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bstract

The presence of a degradation product of alprazolam tablets that emerged throughout a short-stability assay has been determined and properly
haracterized. For this purpose an efficient methodology has been successfully applied, including SPE and HPLC methods for isolation and
urification, respectively. LC/MS, MS/MS, 1H NMR, 13C NMR, UV and IR have been employed for structural elucidation confirming the identity
f this impurity as 7-chloro-1-methyl-5-phenyl-[1,2,4]triazolo[4,3-a]quinolin-4-amine or triazolaminoquinoleine.

The impurity, previously described as a long-term photodegradation product of alprazolam active pharmaceutical ingredient, was rapidly formed

n the absence of light, but required the presence of excipients and its rate of formation increased with heat and humidity.

In addition, a LC method has been developed and validated including triazolaminoquinoleine for the adequate determination of alprazolam and
ts mayor degradation product in tablets as pharmaceutical forms.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Stability testing is the primary tool used to assess expira-
ion dating and storage conditions for pharmaceutical products.

any protocols have been used for stability testing, but most in
he industry are now standardizing on the recommendations of
he International Conference on Harmonization (ICH). Stability
esting includes long-term studies, where the product is stored
t room temperature and humidity conditions, as well as accel-
rated studies where the product is stored under high heat and
ontrolled humidity conditions. Stability studies are linked to
he establishment and assurance of safety, quality and efficacy
f the drug product. In order to assess stability, the appropriate
hysical, chemical, biological and microbiological testing must
e performed. One of the evaluation criteria is the appearance
f impurities [1].
Alprazolam is a benzodiazepine derivative that is currently
sed in the treatment of generalized anxiety, panic attacks with
r without agoraphobia, and depression [2].

∗ Corresponding author. Tel.: +34 913 724711; fax: +34 913 510475.
E-mail address: cbarbas@ceu.es (C. Barbas).
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The corresponding stability testing of alprazolam tablets con-
aining 0.25 mg of the active substance revealed about 15 �g of
n unknown impurity per tablet. This result was obtained by
PLC with ultraviolet diode array detection following a previ-
us HPLC method with minor modifications [3]. The impurity
xceeded the 1% identification threshold (based on the <1 mg
dministration per day), which called for structural identifi-
ation. HPLC retention time of the impurity did not coincide
ith any officially available standard of impurities. Nudelman

t al. [4] performed previous studies on alprazolam thermal,
ydrolytic and photochemical degradation products on the active
harmaceutical ingredient (API). The authors only obtained
hotostability related products after a long-term light expo-
ure and only that route was studied with the tablets. However,
he conditions of sample storage during the stability assay
f alprazolam tablets in the present study (inside the blis-
ers, packing material and closed climatic chambers) excluded
hotodegradation.

The purpose of this study was to identify this unknown impu-

ity in alprazolam tablets and confirm the structure by chemical
ndependent organic synthesis of this compound. NMR, IR, MS
nd LC–UV (DAD) techniques were employed for characteri-
ation. After that, a HPLC method was developed and validated

mailto:cbarbas@ceu.es
dx.doi.org/10.1016/j.jpba.2006.12.003
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or a rapid quantification of both alprazolam and the impurity in
he tablets.

. Experimental

.1. Chemicals

Standard of alprazolam as well as tablets and excipients were
indly provided by CINFA S.A. (Pamplona, Spain). Acetic acid
nd ammonia (28%) were from Panreac (Barcelona, Spain),
imethylsulfoxide (DMSO) was from Scharlab (Barcelona,
pain), H3PO4 (85%), ammonium acetate and acetonitrile
HPLC grade) from Merck (Darmstadt, Germany), and water
as purified with a Milli-Q plus system from Millipore (Bed-

ord, MA, USA).

.2. Standard solutions and sample preparation

In all cases the diluent for standards and samples was the
obile phase. Alprazolam and triazolaminoquinoleine stan-

ards solutions were prepared by exactly weighing around
.0 mg of each separately in 100 mL volumetric flasks.

Two formulations were analyzed: one containing 0.25 mg
lprazolam and the another one with 2 mg of alprazolam per
ablet. For quantification both samples were diluted to a final
heoretical concentration of 0.05 mg alprazolam/mL.

.3. Stability conditions

The stability study was performed with tablets kept in their
listers (PVC-PVDC/Aluminium) and stored in climatic cham-
ers under the following conditions of temperature and relative
umidity (R.H.): chamber A: 25 ◦C and 60% R.H., chamber
: 30 ◦C and 60% R.H. and chamber C: 40 ◦C and 75% R.H.
amples were analyzed at 0, 3 and 6 months.

.4. HPLC analysis

The HPLC method was similar to one previously described
3], with slight modifications. LaChrom Elite HPLC system
rom VWR consisted of a quaternary pump, an automatic
njector, a variable wavelength detector and a column oven.
he column was ODS Hypersil (Hewlett Packard, Las Rozas,
adrid, Spain) 200 mm × 4.6 mm and 5 �m. It provided base-

ine separation with isocratic conditions at pH 4.2 in less than
2 min for the impurity and alprazolam. The mobile phase con-
isted of buffer A/Acetonitrile 45:55 (v/v), buffer A being:
5 mM KH2PO4 brought to pH 4.2 with H3PO4. The flow-rate
as 0.75 mL/min and the injection volume was 20 �L. The oven

emperature was set at 40 ◦C and UV detection was performed
t 234 nm.

.5. LC/MS analysis
Experiments were carried out on an Agilent 1100 LC/
squire 3000 (Bruker). MS spectrometer was equipped with
lectrospray ion source and ion trap mass analyzer. The

t
O

nd Biomedical Analysis 44 (2007) 404–413 405

hromatographic conditions were: a ODS Hypersil 200 mm ×
.6 mm, 5 �m column (Hewlett Hackard, Las Rozas, Madrid,
pain), kept at 40◦ C. The mobile phase was 25 mM ammonium
cetate at pH 4.2/acetonitrile, 45/55 (v/v). UV detection was
erformed at 234 nm, and the injection volume was 20 �L. The
S optimized parameters were: positive polarity; drying gas

ow and temperature 6 L min−1 and 300 ◦C, respectively, and
ebulizador pressure, 16 psi.

.6. SPE isolation

For the isolation by SPE, Waters® Oasis HLB (6 g) LP
xtraction Cartridges were used. The mobile phase was 10 mM
mmonium bicarbonate at pH 4.2 (A) and acetonitrile (B).
9.42 g of sample were dissolved in 195 mL of DMSO. The
ixture was centrifuged at 4000 rpm during 10 min in order

o eliminate the insoluble excipients and the supernatant was
oncentrated in a rotary evaporator (Rotavapor® R-114, Flawil,
witzerland). The concentrate was made up to 27 mL final vol-
me and distributed in 9 cartridges, in order to load 3 mL in
ach one. Cartridges were eluted in parallel in eighteen steps.
he collected fractions were concentrated in a rotary evaporator

o dryness.

.7. HPLC isolation

For the fine isolation of the degradation product an Agilent
echnologies 1100 Series HPLC provided with an automatic

njector, a diode array detection system and a column oven was
sed. The chromatographic method consisted of: a ZORBAX®

DS Semi-preparative column (Hewlett Packard, Las Rozas,
adrid, Spain) 250 mm × 9.4 mm; 5 �m, kept at 40◦ C. The
obile phase was 25 mM ammonium acetate at pH 4.2/acetoni-

rile, 45/55 (v/v). The flow rate was 3.5 mL/min and the injection
olume was 100 �L. UV detection was performed at 234.

.8. MS and MS/MS analysis

MS/MS experiments were carried out on the isolated and the
ynthesized compound with the aforementioned mass spectrom-
ter in the same conditions performed for the LC/MS analysis by
irect injection with a Cole Palmer 74900 series syringe pump
Vernon Hills, IL, USA) at a flow-rate 240 �L/h.

.9. IR analysis

IR experiments were performed with a FT-IR spectrome-
er (Perkin-Elmer Spectrum 2000, Wellesley, MA, USA) on
he isolated and the synthesized compound. Data acquisition
rom 4000 cm−1 to 370 cm−1. A 1% (w/w) pressed discs were
repared, employing KBr as transparent material.

.10. NMR analysis
NMR experiments were acquired on a NMR spectrome-
er (SPECTROSPIN and BRUKER 300 MHz/52 mm, Milton,
ntario, Canada) in CDCl3 at 298 K. 1H and 13C spectra were
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cquired using 64k and 32k data points, respectively. The pro-
on chemical shifts were referenced to the TMS signal at 0 ppm
25 ◦C) and the carbon chemical shifts to the CDCl3 signal at
7 ppm (25 ◦C).

.11. New HPLC method validation

After the optimization of several parameters, the method
as validated with a Discovery C8 column, 5 �m particle size,
50 mm × 4.6 mm from Supelco (Madrid, Spain). It provided
aseline separation with isocratic conditions at pH 7.0 and a
un time of under 3 min. The mobile phase consisted of Buffer
/acetonitrile 43:57 (v/v), buffer A being: 25 mM KH2PO4
rought up to pH 7.0 with KOH. Flow rate was 1.5 mL/min and
V detection was performed at 234 nm. The injection volume
as 20 �L and oven temperature was kept at 40 ◦C. Standards

nd samples were prepared to a final theoretical concentration
f 0.04 mg alprazolam/mL.

The selectivity was tested by running solutions containing the
xcipients of the speciality in the same quantities and conditions
s the samples to show that there was no peak at the retention
ime corresponding to the analytes.

Validation parameters were tested in two different ranges for
lprazolam and triazolaminoquinoleine. The linearity was tested
or alprazolam by preparing triplicate standard solutions at five
oncentration levels, from 75 to 120% of alprazolam concen-
ration (30–50 �g/mL) and from 0.05 to 5% (0.02–2 �g/mL)
or the impurity. For pharmaceutical studies in drug products
ne method for determining accuracy is the application of the
nalytical procedure to synthetic mixtures of the drug com-
onents to which known quantities of the drug substances to
e analyzed have been added. It was tested in triplicate at
hree levels (80, 100 and 110%) and in parallel with the lin-
arity assay. The percent recovery and the R.S.D. were then

alculated.

Intra-assay precision data were obtained by repeatedly
nalysing, in one laboratory on one day, 10 aliquots of a homo-
eneous sample. All of them were independently prepared

s
v
i
c

ig. 1. Chromatogram showing alprazolam tablet coming from the stability assay af
ypersil Column. Mobile phase: 25 mM phosphate buffer pH 4.2/ACN (45:55), at 0.
nd Biomedical Analysis 44 (2007) 404–413

ccording to the method procedure and with the correspond-
ng standards. Data for intermediate precision were obtained
y repeating the intra-assay experiment on a different day with
ewly prepared solutions.

The limit of quantification (LOQ) for triazolaminoquinoleine
as established by applying the EURACHEM method, where
OQ is calculated when R.S.D. value is equal to 10% [5]. How-
ver, this is just one approach, because the actual LOQ was
stablished by validating the method to the lower level (0.05%).
he detection limit (LOD) was calculated by means of the rela-

ion LOD = (3/10)LOQ and checked experimentally.

. Results and discussion

.1. HPLC

During the stability assay of alprazolam tablets, an uniden-
ified degradation product appeared after 6 months in climatic
hambers as described above. The compound showed a char-
cteristic UV spectrum with maximum at 234 nm as can be
bserved in Fig. 1. Moreover, it showed increasing concen-
rations at increasing storage time, temperature and humidity.
imultaneously, a decrease in the peak of alprazolam was mea-
urable in the tablets stored in climatic chambers at 40 ◦C and
5% R.H. The percentage in area reached 6% of the active
ompound after 6 months in some formulations and that made
haracterization necessary.

The low content (in total weight) of alprazolam in the tablet
nd, consequently, the small amount of degradation product
resent in the sample presented a challenge. For this reason an
dditional accelerated degradation study was carried out in order
o generate a greater content in the target compound. Alprazo-
am API and a synthetic mixture tablet corresponding to 0.25 mg
ose were subjected to two different treatments. In the first one,

amples were put in to an oven at 105 ◦C for 6 h in opened
ials. In the second one samples were exposed to humidity com-
ng from water placed in the bottom of a container in the same
onditions.

ter 6 months storage at 40 ◦C/75%HR and UV spectrum of the impurity. ODS
75 mL/min, 40 ◦C. UV detection at 234 nm.
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Table 1
Alprazolam content in the API and 0.25 mg tablets after stress tests referred to
control (alprazolam content before treatment)

API 0.25 mg tablet

Treatment 1 99.3 ± 0.2 100.4 ± 0.4
Treatment 2 99.0 ± 0.4 86.7 ± 1.6
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reatment 1: 105 ◦C during 6 h in opened vials. Treatment 2: 105 ◦C during
h in closed container having water in the bottom. Results are expressed as
ean ± standard error (n = 3).

The heat stress test results are summarized in Table 1. No
tatistical differences were observed for the API in the active

ubstance content, either with or without humidity. However, in
he formulation product prepared in the laboratory, alprazolam
as degraded in the presence of humidity. Moreover, a new
eak appeared showing the same retention time of the unknown

3

L

ig. 2. Chromatograms corresponding to the accelerated degradation study: Excipien
fter treatment: 105 ◦C for 6 h in a closed container with water in the bottom (discon
lprazolam and (2) degradation product.

ig. 3. Chromatograms corresponding to alprazolam tablet: (a) Mobile phase: 25 mM
5 mM ammonium acetate buffer pH 4.2/ACN (45:55) (continuous line). ODS Hyp
dentification: (1) alprazolam and (2) degradation product.
nd Biomedical Analysis 44 (2007) 404–413 407

egradation product, with a content of 1.00 ± 0.03% in area with
espect to the original alprazolam content. As can be observed in
he Fig. 2, the excipients, under the same degradation conditions,
id not interfere with the new peak determination.

In accordance with the results observed in samples from the
limatic chambers, temperature and humidity proved to play
n important role in the generation of this degradation product.
oreover, in a new assay it was shown that even the humidity

oming from the excipients was enough to promote the degra-
ation when the stress test was developed in closed vials kept in
heated oven without humidity.
.2. LC/MS

The first obvious tool to obtain chemical information was
C/MS, but the LC/UV method employed a non-volatile buffer

ts and the tablet corresponding to 0.25 mg dose before (continuous lines) and
tinuous lines). Chromatographic conditions: see Fig. 1. Peak identification: (1)

phosphate buffer pH 4.2/ACN (45:55) (discontinuous line); (b) Mobile phase:
ersil Column. Flow rate: 0.75 mL/min, 40 ◦C. UV detection at 234 nm. Peak
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hat could be substituted without changing the selectivity. There-
ore, the 25 mM phosphate solution at pH 4.2 was substituted
n the mobile phase for a 25 mM ammonium acetate buffer at
H 4.2 keeping the content of acetonitrile (55%). The result
btained (Fig. 3), revealed the equivalent selectivity offered by
oth mobile phases.

The next step was the optimization of the MS conditions that
llowed the ionization and detection of the compound, and have
een described in Section 2.4. As no fragmentation profile was
chieved in MS, the structural information was difficult to assess.
he molecular weight of the degradation product was 308 uma,
howing a m/z of 309 [M+H]+. Furthermore, this molecular
on presented a [M+H+2]+ isotopic peak with 33% intensity
howing the presence of one chloro in the structure.

In a previous study, Nudelman et al. [4] performed stress stud-
es of alprazolam API under accelerated thermal, hydrolytic, and
hotochemical conditions, finding light to be the most adverse
tability factor. The main photodegradation products, obtained

fter 408 days treatment, were isolated and characterized.
ne of them, 7-chloro-1-methyl-5-phenyl-[1,2,4]triazolo[4,3-

]quinolin-4-amine (triazolaminoquinoleine), showed the same
olecular weight as the one obtained for the degradation prod-

f
a

w

ig. 4. (a) Chromatogram showing the semi-preparative HPLC separation of the solu
f the isolated degradation product analyzed with the analytical HPLC method.
nd Biomedical Analysis 44 (2007) 404–413

ct in the tablets either in climatic chambers or in the heat and
umidity stress test.

.3. SPE isolation

The degradation product quantity necessary for structural
dentification techniques was estimated at around 10 mg. To
each this objective tablets with a higher dose (2 mg per tablet)
ere used. 200 tablets were subjected to the degradation condi-

ions previously described for 72 h.
The degradation product generated was around 20% of the

nitial alprazolam content, nevertheless this compound was still
minor component in the sample (∼0.15% in total weight).
herefore the isolation of the degradation product was achieved
mploying solid phase extraction (SPE) in order to obtain a rich
raction in the target degradation product.

The isolation methodology employed followed a similar
cheme to that previously applied in our laboratory for a dif-

erent analysis [6] and by others [7] and showed its usefulness
s a general strategy.

Oasis HLB cartridges for solid phase extraction (SPE)
ere used because they permit the development of simple

tion obtained from the dried extract coming from the SPE; (b) chromatogram
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ethodologies. First, the elution order of the compounds was
ather similar to those found in the HPLC method. Second,
he extraction solvents were absolutely compatible with the
hromatographic conditions allowing the direct injection of the
ollected fractions for their analysis by HPLC.

The mobile phase consisted of solution A (10 mM ammo-
ium bicarbonate) and acetonitrile. After loading the sample,
he cartridge was washed with 10 mL of Buffer A. The elution
rocess was divided into two steps. Firstly, 15 volumes of 20 mL
f eluotropic phase (Solution A/AcN 70:30 (v/v)) were used to
liminate entirely alprazolam content (Step I). Secondly, a total
olume of 60 mL of acetonitrile distributed in 10, 25 and 25 mL
orresponding to the 16th, 17th and 18th fractions (Step II) to
xtract the target compound. The fractions were analyzed by
PLC. More than 95% of the total impurity was found in 17th

raction and consequently the remaining fractions in Step II were
iscarded to avoid unnecessary contaminations. Subsequently,
he acetonitrile was removed in the rotary evaporator obtaining
dried extract.

.4. HPLC isolation

In order to obtain a pure compound a further purification step
o SPE was required and semi-preparative HPLC was the tech-
ique selected for that purpose. The optimized analytical method
as scaled to semi-preparative HPLC employing a ZORBAX®

DS Semipreparative 250 mm × 9.4 mm; 5 �m from Hewlett
ackard kept at 40◦ C under isocratic conditions with 45%
v/v) 25 mM ammonium acetate at pH 4.2 and 55% (v/v) of
cetonitrile at 3.5 mL/min. The separation profile is shown in
ig. 4.

The dried extract was re-dissolved in the minimum volume
2 mL) of DMSO and filtered through 0.45 �m nylon membrane.
he injection volume applied was 100 �L and the recollection

ime was established from 9 to 10.5 min.
Finally, it was possible to isolate 9 mg of the degradation

roduct free from interfering components. The chromatogram
f the isolated compound showed a purity higher than 95%.
urity was also confirmed with the UV-HPLC method.

.5. MS and MS/MS

To confirm the identity of the isolated product, MS and
S/MS experiments using an ion trap system were performed,

n order to achieve a characteristic fragmentation profile. The
urified compound was introduced by direct infusion and ana-
yzed by ESI in the positive mode with m/z scan from 50 to 450.
he spectrums are shown in Fig. 5.

The compound gave a molecular ion at m/z 309 [M+H] in
ccordance to the result obtained in LC/MS experiment prior to
solation.

When the parent ion m/z 309 was selected and fragmentized
n the MS/MS experiment, it produced a fragment ion at m/z 268

hat could be a possible elimination of acetonitrile (M-41) from
he degradation product. This eliminated fragment is typical of
uinolines and isoquinolines compounds. Furthermore, another
ragment at m/z 233 appeared that could probably have been

r
t
t
s

ig. 5. MS (top) and MS/MS (bottom) spectrums. For chromatographic and
ass spectrometry conditions see Section 2.

ssigned as the loss of chloro from the first daughter ion, because
f the difference of 35 mass units. The absence of a band at m/z
35 in a 1/3 relation supports this assignment.

.6. IR

The Infrared spectrum of the isolated compound (Fig. 6)
evealed two bands at 3460 and 3280 cm−1 as a result of distinct
ibrations modes of a N H bond, assigned to NH2 antisymmet-
ic stretch and NH2 symmetric stretch, respectively. At 3120 and
180 cm−1, two bands corresponding to Csp2-H were recorded.
he presence of a primary amine was also confirmed by means
f a NH2 deformation band at 1620 cm−1 and finally by the
resence of a very strong band between 860 and 760 cm−1.

.7. NMR

The relatively scarce information provided by MS for the
tructural elucidation made the use of NMR techniques neces-
ary. The degradation product was fully characterized through
he information obtained from 1H and 13C experiments.

The proton NMR spectrum of the degradation product,
ncluding an expansion of the aromatic region, is shown in Fig. 7.
n inspection of the aromatic zone of the 1H NMR spectrum
evealed the presence of eight protons, five of which were jus-
ified by the intact unsubstituted phenyl ring, whereas the other
hree signals belong to the phenyl ring of the benzodiazepine
tructure.



410 A.L. Huidobro et al. / Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 404–413

on spe

3
a
w
t
o
g
o

s
r
t
s
t
t

o
a
a
a

1

i
5
q

3

Fig. 6. Infrared transmissi

Two signals appeared in the aliphatic region; the first one at
.13 ppm was obviously assigned to one unique methyl group
nd the second which integrated for two protons at 4.74 ppm
as interpreted as one primary amine. This last signal and

he absence of two signals (4.0–5.5) corresponding to the pair
f protons attached to C4 of the alprazolam structure sug-
ested that the reversible 1,4-benzodiazepine ring opening had
ccurred.

The carbon spectrum and DEPT, as can be observed in Fig. 8,
howed methyl presence, 8 Ternary carbons of which five cor-
espond to the intact unsubstituted phenyl ring and the rest of

he signals belonging to the phenyl ring of the benzodiazepine
tructure. The signal that appears at 112.39 ppm showed its qua-
ernary carbon quality in DEPT experiment and this suggests
hat this atom might be attached to the primary amine group

N
o

Fig. 7. Proton NMR spectrum of the
ctrum in KBr film at 1%.

bserved in the proton NMR spectrum. Finally, the absence of
secondary carbon in the structure corresponding to C4 of the

lprazolam molecule confirms the ring-opening of the benzodi-
zepine system.

A detailed and complete assignation of the 1H NMR and
3C NMR signals is given in Table 2. The corresponding
dentity of this degradation product is 7-chloro-1-methyl-
-phenyl-[1,2,4]triazolo[4,3-a]quinolin-4-amine (triazolamino-
uinoleine).

.8. Synthesis and confirmation of the proposed structure
NMR results were quite similar to the spectrum reported by
udelman et al., however the authors made clear that more than
ne structure was possible with those results. Therefore, in order

isolated degradation product.
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Fig. 8. (a) Carbon MNR spectrum and (b) DE

o achieve an unequivocal identification, triazolaminoquinoleine
as synthesized in our laboratory following the method previ-
usly described [4].

The reaction yield was 94.3% and 180.2 mg of the reaction
roduct were purified by recrystallization in 75 mL benzene at
0 ◦C. Finally, 153.3 mg of a white powder were obtained with
purity higher than 95% as determined by HPLC.

The synthesized compound was characterized by the same
lucidation techniques employed for the isolated degradation
roduct. UV (nm): λmax 195, 234, 315. IR (cm−1): 3460, 3280,
620. 1H NMR (CDCl3): δ (ppm): 3.13 (s, 3H); 4.74 (s, 2H);

.20 (d, 1H, J = 2.7 Hz); 7.33 (dd, 1H, J = 9.1 Hz); 7.35 (d, 2H,
= 6.6 Hz); 7.49 (t, 1H, J = 7.4 Hz); 7.56 (t, 2H, J = 7.4 Hz); 8.07

d, 1H, J = 9.4 Hz).13C NMR (CDCl3): δ (ppm): 15.99 (1C);
12.84 (1C); 116.87 (1C); 124.51 (1C); 125.05 (1C); 126.21

d
t
m
k

pectrum of the isolated degradation product.

1C); 128.96 (1C); 129.16 (1C); 130.14 (2C); 130.84 (2C);
30.93 (1C); 131.93 (1C); 133.88 (1C); 145.44 (1C); 147.62
1C). MS (m/z): 309. MS/MS (m/z): 267.9, 232.9.

Moreover, previous results of our laboratory showed that
he impurity synthesized and the unknown degradation prod-
ct exhibited the same retention time in the HPLC method and
he same migration time in an orthogonal CE method developed
or that purpose [8].

All results obtained by independent identification techniques
emonstrate the correct assignation of the structure proposed
ere, as shown in Fig. 9, which agrees with a previous one

escribed in literature, but is formed in very different condi-
ions. In fact, in our study alprazolam API was stable to the

ost common degradation factors but its degradation, in tablets
ept in blisters isolated from light, was very rapid with heat and
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Table 2
NMR carbon and proton chemical shifts and DEPT results obtained for the degradation product

13C chemical
shift (ppm)

DEPT Integrated
atoms

Assignment 1H chemical
shift (ppm)

Multiplicity Integrated
atoms

J (Hz) Assignment

15.99 CH3 1 CH3 at C1 3.13 s 3 – CH3 at 1
112.39 C 1 C-NH2 at C4 4.74 s 2 – NH2 at 4
116.57 CH 1 C8 7.20 d 1 2.7 H at 6
124.19 C 1 C9a 7.33 dd 1 9.1 H at 8
124.74 CH 1 C6 7.35 d 2 6.6 H at 2′ and 6′
125.98 CH 1 C9 7.49 t 1 7.4 H at 4′
128.65 C 1 C5 7.56 t 2 7.4 H at 3′ and 5′
128.85 C 1 C5a 8.07 d 1 9.4 H at 9
129.85 CH 2 C2′ and C6′
130.57 CH 2 C3′ and C5′
130.65 CH 1 C4′
131.55 C 1 C7
1 ′
1
1

h
e
e
i

3
t

i
n
w
l
p
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v
2
5
B
1
5
y

F
t

d
q

p
3
i
t

w
c
m

in the quantification range as for triazolaminoquinoleine in the
impurities range, with correlation coefficients over 0.999. A
small bias was found in the regression line for both analytes,
because it did not include the zero value. It could be mostly
33.64 C 1 C1
45.42 C 1 C3a
47.35 C 1 C1

umidity, and it was completely dependent on the presence of
xcipients. Further studies will be necessary to determine the
xcipient or mixture responsible for the degradation in order to
mprove the stability of the formulation.

.9. New HPLC method for alprazolam and
riazolaminoquinoleine determination

To our knowledge, there is not a validated HPLC method
ncluding alprazolam and triazolaminoquinoleine determi-
ation described in the literature. Therefore, a method
as developed for that purpose. In order to achive a

ower retention for triazolaminoquinoleine different bonded
hases were tested, such as C18, C8, RP-Amide. A Zorbax
clipse XDB-C18 150 mm × 4.6 mm 5 �m; Zorbax (sol-
ent saver) SB-Aq 150 mm × 3 mm 5 �m; Hypersil C18
00 mm × 4.6 mm 5 �m; Discovery C8 150 mm × 4.6 mm
�m; Discovery C18 150 mm × 4.6 mm 5 �m; Zorbax Eclipse

onus RP 150 mm × 4.6 mm 5 �m; Ascentis RP-Amide
50 mm × 4.6 mm 5 �m and Ascentis C18 150 mm × 4.6 mm
�m columns were tested following such strategy. Shorter anal-
sis time was obtained with a C8 column in such a way that no

ig. 9. Elucidated structure for the degradation product. Atom numbering refers
o NMR assignments collected in Table 1.

F
c
l
a
t
v

ifferences in k′ for alprazolam were found while triazolamino-
uinoleine was retained less.

Using the conditions described above in Section 2.11, it was
ossible to separate the alprazolam and its impurity in less than
min. Fig. 10 shows the chromatogram obtained for the excip-

ents and the sample under these conditions. It must be pointed
hat the sample analyzed is the same as the one in the Fig. 1.

Validation was performed following ICH guidelines [9–12]
ith standards and a synthetic mixture of alprazolam tablet

orresponding to a 0.25 mg dose. Validation parameters are sum-
arized in Table 3.
Standards showed a good linearity as much for alprazolam
ig. 10. Chromatograms corresponding to: tablet of alprazolam 0.25 mg dose
ontaining triazolaminoquinoleine (continuous line); Placebo (discontinuous
ines). Conditions: Discovery C8 column, 5 �m particle size, 150 × 4.6 mm kept
t 40 ◦C. The mobile phase consisted of phosphate buffer 25 mM (pH 7.0)/ace-
onitrile 43:57 (v/v). Flow rate, 1.5 mL/min, UV detection 234 nm and injection
olume 20 �L.
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Table 3
Main validation parameters for alprazolam and triazolaminoquinoleine

Alprazolam
(quantification range)

Triazolaminoquinoleine
(impurities range)

Standards linearity
Range (�g mL−1) 30.5–50.8 0.02–2.10
Intercept ± C.L. 222570 ± 212937 587 ± 832
Slope ± C.L. 220302 ± 5165 374130 ± 864
r 0.9992 1.0000

Sample linearity
Range (�g mL−1) 32.5–48.8 0.02–2.10
Intercept ± C.L. −208738 ± 165793 186 ± 1113
Slope ± C.L. 231273 ± 2325 370451 ± 1156
r 0.995 1.0000

Accuracy (% recovery)
Standard 100.01 99.03
R.S.D. (%) 0.70 2.92
Sample 100.04 98.90
R.S.D. (%) 1.52 2.34

Standards precision instrumental
Intra-assay (n = 10)

Mean (�g/mL) 40.6 0.21
R.S.D. (%) 0.15 0.48

Intermediate (n = 20)
Mean (�g/mL) 40.6 0.20
R.S.D. (%) 0.63 0.79

Standards precision method
Intra-assay (n = 10)

Mean (�g/mL) 40.6 0.21
R.S.D. (%) 0.96 0.79

Intermediate (n = 20)
Mean (�g/mL) 40.6 0.20
R.S.D. (%) 1.04 2.01

Samples precision method
Intra-assay (n = 10)

Mean (�g/mL) 40.6 0.21
R.S.D. (%) 1.15 0.79

Intermediate (n = 20)
Mean (�g/mL) 40.7 0.20
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R.S.D. (%) 1.34 0.95

ustified by the good fit of the points to the regression lines, which
akes the limits of confidence for the intercept very narrow, and

t had no practical effect. Recoveries did not statistically differ
rom 100% (t-test, p < 0.05) in any case. R.S.D. values were low
nough to consider the method precise as much for standards

s for alprazolam tablet samples. Limits of detection and quan-
ification for Triazolaminoquinoleine were 0.02% and 0.005%,
espectively. The real limit of quantification of one method is the
ower concentration value where it has been validated and there-

[

[

[

nd Biomedical Analysis 44 (2007) 404–413 413

ore, it is 0.05%. Limits of detection were under the necessary
alues for the method.

. Conclusions

An efficient isolation method, a set of elucidation techniques,
s well as the synthesis of the compound have been successfully
pplied to the identification of a degradation product that appears
n alprazolam tablets. Accelerated degradation studies have
roven that this impurity, identified as triazolaminoquinoleine, is
enerated from the interaction between alprazolam and excip-
ents under high temperature and humidity conditions, but is
ndependent of the presence of light.

A rapid HPLC method with UV detection has been devel-
ped that allows the simultaneous determination of alprazolam
nd triazolaminoquinoleine in less than 3 min of total run. This
ethod has been properly validated and it has been shown that

t is reliable, being linear, accurate and precise.
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