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Currently, the pharmaceutical industry devotes great attention to drug degradation products
because these compounds can offer risks to patients. A previous degradation study of betahistine
(N-o-methyl-2-pyridylethylamine) conducted under different stress conditions detected three
main impurities named A, B and C. Degradation products were analyzed by high-resolution mass
spectrometry in electrospray source and time of flight analyzer (ESI-TOF) and nuclear magnetic
resonance (NMR). Impurity mutagenicity was evaluated by Derek Nexus and Sarah Nexus softwares.
Liquid chromatography hyphenate with tandem mass spectrometry (LC-MS/MS) analysis of the
betahistine forced degradation sample indicated the presence of a new impurity, which was named
impurity C1. 2D NMR experiments allowed the complete structural characterization of the new
entity. The active pharmaceutical ingredient and degradation impurities were classified as inactive
in the in silico mutagenic studies. Systematic investigation of a forced degradation sample led to the
characterization of a new betahistine impurity. The in silico mutagenicity study of the betahistine
degradation impurities may be useful in the risk assessment of the drug products.
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Introduction

Betahistine (1) (N-a-methyl-2-pyridylethylamine), a
histamine (2) analog (Figure 1), has long been reported as
an effective drug for the treatment of vascular problems
such as Méniere’s disease,' an inner ear disorder that is
clinically characterized by recurrent vertigo, tinnitus, and
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*Murilo B. M. de Mello and Antonio A. F. de Oliveira had contributed
equality for this work.

hearing loss episodes and which is linked to endolymphatic
drops.* Méniere’s disease is the second most common
cause of peripheral vestibular vertigo, which can affect
approximately 0.2% of the world population.>® Betahistine
also exerts a cerebral and peripheral vasodilation effect
because it increases the blood flow’® and improves the
microcirculation of the internal auditory, cochlear, and
vestibular systems.’!' The betahistine mechanism of
action involves interactions with HI and H3 receptors, '
which inhibit the vestibular nucleus firing activity. Many
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controlled clinical studies involving vertigo patients have
demonstrated its therapeutic effect.>!?
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Figure 1. Betahistine (1), histamine (2), and betahistine-related
impurities 3, 4, and 5.

Nowadays, the pharmaceutical industry devotes
great attention to drug degradation products because
these compounds can offer risks to patients.!* Factors
like oxygen, heat, and light, among others, can mediate
molecular changes in the drug structure.'*'° These factors
may induce specific reactions such as oxidation and
hydrolysis to produce impurities.?® The presence of even
small amounts of a new compound may influence the
pharmaceutical product efficacy and safety.*' In addition to
the methods from official compendiums, for instance British
Pharmacopeia (BP) and the United States Pharmacopeia
(USP), some internationally agreed recommendations, such
as those from International Conference on Harmonization
(ICH), focus on profiling drug impurities qualitatively
and quantitatively.”> The guidelines ICH Q3A (R2)* and
Q3B (R2)* consider impurities in new drug substances and
new drug products, respectively, whilst ICH Q3C (R6)*
deals with residual solvents. These guidelines highlight
the relevance to establishing safe thresholds for unwanted
chemicals in medicines in such a way that producers create
strategies to eliminate or at least to control the impurities
below that levels.

Currently, the United States and the British
Pharmacopeias® cite structures 3, 4, and 5, also called
impurities A, B, and C, respectively, as betahistine-related
impurities (Figure 1). A previous betahistine degradation
study conducted under different stress conditions detected
these impurities.”’

Liquid chromatography coupled to electrospray
ionization mass spectrometry (LC-ESI-MS) is a powerful
methodology to characterize impurities and degradation
products from the chemical®® and the pharmaceutical®
industries. Over the last decade, our group has made efforts
to characterize ionization®® and gas-phase decomposition
reactions by means of the electrospray source (ESI)* in
order to contribute to the structural elucidation of small
molecules.

Interestingly, our preliminary LC-MS/MS analysis
of forced betahistine sample (hydrochloride tablets)
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degradation indicated the presence of an unknown impurity.
This finding stimulated us to investigate the gas-phase
fragmentation reactions and the key diagnostic ions of the
drug degradation products and to carry out the complete
structural characterization of this new entity by nuclear
magnetic resonance (NMR) analysis. We also described
for the first time an unknown impurity of this drug, and
assessed its genotoxic potential through in silico methods.
These data may contribute to the still scarce information
publicly available regarding degradation products in
pharmaceuticals.

Experimental
Samples

Betahistine dihydrochloride was obtained from LEBSA
(Espinos Y Bofill S. A. laboratories). Impurities 3 and 4
were acquired from Sigma-Aldrich. Impurity C1 (6) was
obtained by preparative chromatography purification.
Mobile phases constituted of (A) aqueous formic acid
(0.1%) solution and (B) methanol (0.1% formic acid).
Pumps programming: 5 to 13.3% of A in 10 min. Peaks with
retention time (ty) of 7.8 min was collected. Compound 5
was synthesized by following a known procedure:?!
compound 1 (0.05 g, 3.7 mmol), toluene (2.5 mL), and
4-vinylpiridine (3) were placed inside a 10-mL round-
bottom flask. Ammonium chloride (10 mg, 0.19 mmol)
was added, and the mixture was stirred in an oil bath at
85-86 °C for 60 h. The mixture was then purified by flash
chromatography; methylene chloride/methanol (6:1) was
used as eluent. Yield: 65% of colorless oil.

Mass spectrometry analysis

Stock solutions of the betahistine impurities C (5) and
C1 (6) were prepared for MS analysis from a 0.05 mg mL"!
solution of each compound in methanol/water (5:5 v/v).
The impurities were analyzed by direct infusion into
three different mass spectrometry: (i) AmaZon SL
(Bruker Daltonics) equipped with an ESI source and an
ion trap analyzer; (i7) micrOTOF Q II (Bruker Daltonics)
equipped with an ESI source and a time of flight (TOF)
analyzer; and (iii) Applied Biosystem/Sciex API 3200
(AB Sciex) equipped with an ESI source and a triple
quadrupole analyzer. The analyses were accomplished
in the positive ion mode; nitrogen at a pressure of 50 psi
and flow of 7L min™' (dry gas) was employed as nebulizer
gas. The capillary voltage and the temperature were set
at 3500 V and 220 °C, respectively, and helium was used
as collision gas.
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NMR characterization

The NMR spectra were recorded on a Bruker
spectrometer AVANCE 400 operating at 400 and
100 MHz for hydrogen nuclei and "*C nuclei, respectively.
Assignments were based on distortionless enhancement by
polarization transfer (DEPT)-135, correlation spectroscopy
(COSY), and heteronuclear multiple bond (HMBC) and
heteronuclear single quantum (HSQC) correlation maps.

N-Methyl-2-(pyridin-2-yl)-N-(2-(pyridin-2-yl)ethyl)
ethanamine (5)

'H NMR (400 MHz, CDCl,) 6 8.50 (dd, J 4.6 and
1.8 Hz, 2H), 7.57 (td, J 7.8 and 1.8 Hz, 2H), 7.16 (dd,
J 7.8 and 1.0 Hz, 2H), 7.11 (ddd, J 7.8, 4.6, 1.0 Hz,
2H), 3.03-2.99 (m, 4H), 2.95-2.92 (m, 4H), 2.44 (s, 3H);
BC NMR (100 MHz, CDCl,) 6 160.1, 149.1, 136.4, 123.3,
121.2,57.1,41.8, 35.5.

2-(2-(Methylamino)ethyl)-1-(2-(pyridin-2-yl)ethyl)pyridin-
1-ium chloride (6)

'H NMR (400 MHz, D,0) 6 8.80 (d, J 5.5 Hz, 1H),
8.74 (d, J 5.7 Hz, 1H), 8.58 (m, 1H), 8.53 (m, 1H), 8.08
(d, J 8.1 Hz, 1H), 7.97-8.00 (m, 3H), 5.13 (t, J/ 7.9 Hz,
2H), 3.80 (t, J 7.9 Hz, 1H), 3.68-3.73 (m, 2H), 3.60-3.64
(m, 2H), 2.85 (s, 3H); *C NMR (100 MHz, D,0) 6 152.8,
150.3, 147.2, 147.0, 146.3, 142.7, 129.5, 127.7, 127.5,
126.3, 55.8, 46.1, 33.6, 33.3, 28.6.

LC analysis

The liquid chromatography analyses were performed
on (7) Shimadzu Nexera X2 liquid chromatograph equipped
with LC-30AD pumps, auto-sampler, SIL-20AT PDA
detector operated at 260 nm, CTO-20A oven at 40 °C, and
Shim-pack (Shimadzu) XR-ODS III column measuring
1.6 x 75 x 2.0 mm. Mobile phase (A) water/HFBA
(heptafluorobutyric acid) (10 mM), (B) acetonitrile/HFBA
(10 mM); mobile phase flow: 0.5 mL min™' and (ii) Waters
Acquity UPLC CSH C18 column (50 2.1 mm, 1.7 um particle
diameter) was used for analytes separation. The molecules
were eluted with a gradient of heptafluorobutyric acid 10 mM
(solution A) and acetonitrile (solution B) at a temperature
of 40 °C and flow rate of 0.5 mL min~'. The gradient
setting is shown in Table 1. The injection volume was 1 pL.

Forced degradation experiments
Acid and alkali hydrolysis

The hydrolysis experiments were performed by
submitting the samples of raw material and tablets to
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hydrochloride acid 6 M at 60 °C for 10 days or sodium
hydroxide 2 M. The samples were diluted 1:1 with the
diluent solution and filtered through 0.22 um polyvinylidene
difluoride (PVDF) filters. Blank acid and alkali controls
were also injected.

Oxidative and metallic ions degradations

Hydrogen peroxide 30% was used to force oxidative
degradation during 10 days under room temperature, while
copper chloride 50 mM for one day at room temperature
was the condition chosen for metallic ions stress. Again,
the working solutions consisted of the primary solutions
diluted once in a standard diluent, and blank solutions
were prepared using hydrogen peroxide or copper chloride
solely.

Photolytic degradation

The photo exposition was performed in a photo
stability chamber. Photolytic conditions were 2.4 klux h™!
and 400 Wh m=. Once the photo exposition cycle was
completed, samples were diluted and filtered through
0.22 um PVDF filters to a vial before injection. Control
experiments of photodegradation were carried out by
covering the samples with aluminium foil.

Heat degradation

The same procedure employed for photolytic
degradation was carried out for heat degradation, using a
hot air oven during 10 days at 60 °C. Aliquots of 10 mg
of betahistine or 150 mg of placebo were taken and
dissolved in 10 mL of diluent to get the final solutions
to be analyzed.

Effect of humidity

A desiccator containing sodium chloride 0.4 g L' to
produce an ambient with 75% of humidity was used for
this assay. Humidity was controlled by a thermohydrometer
to be maintained stable. Aliquots of 10 mg of betahistine
or 150 mg of placebo were left inside the desiccator
during 10 days. Then, 10 mL of diluent was added to each
sample and mixed until complete dissolution. The samples
were filtered to a vial before ultra-performance liquid
chromatography (UPLC) analysis.

Accelerated and long-term stability study

Stability studies were conducted by exposing the final
product in its primary package to 40 °C, 75% relative
humidity during 6 months for accelerated condition and to
30 °C, 75% humidity zone IVB during 24 months.
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In silico mutagenicity prediction

The ICH M7 guideline® recommends the use of two
different quantitative structure-activity relationship (QSAR)
methodologies to predict mutagenicity of drug impurities.
One should be expert rule-based, and the other one should
be statistical-based. Here, we used Derek Nexus®* and
Sarah Nexus,* which meet that ICH recommendation. The
predictions were carried out by using a specific tool for
ICH M7 mutagenicity assessment, following the standard
setup as described in the Supplementary Information.

Results and Discussion
Forced degradation studies

Seven different stress conditions were used to
force degradation of betahistine raw material (active
pharmaceutical ingredient (API)), tablets and placebo.
The percentage of degradation was calculated based on the
comparison of the degraded sample with a non-degraded
sample as reference (Table 1). Overall, the raw material
and the final product showed the same profile of chemical
stability, as both were majorly susceptible to alkaline and
oxidative degradation. Under the alkaline condition, the
tablets were still more labile than raw material, which may
be a consequence of the marked placebo instability to the
higher pH medium (Figure 2c, red trace).

Table 1. Levels of betahistine in the raw material and the tablets after
exposure to each stress condition

Stress condition Sample Betahistine
! %
Alkaline 2 M NaOH, 10 days, raw material 93.51
60 °C
Alkaline 2MNaOH, 10days, i 84.37
25°C
raw material 98.50
Acidic 6M HC],Ol 0 days,
60 °C tablets 96.34
1 avs raw material 99.01
Oxidative H,0, 10%, 10 days,

25°C tablets 84.84

50 mM CuCl,, 24 h, raw material 100.57

Metallic ions o
25°C tablets 97.83

2.4 kKlux h™' and raw material 99.69

Photo chemical

400 Wh m™ tablets 98.08
raw material 96.96
Thermal 10 days, 60 °C
tablets 91.85
raw material 99.89

Humidity 10 days, 75% humidity

tablets 101.05
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Forced degradation of betahistine as API and tablets
has been previously studied. Similarly to what we reported
here, the authors found that betahistine is very sensitive to
oxidation. A decrease of about 15% of betahistine occurred
after exposure to hydrogen peroxide 20% for 30 min,” while
we observed a similar decrease using a less concentrated
solution of hydrogen peroxide and a longer exposure.

Notwithstanding, they observed a susceptibility to UV
light which was not seen in our study, while no degradation
under alkaline condition was reported by them. The
different outcomes after exposure to photochemical may
be related to differences in the exposure setups. Although
the authors had not specified the exact intensity of light to
which the samples were exposed, they have mentioned a
distance of 5 cm from the UV source, which can result in
a more intense exposure compared to our photo stability
chamber where this distance is around 30 cm. Regarding
the alkaline hydrolysis, we observed a decay of 15% of
betahistine in the tablets after exposure to 2 M NaOH for
10 days at room temperature, which is a very different
condition than that performed by Khedr and Sheha:¥
1 M NaOH, 100 °C, 5 min. Additionally, such different
profile can be also attributed to the marked instability of
the placebo, as we discussed above.

Considering the maximum daily dose of betahistine
being 48 mg, the thresholds of reporting, identification,
and qualification of impurities are 0.1, 0.2, and 0.42%,
respectively. At the end of the long-term stability study (30 °C,
75% relative humidity) in betahistine tablets, the impurity C
and an unknown impurity with relative retention time (RTT)
of 1.74 min (from now on called impurity C1) were found
in levels higher than those stated in the ICH Q3B* for
identification and qualification, 3.26 and 0.77%, respectively.
Nonetheless, no significant decay of betahistine was detected.
Although the raw material and the final product have shown
higher susceptibility to alkaline and oxidative stress, the
major impurities observed in the long-term stability study
were not formed under these conditions. Based on the stress
experiments, we can infer that both impurities result from
degradation of betahistine under heating conditions, once
an expressive increase of impurity C1 and impurity C (5)
was noticed only after exposure at 60 °C during 10 days,
but not in other cases. The samples collected at the end of
the long-term stability study, containing the impurities in
increased levels, were used for identification assessment. A
summary of all impurities found in the degradation studies
is shown in the Supplementary Information.

Characterization of impurity C1

Interestingly, the high-resolution mass spectrometry
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Figure 2. Chromatograms obtained for stress of drug product: (a) long-term stability study (black); (b) thermic (blue) and (c) alkaline stress (red).

(ESI-TOF) analysis of betahistine impurities C and C1
afforded isomeric ions (m/z 242). Therefore, we conducted
systematic MS/MS and MS" analyses to propose the
structure of the new molecule (Figure 3).

The known impurity C (§) MS/MS analysis revealed
two major fragment ions: m/z 149 and 106. The ion trap
spectra confirmed the formation of m/z 106 from the ion
m/z 149. This information fully agreed with the proposed
structure. Initial protonation may have occurred at the three
most basic positions. Protonation at the tertiary amine
directly afforded the primary carbocation ion at m/z 106.
On the other hand, protonation at the pyridinyl nitrogen
opened the possibility for neutral elimination assisted by
the tertiary amine electrons, to yield an ammonium ion at
m/z 149. Sequential neutral amine elimination produced
an initial primary carbocation (with low stability), but fast
rearrangement gave the ion at m/z 106, stabilized by three
resonance forms.

Notably, detailed mass spectrometry analysis of
impurity C1 showed two new fragment ions, but no ion at
m/z 149. Again, m/z 106 may have originated directly from
the precursor ion. Figure 4 contains a possible molecular
ion related to the betahistine impurity C1, which has not

been reported yet. The ions at m/z 199 and 211 also support
the proposal. Initial classic terminal amine elimination
afforded the ion at m/z 211, and a long-distance anchimeric
assistance induced elimination reaction between the
terminal amine and one more CH,.

In the degradation process, impurity C1 appeared to
result from betahistine pyridine nitrogen attack onto the
2-vinylpyridine (3) generated in situ. Nonetheless, some
attempts to synthesize C1 by reacting betahistine (1) with
2-vinylpyridine (3) failed under several classic conditions*
and always gave compound 5 as the major product. Moreover,
different reactional times, additives (such as Lewis acids),
and even nitrogen-protecting strategies (i.e., aliphatic
betahistine nitrogen protection with fert-butyloxycarbonyl
(BOC)* and 9-fluorenylmethyloxycarbonyl (FMOC)3®
groups) did not afford the desired product. Although
in the forced betahistine degradation study we have
obtained a great quantity of impurity C (5), the solid phase
environment of the tablet seemed to play an important
role in the formation and mainly in the stabilization of the
pyridinium salt.

To complete the structural characterization of the
impurity C1 (compound 6), we also resorted to NMR
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Figure 3. Directed injection ESI-ion trap mass spectra of 5 in: (a) TIC, (b) MS/MS of m/z 242, and (c) MS?® of m/z 136; and of 6 in: (d) TIC, (¢) MS/MS

of m/z 242, (f) MS? of m/z 198, and (g) MS?® of m/z 136 Da.

spectroscopy data. As a matter of comparison, we also
registered the impurity C (5) NMR spectral data (Table 2).
The 'H NMR spectrum of 5 displayed signals of seven
spin systems: four emerged in the aromatic field (from
9.00 to 7.00 ppm), whereas three arose in the aliphatic

field (from 4.00 to 2.50 ppm). On the other hand, the
impurity C1 (6) exhibited ten spin systems, so it was
less symmetric than S: five in the aromatic field (same
window) and four in the aliphatic field. The most significant
difference between the NMR spectra of 5 and 6 was the
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Figure 4. Proposed mechanism for the formation of the major ions of impurities C (5) and C1.

triplet in 5.13 ppm (J 7.9 Hz) in the NMR spectrum of 6
(Table 2, entry 9), which was attributed to the methylene-
pyridinium salt (Figure 5). A comparative analysis of the
BC NMR spectra of compounds 5 and 6 showed that the
symmetric compound 5 had half the number of carbons as
compared to 6.

Table 2. Assignment of the 'H and '*C NMR signals of impurities 5 and 6

3

| 5 7 8
3 13 O
1 N -~

2 R 4 12 2N 14 5 H
| 5 7 9 1 | 10 9
1 “ Xy~ 15 S
N 6 N 10 N 11 Cl
| 12
Z\N
8 5 | 6
13y 15
14
Oy; multiplicity; J / Hz Oc
Atom
5 6 5 6
1 8.50; dd; /4.6, 1.8 8.80;d;J5.5 149.1 146.3
2 7.11;ddd; J7.8,4.6,1.0 8.00-7.97; m 121.2 127.5
3 7.57,td;J 7.8, 1,8 8.58; m 136.4 147.2
4 7.16;dd; J 7.8, 1.0 8.08;d; /8.1 123.3 129.5
5 - - 160.1 152.8
6 2.95-2.92; m 3.72-3.68; m 35.5 28.6
7 3.03-2.99; m 3.64-3.60; m 57.1 46.1
8 2.44;s 2.85;s 419 33.3
9 3.03-2.99; m 5.13;t,J7.9 57.1 55.8
10 2.95-2.92; m 3.80;t;J7.9 35.5 33.6
11 - - 160.1 150.3
12 7.16;dd; J 7.8, 1.0 8.00-7.97; m 123.3 127.7
13 7.57,td; J 7.8, 1.8 8.53; m 136.4 147.0

14 7.11;ddd; J 7.8, 4.6, 1.0 8.00-7.97; m 121.2 126.3
15 8.50; dd; /4.6, 1.8 8.74;d;J5.7 149.1 142.7

Figure 5. Major HMBC and HSQC correlations for compound 6.

Analyses of the HSQC correlation maps of 6
corroborated the proposed structure. H-15 emerged as a
doublet (8.74 ppm, d, J 5.7 Hz) that correlated with carbon
at 142.7 ppm, in a pyridyl moiety ring A. H-1 arose as a
doublet (8.80 ppm, J 5.5 Hz) that correlated with carbon at
146.3 ppm and was attributed to pyridinium salt (ring B).
H-4 appeared as a doublet (8.08 ppm, J 8.1 Hz) that
correlated with a carbon at 129.5 ppm (ring B).

The methylene group named H-10 (3.80 ppm, t,
J 7.9 Hz) correlated with a carbon in 33.6 ppm, which also
correlated with H-9 (5.13 ppm, t, J/ 7.9 Hz). The lower field
signal in 5.13 ppm correlated with a carbon in 55.8 ppm and
was ascribed to the N-bonded alkyl substituent of pyridyl
ring B, which was decisive for the structural elucidation
of 6.

As for the HMBC correlation map, hydrogen in
5.13 ppm correlated with a carbon at 146.3 ppm in ring B.
Moreover, the alkyl group attached to the quaternary carbon
at 152.8 ppm (ring B) displayed methylene hydrogens H-12
and H-13 at 3.68-3.72 and 3.60-3.64 ppm, which emerged
as multiplets. Figure 5 depicts the major HMBC and HSQC
correlations for compound 6.

In silico mutagenic studies

Once the chemical structure of the impurity C1 (6)
was identified by mass spectrometry, we started the
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toxicological assessment by the in silico predictions of
mutagenicity. Both API and impurities were classified as
inactive in Derek Nexus,* the expert rule-based system,
without misclassified or unclassified features. A similar
result was obtained in Sarah Nexus,* the statistical-based
system, where the API, impurity C (5) and impurity C1 (6)
were classified as negative for mutagenicity with 62, 39, and
50% of confidence, respectively. The confidence level in
Sarah Nexus is not a measure of the probability of the query
compound being mutagenic, but it is related to the accuracy
of the prediction, which is calculated based on the certainty
and reliability of the model and the data.’” Low confidences
can occur when hypotheses leading to the prediction
have low confidences individually, meaning that a certain
chemical feature leading the hypothesis is not strongly
associated with neither positive nor negative results. This
can also be due to the most similar compounds brought
up by the hypothesis giving inconsistent results (mixed
positive and negative results), the low similarity between
the query compound and the compounds in the training set,
or both.* Because the confidence level is not a measure of
probability, a result of 50% of confidence does not mean
an equivocal prediction. Actually, a negative result with
50% confidence has correlated to a negative predictivity
value (NPV) of 90%.*° This was established based on an
internal validation study carried out using a dataset of
7677 compounds. So, although the levels of confidence
obtained for the betahistine and the impurities tested here
might seem low, they represent accurate predictions of no
mutagenicity for those compounds.

In silico tools can be especially useful for those cases
where is not possible to test the target compound due to the
limitation of obtaining the amount required for experimental
assays, for instance when the compound has a short half-
life. Particularly in the field of degradation products this
is a frequent obstacle. Assuming we had to perform an
Ames test (in the range of 500-5000 ug per plate) with the
sample of betahistine tablets containing the impurities,
for example, and taking into account the proportion of
betahistine to excipients in the tablets (6.4%) and the
percentages of impurity C1 (6) and impurity C (5) in the
final product (0.77 and 3.26%, respectively), the impurities
would be tested in the ranges of 0.00246-2.46 ug per plate
for impurity C1 (6), and 0.01043-10.43 pg per plate for
impurity C (5). According to a data survey of chemicals
knowingly mutagenic in bacteria, a concentration of at least
250 pg per plate is suitable to detect a mutagenic effect
in a typical bacterial reverse mutation assay.*” Generally,
levels below these cannot be appropriate to evaluate the
mutagenicity of chemicals properly, which is the case in
the present study.

J. Braz. Chem. Soc.

Finally, there are several studies in the literature
regarding impurities profiling from the analytical point of
view, but few of them addresses the related toxicological
issues.** Approaches similar to that we have applied
here have been used to the qualification of impurities from
different drug products.**’ Particularly for betahistine,
although there is the report of stress degradation studies and
development of stability-indicating assay method,?” no data
regarding qualification of degradation products is available
so far. On the other hand, given the clinical relevance of
betahistine and the duration of treatment,*®* the estimate of
mutagenicity of its impurities may be relevant to understand
potential risks to the health posed by the treatment with
this drug product.

Conclusions

Systematic investigation of a forced degradation
betahistine sample led to the detection and structural
characterization of a new entity, which was named
betahistine impurity C1. Studies on the dissociation reactions
undergone by impurity C (5) and new impurity C1 (6)
confirmed the presence of two isomeric ions in the LC-MS
analysis. Structural elucidation of the major fragment ions
was successfully performed and can be used to confirm the
presence of the correct structures in any accelerated or forced
drug studies. By using two different and complementary
computational tools, we showed that there are no structural
alerts indicative of mutagenicity, allowing us to classify
both impurities as non-mutagenic. This may be useful in
the risk assessment of betahistine drug products containing
those impurities, as well as to support future investigations
of betahistine degradation products, as this is not mandatory
for marketed drugs in light of the current ICH guidelines.
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Supplementary information is available free of charge
at http://jbcs.sbq.org.br as PDF file.
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