olaine, Latvia). HPLC grade acetonitrile and iso-
ropanol were purchased from EMD  (Gibbstown, NJ, USA). HPLC
rade methanol was obtained from Burdick & Jackson (Muskegon,
I,  USA). Deionized water was obtained from a Millipore Corpora-

ion Milli-Q system, Millipore (Bedford, MA,  USA). Sequanal-grade
eptafluorobutyric acid (HFBA) was purchased from Pierce (Rock-

ord, IL, USA). Formic acid (purity ≥98.0%) was purchased from
luka (Buchs, Switzerland). Memantine tablets were produced by
llergan, Inc.

.2. Sample preparations

Standard solutions of the MR  impurities were prepared by
issolving the compounds in methanol followed by dilution in
ethanol:water (50:50, v/v). The nominal concentration of the
orking standard was 0.016 mg/mL.

Memantine tablets stored for 3 years at 25 ◦C/60% RH storage
ondition were dissolved in methanol:water (50:50, v/v) acidified
y formic acid. Tablets were first transferred to a 50 mL  volumetric
ask, and then approximately 25 mL  of water was  added to the flask.
he solution was left standing for 15 min  at room temperature to
llow tablets to disintegrate. The solution was then swirled without
gitation in order to avoid foaming. After the tablets were visibly
isintegrated, 0.25 mL  (0.5% of the total dilution volume) of formic
cid was added to the solution followed by dilution to volume with
ethanol:water (50:50, v/v). The resultant solution was  mixed by

tirring for 30 min. The nominal concentration of memantine in
he sample solution was 2 mg/mL. Finally, an aliquot of the diluted
ample was filtered through a 0.45 �m PTFE Acrodisc syringe filter
irectly into an HPLC vial for analysis.

.3. Instrumentation and conditions

HPLC analyses were carried out using a Waters 2695 HPLC
ystem (Waters Corporation, Milford, MA,  USA) connected to
 CAD detector (ESA, Chelmsford, MA,  USA). The CAD thermal
rganizer was not included in the system. Data acquisition and
ntegration were performed by using the Waters Empower soft-

are. The analytical column was a Synergy-RP (100 mm × 3 mm,
30.1 min  0% 100% Immediate increase
35.0 min  0% 100% Isocratic
40.0 min  100% 0% Linear

2.5 �m particles) from Phenomenex (Torrance, CA, USA), and it was
maintained at 40 ◦C. The autosampler was held at ambient room
temperature. The column flow rate was  set to 0.4 mL/min, and the
injection volume was 50 �L.

The chromatographic separations were carried out using gradi-
ent elution, as described in Table 1. Mobile phase A consisted of a
mixture of HFBA:Solution A (0.6:99.4, v/v), where Solution A was
a mixture of acetonitrile:isopropyl alcohol:water (5:5:90, v/v/v).
Mobile phase B consisted of HFBA:Solution B (0.6:99.4, v/v); where
Solution B was a mixture of acetonitrile:isopropyl alcohol:water
(30:27:43, v/v/v). The mobile phases were filtered through 0.45 �m
Millipore HVLP membrane filters prior to use.

The following operating parameters for the CAD were set: the
nitrogen gas pressure at the detector inlet was  set to 35 psi, the
detector response range was 100 pA, and the filter was set to
“None.” Nitrogen with a purity of NLT 99.99% was used as the
nebulizing gas.

2.4. Quantitaton of impurities

Quantitation of the MR  impurities in memantine tablets was
performed using single point working standards of the impurities.

3. Results and discussion

3.1. Method optimization

3.1.1. Optimization of chromatographic conditions
A mobile phase containing 0.6% (v/v) of HFBA in a water, ace-

tonitrile and isopropanol mixture was found to be optimal for
this method. At the beginning of the method development, mobile
phases containing methanol and water with 0.2% (v/v) of trifluo-
roacetic acid (TFA), an anionic ion-pairing reagent, were used. The
TFA was chosen because of its volatility and compatibility with CAD
operational principles [31]. However, baseline separation of the MR
impurities could not be obtained, and the method sensitivity was
poor due to high background noise. It has been reported [17,31] that
mobile phases containing methanol may  increase the background
noise of the CAD. For this reason and to improve the chromato-
graphic separation, the first mobile phase optimization step was to
replace methanol with acetonitrile without impacting the overall
chromatography, which did reduce the background noise. Further
refinement steps led to a mobile phase containing a mixture of ace-
tonitrile and isopropyl alcohol, which was selected because of the
lower polarity and improved selectivity. However, the percentage
of isopropanol in the mobile phase was limited by its high viscosity,
which leads to an increased column back pressure. With the iso-
propanol present, the resolution between the ML  impurity and the
MGAL impurity was  significantly improved relative to that obtained
with acetonitrile alone.

To further enhance the method sensitivity and impurity res-
olutions, the TFA in the mobile phase was  replaced with a less

volatile but more hydrophobic, longer alkyl chain HFBA. Several
concentrations, including 0.4%, 0.6% and 0.8% (v/v) HFBA, were eval-
uated, and a signal-to-noise ratio increase was observed for the
0.4% and 0.6% (v/v) HFBA mobile phases compared to the 0.2% TFA
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obile phase. At a concentration of 0.8% (v/v) HFBA, though, the
ackground noise became unacceptable. Concurrently, the resolu-
ions increased between the DMAG impurity and memantine and
etween the very closely eluting MGAL and MGLU impurities with

ncreasing HFBA concentration. The final HFBA concentration was
et to 0.6% (v/v) in the mobile phase, as it provided the optimal
alance between sensitivity and impurity resolution.

The Waters 2695 HPLC provides a wide variety of gradient
urves to adjust the rate of change between the individual mobile
hase channels, with linear being the most commonly used. In
rder to investigate the ability of different curves to improve the
eparation between the analytes and matrix components, linear
nd convex curves were evaluated for the first segment of the gra-
ient program. As the name indicates, a linear curve mixes the two
hannels in a 1:1 ratio throughout the program segment. The con-
ex curve accelerates the percentage of mobile phase B relative
o A in the beginning of the segment and slows as the segment
nds. The convex curve was applied to accelerate the elution of
lacebo matrix components during first 10 min  and thus to reduce
he overall duration of the chromatographic run. In order to achieve
ufficient resolution between each of the analytes and formulation
eaks, an isocratic elution was applied to the second segment, from
0 to 30 min. Because the convex curve was only applied to accel-
rate the elution of placebo matrix components during first 10 min,
his profile can be changed to a linear gradient without negatively
ffecting the separation of MR  impurities.

All CAD operating parameters were held constant during the
hromatographic separation. The optimization of detection param-
ters was limited to only two variable settings, namely the response
ange and a filter setting. The range was set to “100 pA” to select the
ull-scale range for the detector and to ensure that the chromato-
raphic peaks remained on scale. Additionally, the signal filter was
et to “None” in order to collect the unsmoothed signal for better
ow level impurity detection.

.1.2. Optimization of sample diluent
The initial spike recovery assessment of the MGLU, MGAL,

MAG and ML  impurities from the formulation matrix was con-
ucted with a methanol:water (50:50, v/v) sample diluent. In this
iluent, all of these impurities, which contain a secondary amine
unctional group (estimated pKa of the protonated amine > 10) [32],
ould carry a positive charge. Additionally, the DMAG impurity

ontains a carboxylate functional group (estimated pKa ∼ 4.8) [33]
hat would be ionized in the diluent to carry a negative charge. Thus
MAG would be overall neutral while the MGLU, MGAL, and ML
mpurities would carry a net positive charge in the methanol:water
50:50, v/v) sample diluent. As a result, the spike recovery for the

GLU, MGAL, and ML  impurities in methanol:water was  poor, as
hown in Table 2.

able 2
pike recovery with and without acidification of the sample preparation.

MR impurity Level of spiked impurity as
% of memantine drug
substance

Concentration of
spiked impurity,
�g/mL

ML  0.1 1.9 

1.9  38 

MGLU 0.05 1.0 

1.0  21 

MGAL 0.06 1.1 

1.1  23 

DMAG 0.06 1.2 

1.2  25 
 Biomedical Analysis 56 (2011) 887– 894

Given that the tablet formulation contains colloidal silicon diox-
ide, which is negatively charged [34], the most likely cause for
the poor recovery of the three impurities is electrostatic attrac-
tion between the positively charged impurities and the negatively
charged silicon dioxide, which was filtered away during sample
preparation. Acidifying the methanol:water sample diluent sub-
stantially increased the recovery of MGLU, MGAL, and ML  as shown
in Table 2. The acidified sample diluent suppressed the nega-
tive charge on the silicon dioxide during the sample preparation,
thereby lowering the electrostatic attraction between the posi-
tively charged impurities and silicon dioxide. Since the DMAG
impurity was  uncharged in the neutral methanol:water (50:50, v/v)
sample diluent, its recovery was  fairly good without acidification.
After acidification, the DMAG carried a positive charge, but due of
the negative charge suppression on the silicon dioxide, the recovery
of DMAG was  not significantly affected. Therefore, the behavior of
the DMAG impurity in this study is consistent with the hypothesis
that electrostatic attraction played a role in affecting recovery.

In order to confirm the specificity of the method for the
MR impurities, placebo samples were prepared in the acidified
methanol:water (50:50, v/v) diluent, and no interfering peaks
at the retention times of the MR  impurities were observed.
Additionally, no chromatographic differences (including peak
areas) were observed between impurity standards prepared with
methanol:water and acidified methanol:water diluents. Therefore,
the acidification of the sample diluent did not induce matrix or
standard degradation that would potentially interfere with the
quantitation of the MR  impurities.

3.2. Method validation

3.2.1. Linearity
Linearity of the detector for the ML,  MGLU, MGAL and DMAG

impurities was demonstrated in the concentration ranges shown
in Table 3 by plotting the peak area of the analyte versus its con-
centration. A linear least-squares regression was performed, and
the correlation coefficients (R) for all the regressions were at least
0.996, thus demonstrating a good linear response for the impurities
across the concentration range of interest. A summary of linearity
data is presented in Table 3.

3.2.2. Accuracy and precision
The method accuracy was  assessed by spiking an accurately

known quantity of the MGLU, MGAL, ML  and DMAG impurities

into the sample matrix and determining their recoveries. The spike
recovery studies were performed at three concentration levels for
each impurity, and triplicate sample preparations were made at the
each concentration level. Results are shown in Table 4.

% Recovery with the
acidification of sample
preparations

% Recovery without the
acidification of sample
preparations

89 69
86 81

109 33
102 37

77 28
99 39

106 93
139 133
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Table 3
Linearity data for ML,  DMAG, MGLU, and MGAL.a

Compound Concentration range, �g/mL Y-intercept (×105) Slope (×106) Correlation coefficient, r

ML  1.9–38 1.44 2.36 0.996
DMAG 1.3–53 1.65 3.03 0.998
MGLU 1.1–43 1.10 2.60 0.999
MGAL 1.2–47 2.53 2.34 0.996

a Each linearity solution was  prepared in triplicate (n = 3) using methanol–water (50:50, v/v) as a diluent. Each linearity plot passed through the origin within 95% confidence
interval.

Table  4
Method accuracy and intra-assay precision data.

MR impurity Level of spiked
impurity as % of
memantine drug
substance

Concentration of
spiked impurity,
�g/mL

%RSD (n = 3) Mean % recovery at
each concentration
level

Overall mean %
recovery

ML 0.09 1.9 5.4 84 88
1.1  23 2.2 92
1.9  38 1.1 89

DMAG 0.07 1.3 3.3 120 126
1.1  21 0.9 134
2.7  53 0.1 124

MGLU 0.05 1.1 3.2 85 100
0.9  17 1.0 109
2.2  43 0.8 106

MGAL 0.06 1.2 11 92 95
0.9  19 0.2 99
2.4  47

Table 5
Method precision data (n = 3).

MR impurity Level as % of memantine drug substancea %RSD

ML  0.81 1.9
0.79
0.78

DMAG 0.28 0.0
0.28
0.28

MGLU 0.24 2.4
0.24
0.23

MGAL 0.48 1.2
0.47

c
a

p
t

m
e
s
s
t
m

3

w
t

0.48

a Memantine concentration in the sample preparation solution equals to 2 mg/mL.

Method intra-assay precision was also determined as the per-
ent relative standard deviation (%RSD) of the spike recovery results
t each concentration level (Table 4).

Single day method precision was tested by analyzing three
reparations of memantine tablets and determining the %RSD of
he impurity results. The data are summarized in Table 5.

Day-to-day method precision was demonstrated by analyzing
emantine tablets on two different days, three preparations on

ach day, and determining ratios of the means for day-to-day data
ets. Comparison of the mean values obtained for each impurity
howed no significant difference between the two data sets, and
herefore sufficient method ruggedness was demonstrated. A sum-

ary of the results is shown in Table 6.
.2.3. Method detection limit (LOD) and quantitation limit (LOQ)
LOD and LOQ were determined by analyzing placebos spiked

ith impurities at known low concentrations that yielded signal-
o-noise ratios of at least 3:1 and 10:1, respectively. The measured
1.2 93

LOD and LOQ values are presented in Table 7. Fig. 2 shows chro-
matograms of placebo spiked with impurities at low concentrations
and the detector sensitivity solution.

Given the maxim daily dose of 20 mg,  the ICH reporting, iden-
tification and qualification thresholds were 0.1%, 0.2% and 0.5% of
the drug substance label strength, respectively. The method’s LOQs
for the various impurities are adequate to meet the ICH require-
ments.

3.2.4. Effects of column temperature and HFBA concentration in
mobile phase

To understand the effect of column temperature on method per-
formance, particularly the resolution between the critical-pair of
the MGLU and MGAL impurities, a controlled study varying the
column temperature above and below the nominal values was
performed. A sample prepared from aged memantine tablets was
analyzed using column temperatures of 35 ◦C, 40 ◦C and 45 ◦C. As
shown in Table 8, the temperature variation shifted the retention
times for the analytes, as anticipated, but the resolution between
the MGLU and MGAL was not affected.

As for the effect of HFBA concentration in the mobile phase
on the separation and detector response, the experiments con-
ducted during method development and detailed in Section 3.1.1
shows that varying HFBA concentration leads to improved sensitiv-
ity and selectivity. However, at levels above 0.6% (v/v), the detector
background noise becomes unacceptably high. Therefore, the HFBA
concentration in the mobile phase is a critical parameter for opti-
mizing method performance.

3.3. Real sample analysis
This analytical method was  applied to the quantitation of
MR impurities in aged memantine tablets from the long-term
stability program. Tablets were stored for 3 years under nom-
inal controlled temperature and humidity storage conditions of
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Table 6
Day-to-day method precision data (n = 3).

MR impurity Level as % of memantine drug substancea Mean level as % of memantine drug substance Ratio of means Day1/Day2

Day 1 Day 2 Day 1 Day 2

ML  0.81 0.79 0.79 0.80 0.99
0.79 0.81
0.78 0.80

DMAG 0.28 0.30 0.28 0.29 0.95
0.28 0.29
0.28 0.29

MGLU 0.24 0.22 0.24 0.22 1.06
0.24  0.20
0.23 0.25

MGAL 0.48 0.48 0.48 0.50 0.96
0.47 0.47
0.48 0.54

a Memantine concentration in the sample preparation solution equals to 2 mg/mL.
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Fig. 2. Chromatograms of placebo spiked with impurities at low concentrations and the detector sensitivity solution: (A) detector sensitivity solution with the concentration
of  impurities at 0.05% of drug substance; (B) placebo spiked with drug substance and MGLU at 0.05% of drug substance; (C) placebo spiked with drug substance, along with
ML,  MGAL and DMAG at 0.09%, 0.06% and 0.07% of drug substance, respectively. The elu
–matrix  components (0–11); 2 – ML  (16.6); 3 – drug substance related unspecified impur

Table  7
LOD and LOQ values.

MR impurity LOD/LOQ Level as % of
memantine drug
substance

Impurity
concentration,
�g/mL

ML  LOD 0.03 0.66
LOQ 0.11 2.2

DMAG LOD 0.02 0. 38
LOQ 0.07 1.3

MGLU LOD 0.03 0.62
LOQ 0.10 2.1

MGAL LOD 0.03 0. 56
LOQ 0.09 1. 9
tion order was  the following (retention time shown in parentheses in minutes): 1
ity; 4 – MGLU (19.5); 5 – MGAL (20.4); 6 – DMAG (22.7); 7 – drug substance (26.3).

25 ◦C/60% RH. The MR impurities were quantitated against exter-

nal bracketing standards, and the following levels of impurities
were detected in memantine tablets as % of the drug substance
label concentration: ML  = 0.70%, DMAG = 0.30%, MGLU = 0.25% and

Table 8
Effect of column temperature on analyte retention times and resolution between
MGLU and MGAL.

HPLC column temperature 35 ◦C 40 ◦C 45 ◦C

ML  retention time, min  18.3 16.7 15.6
MGLU retention time, min  21.5 19.4 17.9
MGAL retention time, min 22.7 20.5 18.9
DMAG retention time, min  25.8 23.2 21.1
Resolution between MGLU and MGAL 1.4 1.5 1.5
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GAL = 0.55%. Fig. 3 is a chromatogram of the memantine tablet
ample, which had been stored for 3 years at 25 ◦C and 60%
H.

. Conclusions

A  new gradient HPLC method with CAD detection was  developed
nd validated for the simultaneous determination of four pri-
ary, non-chromophore-containing Maillard reaction impurities

n memantine tablets: ML,  DMAG, MGLU and MGAL. The method
as linear over the range of typical impurity levels with good accu-

acy, precision, and robustness. HFBA added to the mobile phase
mproved the resolution and peak shapes of the impurities Detec-
ion of the impurities by CAD provided sufficient sensitivity to
etect these types of compounds at levels as low as 0.02–0.03%
f the drug substance label concentration. It was  also determined
hat acidification of the sample diluent was required during sample
reparation to ensure acceptable recovery of the analytes from the
omplex tablet matrix. With the successful development, optimiza-
ion and validation of this robust and simple HPLC-CAD procedure,
outine quality control analysis of memantine tablets for these MR
mpurities is now possible.
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