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The present study evaluates the stability of netupitant under various environmental stress conditions and identifies the degradation
products formed during the degradation process. In addition, the study predicts the pharmacokinetic and toxicological properties of these
degradation products using advanced analytical and computational approaches. Isocratic liquid chromatography was used to separate stress
samples, high-resolution quadrupole time-of-flight mass spectrometry was used to elucidate the structure of these samples. Computational
platforms were used in making predictions of toxicity and molecular docking simulations were performed to assess the relative binding
affinities of the parent drug and its degradants to the human neurokinin-1 receptor. Netupitant was susceptible to oxidative and hydrolytic
stress, mainly through oxidative cleavage of the piperazine ring. Molecular docking showed that netupitant has the best neurokinin-1
receptor binding affinity (-12.1 kcal/mol) and structural loss in the degradants slightly alters the binding affinity towards the receptor
(between -11.3 and -10.2 kcal/mol). Shifting the degradation products through software screens comprising the pkCSM webserver,
ToxTree and OSIRIS property explorer yielded predictions for various pharmacokinetic and toxicity-related parameters. The
computational predictions highlighted high intestinal absorption and hepatotoxicity across all compounds, with specific mutagenic

structural alerts identified in one degradation product and a tumorigenic alert in another.
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INTRODUCTION

Netupitant-palonosetron (Akynzeo®, Nykron®) is a recen-
tly developed combination therapy for the prevention of chemo-
therapy-induced nausea and vomiting (CINV) in patients
receiving various chemotherapy regimens [1]. Netupitant is a
selective neurokinin-1 (NK1) receptor antagonist that inhibits
the substance P signaling pathway, a key mediator of emesis
in the central nervous system [2]. Palonosetron, a 5-hydroxy-
tryptamine-3 (5-HT3) receptor antagonist, complements the
action of netupitant by blocking serotonin-mediated signaling,
another important pathway involved in the development of
CINV [3,4]. By simultaneously targeting the NK1 and 5-HT3

receptor pathways, this combination provides an effective
approach to the prevention of CINV, which remains a common
and distressing complication of chemotherapy and can adver-
sely affect patients’ quality of life and adherence to treatment
[5]. Therefore, the availability of effective antiemetic thera-
pies such as netupitant-palonosetron is essential for improving
the tolerability of chemotherapy and supporting treatment
compliance.

Several analytical methods have been developed to inves-
tigate the pharmacokinetics, metabolism and degradation beh-
aviour of netupitant, particularly using HPLC and LC-MS/
MS techniques. Xu et al. [6] developed and validated an LC-
MS/MS method for the determination of netupitant in human
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plasma, which has been subsequently applied in several clinical
pharmacokinetic studies. Chira et al. [7] employed an electro-
chemical approach coupled with mass spectrometry to inves-
tigate the oxidative metabolism of netupitant, providing valu-
able insights into its possible metabolic pathways. From a
pharmaceutical quality-control perspective, Panigrahy & Reddy
[8] and Raveendranath et al. [9] reported limited reverse-phase
HPLC (RP-HPLC) methods for the simultaneous estimation
of netupitant and palonosetron. However, these studies prim-
arily focused on the determination of the parent drugs, with
comparatively limited information available on the systematic
characterization of netupitant degradation products under
stress conditions.

Although previous studies have reported degradation pro-
ducts of netupitant under forced conditions, they were largely
limited to quantitative assessment, with little information on
the structural identity and formation pathways of these impu-
rities. The present study addresses this gap by systematically
evaluating the oxidative degradation of netupitant under ICH-
recommended stress conditions and characterizing the resul-
ting degradation products using LC-QTOF-MS. Their potential
mutagenic and systemic toxicity was further assessed using
in silico approaches in accordance with the principles of ICH
M7. Molecular docking with the human NKZ1 receptor was
also performed to evaluate the effect of structural modifica-
tions on receptor-binding interactions. This integrated appro-
ach provides insight into the degradation behaviour and poten-
tial safety implications of netupitant degradation products and
establishes a basis for their future isolation and experimental
evaluation.

EXPERIMENTAL

Zydus Lifesciences Ltd. (Ahmedabad, India) provided
the netupitant active pharmaceutical ingredient. Netupitant
tablet preparation (brand name Nykron, batch no. BEZ1282)
was purchased at a local pharmacy. Reagents such as sodium
hydroxide, hydrochloric acid, formic acid, ammonium acetate,
ammonia solution and hydrogen peroxide, were of analytical
grade and were obtained at Advent Laboratories.

Chromatographic separation was performed using a Thermo-
Fisher Scientific HPLC system equipped with Chromeleon
7.3.2 software and a Hypersil BDS C18 column (250 mm x
4.6 mm, 5 um particle size). Mass spectral analysis was carried
out using an Agilent 1200 Series HPLC coupled to an Agilent
6550 UHD Accurate-Mass Q-TOF mass spectrometer. Other
equipment included a precision analytical balance (Wensar),
constant-temperature water bath (Labman), calibrated photo-
stability chamber (Thermo-Ilab Scientific), hot-air oven (Thermo
Scientific) and ultrasonic bath (Labman).

Computational tools: Molecular docking studies were
performed on an Intel Core i7 workstation with 32 GB RAM
running Windows 10. AutoDock Vina [10] was used to gene-
rate docking poses, while Maestro Viewer [11], Avogadro [12],
MarvinSketch [13] and AutoDock Tools [14] were used for
molecular visualization, structure preparation and analysis.
Pharmacokinetic and toxicity profiles were predicted using the
pkCSM, ToxTree and OSIRIS Property Explorer platforms
[15,16].

Forced degradation studies: Stress testing was perfor-
med in accordance with international guidelines [17] to eval-
uate the stability of netupitant under conditions relevant to its
pharmaceutical lifecycle. The drug was subjected to hydro-
Iytic (acidic and alkaline), oxidative, thermal and photolytic
stress conditions. For chemical stress studies, blank, stressed
and corresponding unstressed control samples were analyzed.
For thermal and photolytic studies, paired stressed and control
samples were prepared for comparison.

Hydrolytic degradation: Acidic and alkaline hydrolysis
were performed using 2 M HCl and 2 M NaOH, respectively.
Netupitant solution (1.0 mL, 3000 pg/mL) was reacted with
1.0 mL of the respective stressor in separate 10 mL volumetric
flasks. The acidic mixture was heated at 80 °C for 3 h, while
the alkaline mixture was heated at 80 °C for 20 min. Both
samples were neutralized, diluted to 10 mL with the mobile
phase diluent and subjected to HPLC analysis (300 pg/mL).

Oxidative degradation: A 1 mL aliquot of netupitant
solution (3000 pg/mL) was reacted with 1 mL of 6% H.O;
for 24 h at ambient temperature. A corresponding blank omit-
ting the drug was prepared simultaneously. Following the 24 h
exposure, samples were diluted to 10 mL with diluent prior
to analysis (300 pg/mL).

Thermal degradation: Solid-state thermal degradation
was evaluated by exposing the drug in a sealed glass ampoule
to dry heat (80 °C) in a hot air oven for 10 h. A parallel control
ampoule was maintained at ambient temperature. After
exposing, the samples were weighed correctly and dissolved
in 10.0 mL of diluent to obtain a final concentration of 300
pg/mL.

Photolytic degradation: Photolytic stress in liquid phase
was caused by addition of netupitant solutions (300 pg/mL)
to 1.2 million lux-hours of fluorescent light and 200 watt-h/m?
of ultraviolet light in a calibrated photostability chamber [18].
An Amber volumetric flask wrapped in an aluminium foil
kept a control sample.

HPLC method development and sample preparation:
A 3000 pg/mL solution of netupitant (as a primary stock sol-
ution) was prepared in acetonitrile. A diluent of acetonitrile
and 10 mM ammonium acetate buffer (pH 9.0, pH adjusted
with ammonia 90:10 (v/v) was used to prepare the working
solutions. Any stressed or blank samples were diluted to an
end result of 300 png/mL, a concentration that had been tested
and confirmed in the literature [8,9] to provide the best peak
height. Separations were done by chromatography through
isocratic elution using the above 90:10 (v/v) mobile phase.
Netupitant weakly basic pKa (9.72) required a mobile phase
pH of 9.0 to maintain the optimum elution and peak symmetry
[6]. The flow rate was set at 1.0 mL/min, injection volume was
set at 10 puL and ultraviolet was set to 250 nm. Lastly, a mix-
ture of all the stressed samples was examined to demonstrate
the resolution of the parent drug and all of the formed degra-
dation products on the baseline.

Analytical method validation: The stability-indicating
assay method developed was validated according to accepted
parameters of validation [19].

Specificity and selectivity: Specificity of method was
determined by determining the parent drug/degradant chro-
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matographic separation of the degradants. The purity of the
peak was determined by a diode array detector.

Linearity: Linear response was assessed over 5 concen-
tration levels 100-600 pg/mL. Triplicate injections were done
and the linearity was established by the analysis of the linear
regression of the peak area versus concentration.

Precision: Intra-day and inter-day precision were eval-
uated with six samples of the nominal assay concentration
(300 pg/mL) on the same day and on successive days. The
precision was in terms of relative standard deviation (RSD).

Accuracy: Spiking of the standard drug into a degrada-
tion mixture at 80, 100 and 120% of the nominal concentra-
tion (300 ug/mL) was used to perform recovery studies. All
analyses were performed in triplicate and the mean percen-
tage recovery was calculated.

Robustness and detection and quantification limits:
Robustness was evaluated by introducing deliberate small
variations in wavelength and flow rate, with results expressed
as %RSD based on triplicate measurements for each varia-
tion. LOD and LOQ were determined statistically from the
analytical data in accordance with ICH guidelines.

High-resolution mass spectrometry: The structural
elucidation was performed using an LC-Q-TOF-MS system
equipped with an electrospray ionization (ESI) source oper-
ated in positive-ion mode. Full-scan MS spectra were initially
acquired at low collision energy to identify the precursor ions,
followed by targeted MS/MS fragmentation of netupitant and
its degradation products at a collision energy of 40 V. The
optimized source parameters were: capillary voltage, 3400 V;
sheath gas temperature, 350 °C; sheath gas flow rate, 11 L/min;
drying gas flow rate, 11 L/min and nebulizer pressure, 35 psi.
Nitrogen was used as the drying, sheath and collision gas.

Molecular docking protocol: The crystal structure of
the human neurokinin-1 (NK1) receptor in complex with
netupitant (PDB ID: 6HLP) was obtained from the Protein
Data Bank [20]. The receptor was prepared using Maestro by
removing water molecules and co-crystallized ligands, except
the native netupitant ligand. The docking grid was centered
on the native ligand at x = 4.97, y = -2.25 and z = 32.54 A,
with a box size of 20 x 20 x 20 A. Polar hydrogens and
Kollman charges were added using AutoDock Tools. The
degradation products were drawn in MarvinSketch and
converted into 3D structures, followed by geometry optimi-
zation using Avogadro with the MMFF94 force field [21].
Gasteiger charges were assigned to the ligands using Auto-
Dock Tools. Molecular docking was performed using the Auto-
Dock Vina command-line interface with an exhaustiveness

of 16 and 10 binding modes. The docking protocol was valid-
ated by re-docking native netupitant, which yielded an RMSD
of 1.557 A

RESULTS AND DISCUSSION

The degradation behaviour of netupitant under different
stress conditions is summarized in Table-1. Netupitant under-
went degradation under acidic, alkaline, oxidative, thermal and
photolytic conditions, with degradation products detected under
each stress condition. Three major degradation products, desig-
nated DP-I, DP-Il and DP-111 according to their elution order,
were identified. The proposed degradation pathways are
shown in Fig. 1. DP-1 was consistently observed under acidic,
alkaline, photolytic and thermal stress conditions, as supported
by its consistent relative retention time. DP-II was observed only
under acidic stress, whereas DP-I11 was formed specifically
under H,O- stress. The formation pattern of these products
points to distinct degradation pathways, with DP-1 represen-
ting a common degradation product under several stress condi-
tions and DP-11 and DP-IIl being associated with specific
chemical environments (Fig. 2).

Method development and optimization: A selective
stability-indicating assay method (SIAM) was developed and
optimized to achieve adequate separation of netupitant from
its degradation products. Initial chromatographic experiments
involved variation of the organic modifier, using methanol or
acetonitrile, together with adjustment of the aqueous-phase
pH. Since netupitant contains basic functional groups, parti-
cularly the piperazine moiety, acidic mobile phases resulted
in poor retention and pronounced peak tailing, which can be
attributed to secondary interactions with residual silanol groups
on the stationary phase. An alkaline mobile phase consisting
of 10 mM ammonium acetate adjusted to pH 9.0 provided
improved chromatographic behaviour. Under these conditions,
reduced ionization of the basic drug enhanced retention and
resulted in sharper, more symmetrical peaks. Acetonitrile was
selected over methanol because its lower viscosity provided
better chromatographic efficiency and peak resolution.

The optimized chromatographic conditions consisted of
isocratic elution with acetonitrile and 10 mM ammonium
acetate buffer (pH 9.0) in a 90:10 (v/v) ratio. A Hypersil BDS
C18 column (250 mm x 4.6 mm, 5 um) provided suitable
hydrophobic interaction and effective separation of netupitant
from its stress-related impurities. The flow rate was main-
tained at 1.0 mL/min and detection was performed at 250 nm.
The method met the predefined system-suitability require-

TABLE-1
QUANTITATIVE DEGRADATION DATA OF NETUPITANT UNDER DIFFERENT STRESS CONDITIONS

Medium Temp. (°C) Time Degradation (%) Retention time (min)

Untreated 25 - - 7.433

2N HCI 80 3h 7.56 3.700 (DP-I)
5.12 5.300 (DP-11)

2 N NaOH 80 20 min 5.05 3.700 (DP-I)

Neutral hydrolysis 80 24 h Nil -

6% H202 25 24 h 6.73 9.700 (DP-II1)

Thermal 80 10h 5.32 3.550 (DP-I)

‘Fluorescent light 1.2 million lux h> and ‘UV light 200 Whm %’ 25 72 h 5.22 3.553 (DP-I)
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Fig. 1. Degradation pathway of netupitant
s sely affect the chromatographic performance, supporting the
300 NTP robustness of the developed SIAM.
250 Specificity and selectivity: The developed method pro-
200 vided selective separation of netupitant and its degradation
21501 products. Netupitant, DP-1, DP-1I and DP-I1I were resolved
2 1001 at baseline under the optimized chromatographic conditions.
! DP | DP III Blank samples subjected to the respective stress conditions
50 DPII . e ) o
o L did not exhibit interfering peaks at the retention times of the
. ! drug or degradation products. Diode-array detector peak-purity
BT 2 4 6 8 10 12 14 16 18 20 analysis gave purity values of >99% for the resolved peaks,
min

Fig. 2. Degradation product chromatogram of netupitant

ments, with a capacity factor (k) >1, resolution (Rs) >1.5,
tailing factor (Tr) <1.5 and theoretical plate count (N) >2000
for the eluted components. Peak-purity assessment confirmed
the spectral purity of the netupitant peak and the absence of
co-eluting degradation impurities. Deliberate minor variations
in flow rate, mobile-phase composition and pH did not adver-

supporting the absence of significant co-eluting components.
Linearity and range: The method exhibited a linear res-
ponse over the concentration range of 100-600 ug/mL. A plot
of peak area against concentration gave the regression equa-
tiony = 17.089x — 16.267, with a correlation coefficient (R?)
of 0.9996. The high correlation coefficient confirms the
suitability of the method for quantitative determination of
netupitant within the investigated concentration range.



Vol. 38, No. 9 (2026)

Characterization of Netupitant Degradation Products Employing LC-QTOF-MS & Computational Tools 2367

Precision: Precision was evaluated using six independent
preparations at the nominal assay concentration of 300 pug/mL
on the same day and on consecutive days to assess intra-day
and inter-day precision, respectively. The %RSD values were
below 2% for both precision studies, satisfying conventional
analytical acceptance criteria.

Accuracy: Accuracy was assessed through recovery stu-
dies by spiking known quantities of netupitant into a compo-
site mixture of stressed samples at 80, 100 and 120% of the
target assay concentration. The recovery values ranged from
99.0 to 101.0%, with an overall mean recovery of 100.4%.

Robustness, detection and quantification limits: The
robustness of the method was assessed by deliberate changes
in wavelength and flow rate, with triplicate analysis perfor-
med for each variation. The corresponding %RSD values were
0.36 and 0.65%, respectively, confirming that minor changes
in these parameters did not substantially affect the analytical
response. The LOD and LOQ were 3.21 and 9.74 pg/mL,
respectively, as calculated statistically from the analytical data
in accordance with ICH recommendations.

LC-Q-TOF-MS characterization of netupitant and
degradation products: High-resolution LC-Q-TOF-MS anal-
ysis was performed to characterize netupitant and its three
major degradation products and to establish their proposed
structures and fragmentation pathways. The accurate-mass
data are summarized in Table-2. The fragmentation behaviour
of the parent drug provided a basis for interpreting the struc-
tural changes associated with each degradation product.

Fragmentation behaviour of netupitant: Netupitant
exhibited a protonated molecular ion at m/z 579.2562. The
collision-induced dissociation generated five principal product
ions at m/z 522.1985, 255.0615, 241.0458, 227.0295 and
213.0123. The fragment at m/z 522.1985 can be attributed to

cleavage involving the piperazine moiety, while further frag-
mentation generated the m/z 255.0615 ion through loss of the
N-(6-(dimethylamino)-4-o-tolylpyridin-3-yl)-N-methylaceta-
mide substructure. The ions at m/z 241.0458, 227.0295 and
213.0123 arise from successive neutral losses of alkyl groups
associated with the 1,3-bis(trifluoromethyl)-5-isopropylbenzene
moiety, with a regular mass difference of 14 Da. The fragmen-
tation pattern is consistent with previously reported metabo-
lic and bioanalytical data for netupitant by Xu et al. [6] and
Chiraetal. [7].

Characterization of DP-1: DP-I was detected as a major
degradation product under several stress conditions and was
assigned the structure 2-(3,5-bis(trifluoromethyl)phenyl)-N-
(6-amino-4-o-tolylpyridin-3-yl)-N,2-dimethylpropanamide. Its
molecular ion at m/z 496.1803 represents substantial modifi-
cation of the piperazine-containing portion of netupitant,
consistent with cleavage of the piperazine ring and formation
of a primary aromatic amine. Ring-opening degradation of
piperazine-containing pharmacophores has been reported for
structurally related compounds [22-24]. MS/MS fragmen-
tation of DP-I generated ions at m/z 255.0609, 241.0435,
227.0293 and 213.0143. The m/z 255.0609 ion corresponds
to loss of the N-(6-amino-4-o-tolylpyridin-3-yl)-N-methyl-
acetamide moiety, while the lower-mass ions follow the homo-
logous fragmentation pattern observed for netupitant. The
presence of the primary aromatic amine in DP-1 is of parti-
cular interest from a toxicological perspective and was consi-
dered further in the in silico assessment.

Characterization of DP-11: DP-I1 exhibited a molecular
ion at m/z 565.2048 and was assigned the proposed structure
2-(3,5-bis(trifluoromethyl)phenyl)-N-(6-(N-(2-aminoethyl)-
N-vinylamino)-4-o-tolylpyridin-3-yl)-N,2-dimethylpropana-
mide. The observed mass shift relative to netupitant is consis-

TABLE-2
LC-QTOF-MS DATA FOR NETUPITANT AND ITS DEGRADATION PRODUCTS

Compound m.f. Theoretical mass (m/z) Experimental mass (m/z) Error (ppm)
Netupitant CaoHasFsN4O* 579.2553 579.2565 2.1
Fragments C27H26FeN3O* 522.1974 522.1985 21
CuiHoF6" 255.0603 255.0615 4.6
CioH7Fs" 241.0446 241.0458 4.9
CoHsFs* 227.029 227.0295 21
CsHsFs* 213.0133 213.0123 -4.6
DP-I Ca2sH24F6N3O* 496.1818 496.1803 -3.0
Fragments CuHoFs* 255.0603 255.0609 2.3
CioH7Fs* 241.0446 241.0435 -4.7
CoHsFs* 227.029 227.0293 1.2
CsHsFs* 213.0133 213.0143 4.6
DP-I1 Co2sH27FsN4O2* 565.2032 565.2048 29
Fragments C27H26FsN3O* 522.1974 522.1962 -2.3
CuiHoF6" 255.0603 255.0609 25
CioH7Fs" 241.0446 241.0456 43
CoHsFs* 227.029 227.0294 1.8
CsHsFs" 213.0133 213.0138 2.4
DP-111 CaoHssFeN4O2* 595.2502 595.2517 2.6
Fragments Ca26H24FsN3O* 508.1818 508.1806 -2.3
CuiHoFs" 255.0603 255.0607 1.6
CioH7Fs" 241.0446 241.0453 2.9
CoHsFs* 227.029 227.0281 -3.8
CsHsFs* 213.0133 213.0138 2.4
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tent with oxidative N-demethylation accompanied by modifi-
cation and opening of the piperazine ring, in agreement with
degradation behaviour reported for related piperazine cont-
aining structures [22-24]. The MS/MS spectrum contained

product ions at m/z 255.0609, 241.0456, 227.0294 and 213.0138.

Retention of these characteristic lower-mass fragments indi-
cates preservation of the principal netupitant backbone after
alteration of the piperazine substituent. The formation of DP-
Il specifically under acidic stress suggests that the modified
piperazine structure has a distinct susceptibility to acid-medi-
ated degradation.

Characterization of DP-111: Exposure to H,O; resulted
in formation of DP-II1, assigned as 4-(5-(2-(3,5-bis(trifluoro-
methyl)phenyl)-N,2-dimethylpropanamido)-4-(o-tolyl)pyridin-
2-yl)-1-methylpiperazine 1-oxide. Its protonated precursor ion
appeared at m/z 595.2510, corresponding to an accurate mass
increase of approximately 16 Da relative to netupitant and sup-
porting the formation of an N-oxide at the piperazine nitrogen
[22,24]. The susceptibility of the piperazine nitrogen to oxida-
tion is consistent with stability concerns reported for netupitant
in the European Medicines Agency assessment [25]. MS/MS
fragmentation of DP-I11 generated a major product ion at m/z
508.18086, attributable to the oxidized piperazine moiety, toge-
ther with secondary ions at m/z 255.0607, 241.0456, 227.0281
and 213.0138. The latter ions retain the characteristic frag-
mentation signature of the parent compound, confirmed the
proposed N-oxide structure.

Proposed degradation pathways and differential chem-
ical stability: The LC-Q-TOF-MS findings provide a basis for
interpreting the distinct degradation behaviour of netupitant
under hydrolytic and oxidative conditions. Despite exposure
to acidic and alkaline stress, no prominent amide-hydrolysis
products corresponding to the carboxylic acid or free amine
fragments were detected. This behaviour suggests consider-
able resistance of the central tertiary amide bond toward hydro-
lysis. Steric protection around the amide functionality may
contribute to this stability. The amide nitrogen is N-methylated
and is associated with the bulky 2-[3,5-bis(trifluoromethyl)-
phenyl]-2-methylpropanoyl group, forming substantial steric
congestion around the amide linkage. A comparable steric
effect has been described for the 2,6-dimethylphenyl moiety
of lidocaine [26], where steric hindrance limits access of water
or hydroxide ions to the amide bond and reduces the likeli-
hood of the transition state required for hydrolysis.

The oxidative degradation pathway appears to be asso-
ciated primarily with the electron-rich tertiary nitrogen of the
piperazine ring. Oxidative stress may initiate single-electron
transfer from this nitrogen to the oxidizing species, gener-
ating a transient nitrogen-centered radical cation. Hydrogen
atom abstraction at the adjacent o-methylene position can
then generate a resonance-stabilized a-aminoalkyl carbon
radical. Reaction of this intermediate with molecular oxygen
or peroxide species can form a reactive peroxyl radical (R-O0*),
whose subsequent decomposition may give rise to an electro-
philic iminium intermediate. Nucleophilic attack by water on
such an intermediate provides a plausible route for C-N bond
cleavage and piperazine-ring opening. Direct oxygen transfer
to the piperazine nitrogen may provide an alternative path-
way through N-oxide formation, followed by rearrangement

or Polonovski-type fragmentation. Such pathways are chemi-
cally consistent with the formation of 2° amines, aminoethyl
derivatives, aldehydic products and the N-oxide structure pro-
posed for DP-111 [27].

Molecular docking analysis: Molecular docking simu-
lations were performed against the human NK1 receptor to
assess whether structural changes associated with degradation
could alter the receptor-binding behaviour of netupitant. The
docking results are shown in Figs. 3 and 4. Netupitant exhi-
bited the strongest predicted binding affinity, with a docking
score of -12.1 kcal/mol. Its interaction with the receptor was
largely supported by hydrophobic contacts within the active-
site environment. Modification of the piperazine moiety was
associated with progressively weaker predicted binding.

Fig. 3.

Netupitant in the binding pocket of neurokinin receptor (PDB id:
6HLP)

DP-I11, which retains the piperazine framework but car-
ries an N-oxide group, gave a docking score of -11.3 kcal/mol.
The localized charge associated with the N-oxide may alter
the hydrophobic environment required for optimal receptor
interaction. DP-1, which undergoes extensive structural modifi-
cation of the piperazine region, exhibited a docking score of
-11.0 kcal/mol. DP-I11, with the most extensive modification
of the piperazine-derived portion, gave the weakest predicted
affinity at -10.2 kcal/mol. The docking results suggest that
oxidative modification and structural disruption of the piper-
azine moiety can alter the predicted interaction of netupitant-
derived species with the NK1 receptor, although these comp-
utational findings require experimental pharmacological con-
firmation.

In silico ADMET and toxicological assessment: The
predicted ADMET profiles of netupitant and its degradation
products were evaluated using the pkCSM platform. Netupitant
and all three proposed degradants were predicted to have high
intestinal absorption, with values above 90% and each comp-
ound was predicted to act as a P-glycoprotein (P-gp) substrate.
The calculated log BB values were below 0.3, corresponding
to limited predicted penetration across the blood-brain barrier.
The compounds were not predicted to inhibit CYP1A2 or
CYP2D6. DP-I was predicted to inhibit CYP2C19, while DP-
111 was predicted to inhibit CYP2C9. Netupitant and DP-1 were
predicted to have potential CYP3A4 inhibitory activity.
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The toxicological screening provided further insight into
structural changes associated with degradation. pkCSM pre-
dicted hepatotoxicity for the parent compound and the investi-
gated degradation products, while no mutagenic liability was
predicted by this platform. A complementary structural-alert
assessment using S. toxicarum ToxTree identified a significant
mutagenic structural alert for DP-I. This alert may be associ-
ated with the primary aromatic amine generated following
piperazine-ring cleavage, a structural feature recognized as a
potential toxicophore due to its possible involvement in DNA-
reactive processes. OSIRIS Property Explorer did not predict
tumorigenic potential for netupitant, DP-I or DP-II1I, whereas
DP-I1 returned a positive tumorigenicity prediction. The investi-
gated compounds were generally predicted to have no signifi-
cant irritant or reproductive-toxicity liabilities.

The combined analytical and computational findings
establish a relationship between the chemical instability of the
piperazine moiety, the structures of the resulting degradation

products, their predicted receptor interactions and their poten-
tial toxicological liabilities. The LC-Q-TOF-MS data support
distinct structural pathways for DP-1, DP-I1 and DP-I11, while
the docking and toxicity predictions provide an initial assess-
ment of the possible pharmacological and safety conseq-
uences of these structural changes. Since these findings are
based partly on computational predictions, experimental isola-
tion, structural confirmation, receptor-binding studies and toxi-
cological evaluation of the individual degradation products
would be required for definitive assessment.

Conclusion

A comprehensive forced-degradation study of netupitant
was performed in accordance with ICH Q1A(R2) to establish
the intrinsic stability profile of netupitant. The drug exhibited
marked resistance to amide hydrolysis under acidic and alkal-
ine conditions, which may be attributed to steric protection
around its central tertiary amide group. The piperazine moiety
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was identified as the principal site of chemical degradation
under the investigated stress conditions. High-resolution LC-
QTOF-MS enabled the characterization of three major degrada-
tion products with distinct fragmentation patterns. DP-I was
detected under several stress conditions and was associated
with the piperazine-ring cleavage, DP-11 was observed under
acidic stress, while DP-I1l was formed selectively under
peroxide stress through N-oxidation. In silico ADMET and
toxicological assessment using pkCSM, ToxTree and OSIRIS
identified potential safety concerns among the degradation
products. The primary aromatic amine presents in DP-1 was
associated with a predicted mutagenic structural alert, while
the computational models also indicated potential hepatotoxi-
city and other metabolic accountabilities. Molecular docking
against the human NK1 receptor revealed a progressive
reduction in predicted binding affinity following structural
modification of the piperazine moiety, with the parent drug
exhibiting the strongest predicted interaction. These findings
established a link between the chemical degradation of
netupitant, structural changes in its degradation products and
their predicted pharmacological and toxicological profiles.
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