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Cariprazine hydrochloride is a second-generation antipsychotic drug and has been approved by the US Food and
Drug Administration and the European Medicines Agency. Herein, we have reported a stability-indicating assay
method for the Cariprazine hydrochloride and characterization of its major degradation products using LC-
HRMS/MS. The drug substance Cariprazine hydrochloride was subjected to acid, base, oxidation, thermal and
photolytic stress degradation. A total of five novel degradation products (DP-1 to DP-5) of Cariprazine hydro-
chloride drug substance were formed under various acid, base and oxidative conditions. In silico toxicity of the
degradation products was evaluated using Leadscope prediction platform. We successfully separated Cariprazine
Hydrochloride peak from degradation products (DP-1 to DP-5) by using gradient elution on an Inertsil C18
column (150 x 4.6 mm, 5 pm). The drug substance was found to be labile to acidic, alkaline hydrolytic, and
oxidative conditions and stable to photolytic and thermal stress conditions. The degradation pathways were
delineated by explaining the putative mechanism of degradation in various conditions. The stability-indicating
assay method was validated according to the ICH guideline and hence can be used for routine quality control
and stability study analysis of Cariprazine hydrochloride in pharmaceutical industries and research laboratories.

1. Introduction

Cariprazine hydrochloride (CAR), 3-[4-[2-[4-(2,3-dichlorophenyl)
piperazin-1-ylJethyl] cyclohexyl]— 1,1-dimethylurea hydrochloride, is
one of the second generation antipsychotic drug. It is widely adminis-
tered for the treatment of schizophrenia, bipolar mania and bipolar
depression. It acts as a D2 and D3 partial agonist receptor, however it is
more selective toward the D3 receptor [1-6]. It was developed by
Actavis, and is approved by the United States Food and Drug Adminis-
tration (US FDA) on 17 September 2015. It is marketed as Vraylar in the
United States and Reagila in Europe as tablets for oral administration.

Forced degradation of a drug molecule using chemical and envi-
ronmental conditions is a widely used process to evaluate the stability of
a drug molecule under the domain of ICH Q1A,B [7,8]. It assists in
identifying potential degradation products and reveals information
about possible degradation pathways. The presence of such degradation
products in the drug substance may significantly reduce the therapeutic
efficacy of a drug. Also, these impurities can contribute to overall
toxicity which may ultimately lead to safety as well as regulatory
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concern about the drug product. Hence, the characterization of degra-
dation products is imperative to understand the susceptibility of the
drug substance to degradation [9,10]. Potential toxicity due to degra-
dants in the drug products can be estimated by in silico software such as
Leadscope, Multicase, Nexus etc.

Advanced spectroscopic and hyphenated technologies enable fast
and unambiguous structural characterization of degradation products.
High-performance  liquid  chromatography  (HPLC), Liquid
chromatography-high resolution tandem mass spectrometry (LC-HRMS/
MS) and Nuclear magnetic resonance (NMR) are the most widely used
technique for characterization of the DPs. LC-HRMS/MS is one of the
most efficient tools currently used for quantification as well as structural
characterization of analytes at trace levels in a variety of biological
matrices [11-13]. Further, the application of orbitrap, Time of flight
(TOF) mass analyzers have paved a significant stride in qualitative
analysis of DPs in revealing their structures. Understanding of changes
in the structure of the drug molecules during the forced degradation is
highly useful in the elucidation of the degradation mechanism [14-22].
The degradation profile also finds suitable storage conditions for the
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corresponding drug molecule.

A comprehensive literature survey revealed few LC-HRMS/MS
method has been reported for the quantification and characterization
of Cariprazine hydrochloride and its active metabolites [23,24]. An
HPLC method was developed and validated by Pooja et. al. for the
determination of Cariprazine hydrochloride in bulk drugs [25]. How-
ever, to the best of our knowledge, no reported literature is available for
the characterization of degradation products of Cariprazine hydrochlo-
ride and the in silico studies. The forced degradation of Cariprazine is
quite vital for the optimization and monitoring of the manufacturing
process of Cariprazine hydrochloride, quality control and to propose
suitable storage conditions. In this present study, we have identified and
characterized five DPs in Cariprazine hydrochloride and further assessed
their toxicity through in silico evaluation. The optimized assay method
was validated and can be used for routine testing in quality control
laboratories.

2. Experimental
2.1. Materials and reagents

Cariprazine hydrochloride API (99.4%) was received from local a
pharmaceutical company in mumbai india. Ammonium formate AR
grade (Sigma-Aldrich,St. Louis, MO,USA), Formic acid (98%) AR grade
(Sigma-Aldrich,St. Louis, MO,USA), Acetonitrile HPLC grade (Merck
Life Sciences,Worli, Mumbai, India) and Methanol HPLC grade (Merck
Life Sciences, Worli, Mumbai, India). The lab grade reagents, 3-chloro-
peroxybenzoic acid (MCPBA), Azobisisobutyronitrile (AIBN), potas-
sium peroxymonosulfate (Oxone) and hydrochloric acid (HCl) from
Spectrochem Pvt Ltd. (Bangalore, India), 30% hydrogen peroxide
(H202) and sodium hydroxide (NaOH) from Sigma-Aldrich (Bangalore,
India),Milli-Q water (Millipore, Bedford, MA, USA) was used throughout
the experiment.

2.2. Forced degradation study

All stress sample solutions of Cariprazine hydrochloride were pre-
pared at 400 pg/mL in a mixture of acetonitrile-water (50:50, v/v). The
test samples were sonicated well and filtered through 0.22 ym mem-
brane filters before the analysis. The summary of the degradation
behavior of Cariprazine hydrochloride under different stress degrada-
tion conditions are shown in Table 1.

2.3. HPLC method

Cariprazine assay analysis was performed on a Waters Alliance
€2695 HPLC system with photodiode array detector 2998 liquid chro-
matography using a C18 column (Inertsil ODS 3 V 5 ym, 150 mm x 4.6
mm). The chromatographic system was operated using gradient elution

Table 1
Summary of degradation behavior of CAR.
Degradation Degradation Conditions DP’s formed
study
Acid hydrolysis 5N HCl at 80 °C for 72 h DP-1
Base hydrolysis 5N NaOH at 80 °C for 72 h DP-1
Oxidative e 30%hydrogen peroxide at room DP-2 & DP-3
degradation temperature for 48 h DP-3
e 1.0% MCPBA at room temparature for DP-3
1h DP-1, DP-2, DP-3,
e 1% AIBN at 60 °C for 4 h DP-4 & DP-5
e 5%solution of potassium
peroxymonosulfate for 2 h
Photolytic UV-light and visible light of not less than =~ No degradation
Degradation 200 Wh/m2 and 1.2 million lux hr
Thermal 90 °C for 5 days No degradation
Degradation
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at ambient temperature and UV detection at 220 nm. Mobile phase A
consisted of 0.1% formic acid solution and mobile phase B consisted of
0.1% formic acid solution and acetonitrile (20:80, v/v) with a timed
gradient mode: 0-3 min: 15% B; 3 — 15 min: 15-70% B; 15-20 min:
70-90% B; 20-20.1 min: 90 — 15% B; 20.1-25 min: 15% B, respectively
with the flow rate of 1.0 mL/min. The injection volume was 10 pL and
the sample concentration was 400 pg/mL, prepared in the diluent.

2.4. LC-MS method

LC-HRMS/MS studies were performed on Vanquish UHPLC(Thermo,
San Jose, USA) instrument coupled with Q Exactive Plus Orbitrap High-
resolution mass spectrometry(Thermo, San Jose, USA) and equipped
with electrospray ionization (ESI) source. The data acquisition was done
using Xcalibur software. The following instrument settings were applied
during analysis: sheath gas at 35 arb, auxiliary gas at 10 arb, spray
voltage at + 3.2 kV in positive mode, the capillary temperature at 320
°C, auxiliary gas heater temperature at 350 °C, s-lens RF level at 60%.

2.5. In silico prediction of Cariprazine hydrochloride and its DPs

Toxicity of DPs was predicted and compared with Cariprazine hy-
drochloride with Leadscope® model Applier 3.1.0-40 computational
platform. This software package works in bacterial mutagenicity models
based on the experimental data from the Ames test. The models cover
both expert-rule and statistical methodologies for complete ICH M7
compliance. The software deduced the toxic potentiality of DPs by
incorporating different aspects of the chemical entity and developed a
comparative statistical analogy with molecules having known toxicity
[26].

3. Results and discussion

To develop a stability-indicating assay method, chromatographic
conditions were optimized to achieve the separation of drug from DPs.
Initial systematic trials were taken to improve the peak shape and res-
olution between Cariprazine hydrochloride and DPs. To start a method
development, it is generally important to know the physicochemical
properties of the molecule like pKa, solubility, absorptivity and wave-
length maxima of the drug. pKa value of the drug is important as most of
the changes in retention occur at pH values within + 1.5 units of the pKa
value. As Cariprazine hydrochloride is a mid-polar, basic molecule
having a pKa value of 7.9 so, the initial trial was taken in 0.1% formic
acid as a mobile phase. Different types of C18 columns and gradients
were evaluated. The effect of mobile phase B composition shows good
separations between Cariprazine hydrochloride and DPs as shown
graphically in Fig.S1. Finally, after several optimization trials, a good
symmetrical peak and resolution were observed on Inertsil ODS 3 V(150
x4.6 mm, 5 um) column. The column was thermo-stated at 25 °C to
avoid any shift in retention time. The gradient elution program was
employed with a mobile phase-A containing 0.1% formic acid solution
and mobile phase-B containing 0.1% formic acid solution and acetoni-
trile (20:80, v/v). The gradient program was set as follows: 0-3 min:
15% B; 3 — 15 min: 15-70% B; 15-20 min: 70-90% B; 20-20.1 min: 90
— 15% B; 20.1-25 min: 15% B, with the flow rate of 1.0 mL/min. All the
chromatograms were processed and analyzed at the wavelength of 220
nm. The same method was transferred for the characterization of
degradation products by LC-ESI-HR-MS" studies, by optimizing all the
MS parameters as discussed in Section 2.3.

3.1. Degradation behaviour of Cariprazine hydrochloride

The degradations of Cariprazine hydrochloride were performed in
acidic, basic, oxidative, thermal and photolytic conditions. It was found
to degrade in acidic, basic and oxidative conditions, while stable in
photolytic as well as thermal conditions. A total of five DPs were
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observed from the drug, in which DP-1 was formed in acidic and basic
degradation. DP-1 to DP-5 were formed in oxidative conditions. The
overlay of HPLC chromatograms of all the degradation samples is given
in Fig. 1. The drug was found stable in initial hydrolytic degradation
condition at 2 N NaOH and 2 N HCI at 80 °C for 24 hrs. After increasing
the strength and time interval of acid and base, DP-1 was formed in 5 N
NaOH and 5 N HCI at 80 °C for 72 h. Oxidative degradations were
carried out using hydrogen peroxide, 3-chloroperoxybenzoic acid, azo-
bisisobutyronitrile and potassium peroxymonosulfate to study the
degradation behavior of the drug substance under the influence of
different oxidative reagents [27-29]. The results are graphically repre-
sented in Fig.S2. In 30% Hydrogen peroxide at room temperature for 48
h, we found major degradation DP-2 and minor DP-3, whereas treated
with 1% 3-chloroperoxybenzoic acid at room temperature for 1 h, we
found DP-2 as a major degradation and the same observation was found
in 1% azobisisobutyronitrile at 60 °C for 4 h and the overlay chro-
matogram as shown in Fig.S3. But while treating with a 5% solution of
potassium peroxymonosulfate for 2 h, it resulted in five major DP-1 to
DP-5 impurities. The mass balance results are shown in Table S1.

3.2. Mass fragmentation behaviour of Cariprazine hydrochloride and its
DPs

The MS/MS spectra of Cariprazine hydrochloride and its DPs were
recorded and the mass fragmentation pathways have been established as
shown in Scheme 1 to Scheme 6. The mass fragmentation behavior of
Cariprazine hydrochloride was delineated and the structures of the
fragment ions were characterized based on accurate mass measurement.
Additionally, the respective fragmentation behaviors of DPs were

= )|
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compared to that of Cariprazine hydrochloride, which enabled us to
identify the structural modification during degradation. The High-
resolution mass spectrometric data of Cariprazine hydrochloride and
its DPs were summarized in Table S2.

3.3. LC-HRMS\MS of Cariprazine hydrochloride

The elemental composition and fragmentation pathway of the drug
was established by using LC-HRMS/MS. The protonated Cariprazine
hydrochloride showed a peak at RT 15.6 min with m/z 427.2021
[M+H]" and a dichlorine isotopic pattern in the mass spectrum
(Fig. S4a). The fragmentation spectrum of drug showed product ion at
m/z 382.1441, m/z 339.1385, m/z 243.0452, m/z 231.0449, m/z
195.1490, m/z 188.0026, m/z 89.0709 and 72.0444. The first daughter
ion began with the loss of CoH7N (dimethylamine) from m/z 427.2021,
forming a fragment ion at m/z 382.1441 in the MS/MS spectrum, which
on the subsequent loss of CHNO (isocyanic acid) led to fragment at m/z
339.1385. The fragment ion at m/z 243.0452 was formed due to the loss
of C;Hi5 from m/z 339.1385. The fragment ion at m/z 231.0449 could
be formed in three ways i.e. loss of CgH;4CloN from m/z 427.2021, loss
of CgH13NO from m/z 382.1441 or loss of CgH1 o from m/z 339.1385. The
fragment ion at 188.0026 was formed after the elimination of C3HsN
from m/z 243.0452. As there was no chlorine isotopic pattern in the
fragment of m/z 195.1490, it could be due to the loss of CgH;CloN from
m/z 382.1441. The fragment ion at m/z 89.0709 was formed as a result
of the loss of C;gH24CloNo from m/z 427.2021. The fragment ion at m/z
72.0444 was formed due to the loss of NH3 from m/z 89.0709. The
fragmentation pathway of Cariprazine hydrochloride is illustrated in
Scheme 1.
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Fig. 1. Overlay Chromatogram of forced degradation samples a) 2 N HCI at 80 °C for 24 hrs, b) 2 N NaOH at 80 °C for 24 hrs, ¢) 5% solution of potassium per-
oxymonosulfate for 2 h, d) 1.2 million lux hrs and 200 Wh/mz, e) 90 °C for 5 days.
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Scheme 1. Proposed mass fragmentation behavior of CAR.

3.4. DP-1

DP-1 was obtained due to the hydrolysis of Cariprazine hydrochlo-
ride in acid, base and oxidative condition with the protonated peak at RT
7.73 min with an m/z 356.1651. The fragmentation spectrum of DP-1
showed product ion at m/z 339.1385, m/z 243.0448, m/z 231.0448
and m/z 188.0028 which were common fragments ion in Cariprazine
hydrochloride (Fig. S4b). Based on the above data DP-1 was identified as
4-(2-(4-(2,3-dichlorophenyl)piperazin-1-yl)ethyl) ~ cyclohexanamine,
with a chemical formula of C;gH2gCoN3 and mass error of — 1.12 ppm.
The fragmentation pathway of DP-1 is illustrated in Scheme 2.

3.5. DP-2

DP-2 was formed in oxidative stress degradation with the peak at RT
10.34 min and protonated m/z 459.1920. There is a difference of
31.9899 Da between the drug and the DP-2 structure, indicating the
existence of two oxygen atoms in the DP-2 structure. It was also frag-
mented to generate product ions at m/z 442.1891, m/z 423.1707, m/z

378.1129, m/z 335.1071, m/z 241.0291, m/z 226.0056, m/z 201.0105,
m/z 188.0026, m/z 89.0709, and m/z 72.0444 (Fig.S4c). The daughter
ion m/z 442.1891 was genrated by the loss of OH from m/z 459.1920 in
the MS/MS spectrum. In the MS/MS spectrum of m/z 459.1920, it can be
seen that N-oxide loses the OH radical rather rapidly, giving rise to
[M+H-OH]"* ions. The loss of 2 HyO from m/z 459.1920 resulted in the
formation of the fragment ion m/z 423.1707, indicating that DP-2 is a Di
N-oxide breakdown product generated by N-oxidation on both nitrogens
of the piperazine ring of Cariprazine hydrochloride [30-33]. Further-
more, m/z 378.1129 (Loss of CoH7N from 423), m/z 335.1071 (Loss of
CHNO from 378), m/z 241.0291 (Loss of CoHyN from 423), m/z
335.1071 (Loss of CHNO from 378), m/z 241.0291 (Loss of C;H;( from
335). The loss of the C3H3N, CoHoN' radical and methyl radical resulted
in the formation of the three fragments m/z 226.0056, m/z 201.0105
and m/z 188.0026 respectively, from the m/z 241.029. The fragment
ions m/z 89.0709 and m/z 72.0444, both of which were common in
Cariprazine hydrochloride, indicated that the dimethylurea functional
group is intact. Based on the above data DP-2 is identified as 1-(2,
3-dichlorophenyl)-4—(2—{4-[(dimethylcarbamoyl)amino] cyclohexyl}
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Scheme 2. Proposed mass fragmentation behavior of DP-1.

ethyl) piperazine-1,4-diium-1,4-bis(olate), with a chemical formula of
C21H32CloN4O3 with a mass error of — 0.87 ppm. The fragmentation
pathway of DP-2 is illustrated in Scheme 3.

3.6. DP-3

DP-3 was formed in oxidative stress degradation with a peak at RT
16.3min and protonated m/z 443.1972. It was observed that
15.9951 Da has a higher molecular mass than the drug, implying that

oxygen atoms are present in the DP-3 structure. The fragmentation
spectrum of DP-3 showed product ion at m/z 425.1863, m/z 398.1396,
m/z 380.1289, m/z 243.0448 m/z 89.0709, and m/z 72.0443 (Fig.S4d).
The m/z 443.1972 began with the three fragmentation of m/z 425.1863,
m/z 398.1391 and m/z 89.0709 due to the loss of HyO (water), CoH7N
(dimethylamine) and C;gH24CloN2O respectively. While the second
fragment was formed by the loss of CoHyN (dimethylamine) at m/z
380.1289 from m/z 425.1863 and m/z 243.0448 (loss of CgH;1NO from
m/z 380). The fragment ions m/z 89.0709 and m/z 72.0443 both of
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which are common in Cariprazine hydrochloride, indicated that the
dimethylurea functional group is intact. Based on the above data DP-3 is
identified as 4-(2,3-dichlorophenyl) -1-(2—{4-[(dimethyl carbamoyl)
amino]cyclohexyl}ethyl)piperazin-1-ium-1-olate with a chemical for-
mula of Cy;H35CloN4O, with a mass error of — 0.68 ppm. The frag-
mentation pathway of DP-3 is illustrated in Scheme 4.

3.7. DP-4

DP-4 was formed in oxidative stress degradation with a peak at RT
19.0 min having protonated m/z 461.1629 and a characteristic trichloro
isotopic pattern. It was observed that DP-4 has 33.9608 Da more mass
than the Cariprazine hydrochloride, which indicates the presence of
chlorine atoms in the DP-4 structure. To know the position of the
chlorine in Cariprazine hydrochloride, fragmentation were performed
and critically assessed product ions at m/z 425.1863, m/z 416.1054, m/z
382.1441, m/z 373.0994, m/z 339.1383, m/z 277.0058, m/z 243.0446,
m/z 228.0212, m/z 200.0026, m/z 195.1490, m/z 188.0025, m/z
89.0708 and m/z 72.0443 (Fig.S4e). The first began with the formation
of two fragments of m/z 425.1863 and m/z 416.1054 from m/z
461.1629 due to the loss of Cl' (chlorine radical) and CoHyN dimethyl-
amine, respectively [33]. Trichloro isotopic pattern was observed in m/z
416.1629, which was fragmented into two fragments of m/z 382.1441
and m/z 373.0984, formed due to the loss of HCl (Hydrochloride) and
CHNO isocyanate, respectively. Whereas, m/z 373.0984 fragmented
into m/z 277.0058 with the loss of C;H;5 and having a trichloro isotopic
pattern, which indicated that the dimethyl urea functional group lacks a
chlorine atom. Further, fragments ion m/z 382.1441, m/z 339.1383, m/z
243.0446, m/z 195.1490, m/z 188.0025, m/z 89.0708, m/z 72.0443 are
also common in Cariprazine hydrochloride and indicated that the
chlorine atom is attached to the dichlorobenzene ring. Based on the
above data, DP-4 is identified as 3-(4-(2-(4-(2,3,6-trichlorophenyl)
piperazin-1-yl)ethyl)cyclohexyl)— 1,1-dimethylurea, with chemical

formula of Cy1H3;CI3N4O with a mass error of — 1.52 ppm. The frag-
mentation pathway of DP-4 is illustrated in Scheme 5.

3.8. DP-5

DP-5 was formed in oxidative stress degradation with a peak at RT
19.7 min having a protonated m/z 382.1443. The mass difference of
45.0578 Da compare to the drug indicates DP-5 was formed by the loss
of the dimethylamine group from the drug. Further, it was fragmented to
give product ions at m/z 339.1385, m/z 243.0448, m/z 231.0447, m/z
195.1490 and m/z 188.0027 which are common fragments ion in Car-
iprazine hydrochloride (Fig. S4f). Based on the above data DP-5 is
identified as 1-(2,3-dichlorophenyl)— 4-(2-(4-isocyanatocyclohexyl)
ethyl) piperazine, with a chemical formula of C;9H25C5N3O with a mass
error of — 1.05 ppm. The fragmentation pathway of DP-5 is illustrated in
Scheme 6.

3.9. Degradation pathway of the drug

The outcome of stress study result shows that oxone was oxidising
the Hydrochloride (HC) salt of Cariprazine hydrochloride to chlorine
(Cl') radical which substituted the hydrogen atom of aromatic ring via
aromatic radical substitution reaction to give DP-4 [34]. Under the same
degradation conditions, Cariprazine hydrochloride underwent depro-
tonation at amine (NH) group of urea to form crossponding isocynate
species with elimination of dimethylamine [35]. This species generated
an amine product (DP-1) via formation of unstable carbamic acid with
water. Further, degradation of urea functionality of compound like
Cariprazine hydrochloride to corresponding amine (DP-1) under acidic/
basic condition [36] is also known. As tertiary amine moeities are prone
to oxidation to form N-oxide [30]. Oxone mediated oxidation of tertary
amine center of piperazine ring in Cariprazine hydrochloride to
mono-oxidized DP-3 was found. The further oxidation of other N-center
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of DP-3 with the oxone lead to dioxidized DP-2. The plaussible mecha-
nism of DP-1 to DP-5 is shown in Fig. S5.

3.10. Method validation

The proposed SIAM (stability-indicating assay method) was vali-
dated as per ICH guidelines [37] in terms of selectivity, linearity, ac-
curacy, precision, robustness and solution stability. The specificity of the
method has been determined by the forced degradation of Cariprazine
hydrochloride. The peak purity evaluation was carried out by using a
PDA detector and confirmed that the Cariprazine hydrochloride peak
was homogenous and pure in all the analyzed stress samples, thus
demonstrating the specificity of the method. Linearity of the method was
evaluated at five concentration levels from 80% to 120% of Cariprazine
hydrochloride concentrations. The linearity was satisfactorily demon-
strated with a five point calibration graph between 80% and 120% of the

Cariprazine hydrochloride concentration. The slope, intercept and
regression coefficient values were determined by the least squares linear
regression analysis. The accuracy of the method was evaluated in trip-
licate using three concentration levels at 80%, 100% and 120% i.e.
( £ 20% specification level). The % recovery and % RSD for Cariprazine
hydrochloride were calculated. The precision of the method was verified
by repeatability and intermediate precision. Repeatability was checked
by injecting six individual preparations of Cariprazine hydrochloride
sample solution at 100% concentrations. The % RSD of an area of Car-
iprazine hydrochloride was calculated. The intermediate precision of the
method was also evaluated using different analyst and performing the
analysis on different days. Solution stability of the sample solution was
established by analyzing the sample solution at different time intervals
at room temperature (25 °C). The robustness of the method was studied
with deliberate alteration in the flow rate of the mobile phase and col-
umn temperature. The optimized flow rate of the mobile phase was
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1.0 mL/min and the same was altered by =+ 0.2 units i.e. from
0.8 mL/min to 1.2 mL/min. The effect of column oven temperature on
the resolution was studied at 23 °C and 27 °C instead of room temper-
ature (25 °C). Method validation results are summarized in Table S3.

3.11. Insilico toxicity evaluation

Leadscope software was used in the present investigation for an
evaluation of the toxicity of the impurities and active pharmaceutical
ingredients. Table S4 lists the toxicity predictions for the degradation
products DP-1 to DP-5. The software predicted the negative values of
mutagenicity for these structures. Thus, these five DPs were expected
not to have any mutagenicity.

4. Conclusion

Forced degradation is an important part of the drug development
process as it provides critical information about the degradation
chemistry of drug substances. In this context, the present study presents
five novel degradation products of Cariprazine hydrochloride and their
identification by LC-HRMS/MS. Acidic and basic conditions furnished
amine degradation product of urea functionality (DP-1). N-oxidative
impurities are formed (DP-2 & DP-3) with oxidizing agents 3-chloroper-
oxybenzoic acid, hydrogen peroxide and azobisisobutyronitrile. Inter-
estingly, Oxone furnished not only different N-oxides, halogenated
impurities of Cariprazine hydrochloride but also isocyanate and amine-
based impurities (DP-1 to DP-5). Further, the toxicity of Cariprazine
hydrochloride and its DPs were predicted by Leadscope software, which
indicated that all the DPs were non-mutagenic. The HPLC method was
also validated according to current ICH guidelines and is evidently se-
lective, linear, precise, accurate and robust within the validated range.
This method can be used conveniently in pharmaceutical analysis for
stability monitoring and routine quality control samples.
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