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Abstract 
Background: Reported literature on Zavegepant mainly emphasizes LC-MS/MS bio-analytical methods for 
pharmacokinetic studies, with limited availability of simple stability-indicating RP-HPLC methods for 
routine quality control.A stability-indicating analytical approach is necessary for the production, storage, and 
shipment of Zavegepant, a medicine used to treat acute migraines, an antagonist to the calcitonin gene-
related peptide (CGRP) receptor. Methodology: Chromatographic separation was achieved using a YMC 
Accura Triart Bio C4 column (250 × 4.6 mm, 5 µm) with a mobile phase consisting of 10 mM ammonium 
bicarbonate in water and acetonitrile (65:35 v/v) at a flow rate of 0.7 mL/min. Detection was performed at 
220 nm with a column temperature maintained at 35°C. The method was validated for system suitability, 
specificity, precision, linearity, accuracy, LOD, LOQ, robustness, ruggedness, assay, and forced degradation 
studies. Results and Discussion: Zavegepant showed a sharp peak at a retention time of 5.916 minutes. The 
system suitability study demonstrated excellent precision with %RSD values of 0.083% for peak area and 
0.093% for retention time. The method was linear over the concentration range of 0.2–0.75 µg/mL. 
Accuracy studies showed mean recoveries of 100.83%, 100.46%, and 101.16% at 50%, 100%, and 150% 
levels, respectively. The LOD and LOQ showed signal-to-noise ratios of 7.73 and 15.29. The assay of 
Zavzpret showed 99.50% drug content. Forced degradation studies revealed significant acid degradation, 
moderate oxidative degradation, and stability under basic and thermal conditions. Conclusion: The 
developed RP-HPLC method was found to be sensitive, accurate, robust, reproducible, and stability-
indicating, making it suitable for routine quality control and stability studies of Zavegepant. 
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INTRODUCTION 
Zavegepant is a novel calcitonin gene-related peptide 
(CGRP) receptor antagonist belonging to the class of 
anti-migraine agents used for the acute treatment of 
migraine. Chemically, Zavegepant as in figure 1 is 
identified as N-[(2R)-3-(7-methyl-1H-indazol-5-yl)-
1-[4-(1-methylpiperidin-4-yl)piperazin-1-yl]-1-
oxopropan-2-yl]-4-(2-oxo-1,2-dihydroquinolin-3-
yl)piperidine-1-carboxamide with a molecular 
formula of C₃₆H₄₆N₈O₃ and molecular weight of 
658.79 g/mol. It is marketed under the brand name 
Zavzpret and was approved by the US FDA in March 
2023 for the acute management of migraine1-9. 
Zavegepant exhibits high protein binding (>90%) and 
is soluble in organic solvents such as dimethyl 
sulfoxide and dimethylformamide, while being 
practically insoluble in water . The development of 

Zavegepant represents a significant advancement 
in migraine therapy due to its rapid onset of action 
and targeted mechanism against migraine-
associated neurovascular pathways10-19. The 
pharmacological activity of Zavegepant is based 
on selective inhibition of the calcitonin gene-
related peptide (CGRP) receptor, which plays a 
critical role in migraine pathophysiology20-29. 
During migraine attacks, CGRP is released from 
trigeminal sensory nerves and contributes to 
vasodilation of intracranial blood vessels, 
neurogenic inflammation, and transmission of 
pain signals to the central nervous system. CGRP 
exerts its biological activity by binding to receptor 
complexes composed of calcitonin receptor-like 
receptor (CLR) and receptor activity-modifying 
protein 1 (RAMP1)30-41. Zavegepant selectively 
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antagonizes this receptor complex, thereby 
preventing CGRP-mediated signaling pathways 
involved in migraine generation and propagation. By 
blocking CGRP receptor activation, Zavegepant 
effectively reduces vasodilation, inflammatory 
responses, and nociceptive transmission associated 
with migraine attacks. Analytical method 
development and validation are essential in 
pharmaceutical analysis to ensure the identity, purity, 
quality, efficacy, and stability of pharmaceutical 
products. Among various analytical techniques, 
High-Performance Liquid Chromatography (HPLC) 
is one of the most widely employed techniques due to 
its excellent sensitivity, precision, selectivity, 
reproducibility, and capability to separate complex 
pharmaceutical compounds efficiently42-49. Several 
studies have been reported concerning the 
pharmacokinetic50-52, pharmacodynamic53-55, and 
clinical evaluation of Zavegepant. Cann R.O. et al56., 
focused on the development of stable crystalline 
polymorphs of Zavegepant hydrochloride to improve 
physicochemical stability and pharmaceutical 
performance. Comisar C.M. et al57,. performed 
population pharmacokinetic analysis using nonlinear 
mixed-effects modeling to characterize the plasma 
concentration–time profile and bioavailability of 
Zavegepant following intravenous, intranasal, and 
oral administration. Bhardwaj R. et al58., investigated 
the mass balance recovery, metabolic disposition, and 
hepatic impairment effects of Zavegepant through 
phase I clinical studies. Additional investigations 
were conducted to evaluate drug–drug interactions 
between Zavegepant and sumatriptan, confirming 
safety and absence of significant pharmacokinetic 
interactions. Furthermore, Chiang C.C. et al59., and 
Negro A. et al60-62., reviewed the therapeutic role of 
CGRP antagonists and gepants in migraine 
management, emphasizing the clinical significance 
and improved tolerability of second-generation 
CGRP receptor antagonists. Although extensive 
pharmacological and clinical investigations have 
been reported for Zavegepant, very limited analytical 
methods are available for its quantitative estimation 
in pharmaceutical dosage forms. Most reported 
studies are focused on pharmacokinetic profiling, 
receptor interactions, or clinical efficacy, whereas 
sensitive and stability-indicating chromatographic 
methods for routine pharmaceutical analysis remain 
inadequately explored. The absence of a simple, rapid, 
precise, and validated RP-HPLC method for 

estimation of Zavegepant in bulk and marketed 
formulations creates the necessity for further 
analytical method development.Therefore, the 
rationale of the present study is to develop a novel, 
rapid, sensitive, precise, and stability-indicating 
RP-HPLC method for the estimation of 
Zavegepant in pure drug and marketed dosage 
form using PDA detection. The developed method 
is intended to provide efficient chromatographic 
separation with reduced run time and reliable 
analytical performance suitable for routine quality 
control analysis. The method is further validated 
in accordance with ICH Q2(R2) guidelines to 
ensure specificity, precision, accuracy, linearity, 
robustness, sensitivity, and reproducibility.The 
primary aim of the present work is to develop and 
validate a reliable RP-HPLC method for 
quantitative estimation of Zavegepant in pure and 
marketed formulations. The plan of work includes 
an extensive literature survey, procurement of 
standards and reagents, selection of suitable 
chromatographic conditions, preparation of 
standard and sample solutions, optimization of 
chromatographic parameters, method development, 
validation studies according to ICH guidelines, 
assay determination, and forced degradation 
studies to establish the stability-indicating 
capability of the developed analytical method. 

 
Figure 1: Chemical Structure of Zavegepant 

MATERIALS AND METHODS 
Chemicals and Reagents 
Zavegepant pure active pharmaceutical ingredient 
(API) was obtained as a gift sample from YMC 
India Pvt. Ltd. The marketed formulation, 
Zavzpret nasal spray, was procured from a nearby 
pharmaceutical store. HPLC-grade acetonitrile and 
methanol used during the study were purchased 
from Rankem, while Trifluoroacetic acid (TFA) 
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and ammonium bicarbonate were obtained from SRL. 
All chemicals and reagents employed throughout the 
investigation were of analytical or HPLC grade to 
ensure precision, reproducibility, and reliability of 
chromatographic results . 
Instrumentation 
Chromatographic analysis was carried out using a 
Shimadzu HPLC system (P-series). Sample 
preparation and extraction procedures were supported 
using a LAB MAN Scientific ultrasonic cleaner 
(Model: LMUC-12). Accurate weighing of standards 
and reagents was performed using a Sartorius 
analytical balance (Model: SECURA225D-10IN). 
Purified water was obtained from a LAB JAL 
Millipore water purification system (Model: LAB 
NE15UV). The pH of solutions was monitored using 
an EUTECH 700 pH meter with an accuracy of ±0.01 
pH units. All instruments were calibrated and 
operated according to standard laboratory procedures 
to maintain analytical consistency . 
Preparation of Diluent 
A mixture of acetonitrile and water in the ratio of 1:1 
(v/v) was used as the diluent throughout the study. 
The prepared solvent system was filtered and 
degassed before use to remove particulate matter and 
dissolved gases. All standard and sample solutions 
used for chromatographic analysis were prepared 
using this diluent based on the solubility 
characteristics of Zavegepant . 
Preparation of Mobile Phase 
The mobile phase was prepared by dissolving 
accurately weighed 514 mg of ammonium 
bicarbonate in approximately 500 mL of HPLC-grade 
water in a suitable volumetric flask. The volume was 
then made up to 650 mL with the same solvent to 
obtain a 10 mM ammonium bicarbonate solution. To 
this aqueous phase, 350 mL of HPLC-grade 
acetonitrile was added to achieve a final mobile phase 
composition of water and acetonitrile in the ratio of 
65:35 (v/v). The prepared mobile phase was 
thoroughly mixed, filtered through a 0.45 µm 
membrane filter, and sonicated for 10–15 minutes to 
remove dissolved gases prior to chromatographic use . 
Chromatographic Conditions 
Chromatographic separation of Zavegepant was 
carried out using a YMC Accura Triart Bio C4 
column (250 × 4.6 mm, 5.0 µm). The mobile phase 
consisted of 10 mM ammonium bicarbonate in water 
and acetonitrile (65:35 v/v). The flow rate was 
maintained at 0.7 mL/min, and the column oven 

temperature was set at 35°C. The diluent used 
throughout the analysis was acetonitrile:water (1:1 
v/v), and the total chromatographic run time was 
fixed at 12 minutes. 
Preparation of Standard Stock Solution 
The standard stock solution was prepared by 
accurately weighing 0.5 mg of Zavegepant 
standard and transferring it into a 10 mL 
volumetric flask. The drug was dissolved in a 
small quantity of acetonitrile:water (1:1 v/v), and 
the volume was made up to the mark using the 
same diluent to obtain a final concentration of 50 
µg/mL. 
Preparation of Secondary Stock Solution 
From the prepared standard stock solution, 0.2 mL 
was transferred into a 10 mL volumetric flask and 
diluted up to the mark with the diluent to obtain a 
secondary stock solution having a concentration of 
1 µg/mL. This solution was further utilized for 
preparation of calibration and validation solutions. 
Preparation of Sample Solution (Zavzpret) 
The sample solution was prepared by accurately 
transferring the contents equivalent to not less 
than ten actuations of Zavzpret nasal spray into a 
calibrated volumetric flask to ensure 
representative sampling. The combined weight of 
the formulation was recorded, and an amount 
equivalent to approximately 10 mg of Zavegepant 
was quantitatively transferred into a 100 mL 
volumetric flask. About 70 mL of 
acetonitrile:water (1:1 v/v) diluent was added, and 
the mixture was sonicated for 15 minutes with 
intermittent shaking to ensure complete extraction 
of the drug from the formulation matrix. The 
solution was cooled to room temperature and 
diluted to volume with the same diluent to obtain a 
stock solution of approximately 100 µg/mL. 
Further, 5 mL of this stock solution was 
transferred into a 10 mL volumetric flask and 
diluted with diluent to obtain a working 
concentration of 50 µg/mL. The final solution was 
filtered through a 0.45 µm membrane filter, 
discarding the initial few milliliters of filtrate, and 
the filtered solution was transferred into an HPLC 
vial for chromatographic analysis. 
 
Preparation of Linearity Solutions 
Linearity solutions were prepared from the 
secondary stock solution by transferring aliquots 
of 0.20 mL, 0.30 mL, 0.40 mL, 0.50 mL, 0.60 mL, 
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and 0.75 mL into individual volumetric containers 
and making up the volume with diluent. This yielded 
final concentrations of 0.2 ppm, 0.3 ppm, 0.4 ppm, 
0.5 ppm, 0.6 ppm, and 0.75 ppm, respectively, which 
were used for the construction of the calibration 
curve and evaluation of linearity. 
Preparation of Accuracy Solutions 
Accuracy studies were performed using the standard 
addition method at three concentration levels 
corresponding to 50%, 100%, and 150%. For the 50% 
level, 1 mL of 0.2 µg/mL pure standard solution was 
mixed with 1 mL of 0.4 µg/mL Zavzpret sample 
solution. For the 100% level, 1 mL of 0.4 µg/mL pure 
standard solution was combined with 1 mL of 0.4 
µg/mL sample solution. Similarly, the 150% level 
was prepared by mixing 1 mL of 0.6 µg/mL pure 
standard solution with 1 mL of 0.4 µg/mL Zavzpret 
sample solution. These solutions were analyzed 
chromatographically to determine percentage 
recovery and assess the accuracy of the developed 
method . 
 
Preparation of LOD and LOQ Solutions 
For evaluation of the limit of detection (LOD) and 
limit of quantification (LOQ), working solutions of 
concentrations 0.1 µg/mL and 0.2 µg/mL, 
respectively, were prepared from the secondary stock 
solution. Appropriate aliquots of the secondary stock 
solution were transferred into volumetric containers 
and diluted with the diluent to obtain the desired 
concentrations. The prepared solutions were freshly 
analyzed by injecting them three times under 
optimized chromatographic conditions, and signal-to-
noise ratios were recorded for determination of 
sensitivity parameters. 
 
Preparation of Stability-Indicating Solutions 
Forced degradation studies were performed under 
acidic, basic, oxidative, and thermal stress conditions 
to evaluate the stability-indicating capability of the 
developed RP-HPLC method. For acidic degradation, 
5 mL of Zavegepant stock solution (50 µg/mL) was 
transferred into 50 mL of 0.1 N hydrochloric acid and 
incubated at 60°C for 2 hours. After degradation, the 
solution was cooled and neutralized using 0.1 N 
sodium hydroxide, diluted appropriately with diluent, 
filtered through a 0.22 µm membrane filter, and 
analyzed chromatographically. 
For alkaline degradation, 5 mL of Zavegepant stock 
solution (50 µg/mL) was treated with 50 mL of 0.1 N 

sodium hydroxide and incubated at 60°C for 2 
hours. After completion of degradation, the 
solution was neutralized using 0.1 N hydrochloric 
acid, diluted with diluent, filtered through a 0.22 
µm membrane filter, and subjected to 
chromatographic analysis. 
For oxidative degradation, 5 mL of Zavegepant 
stock solution was mixed with 50 mL of 3% 
hydrogen peroxide solution and kept at room 
temperature for 2 hours to induce oxidative stress. 
The solution was then diluted with diluent to the 
required concentration and filtered through a 0.22 
µm membrane filter before analysis. 
For thermal degradation, 1 mg of Zavegepant was 
exposed to dry heat at 105°C in a hot air oven for 
24 hours. Following exposure, 0.5 mg of the 
degraded sample was dissolved in 10 mL of 
diluent to obtain a concentration of 50 µg/mL. The 
solution was filtered through a 0.22 µm membrane 
filter and analyzed by HPLC. Each degraded 
sample was evaluated for peak purity and 
degradation behavior to confirm the stability-
indicating nature of the developed analytical 
method. 
 
RESULTS AND DISCUSSION 
The RP-HPLC method for estimation of 
Zavegepant was developed through a systematic 
optimization process involving multiple 
chromatographic trials to obtain a sharp, 
symmetrical, and well-resolved peak with 
acceptable system suitability parameters. During 
the first assessment, chromatographic separation 
was attempted using a YMC Accura Triart C18 
column (150 × 4.6 mm, 5.0 µm) with a mobile 
phase consisting of 10 mM ammonium acetate in 
water and acetonitrile (20:80 v/v) at a flow rate of 
0.8 mL/min. Under these conditions, the 
chromatogram exhibited a blunt peak lacking 
symmetry, indicating unsatisfactory 
chromatographic performance Figure 2.  
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Figure 2: Tracking of Zavegepant’s first assessment 

In the second assessment, the mobile phase 
composition was modified to ammonium acetate in 
water and acetonitrile (70:30 v/v) at a flow rate of 0.7 
mL/min. Although peak formation improved, 
significant tailing at the peak base was observed, 
suggesting inadequate optimization Figure 3. Further 
optimization was performed using a YMC Accura 
Triart Bio C4 column (250 × 4.6 mm, 5.0 µm) with a 
mobile phase consisting of 10 mM ammonium 
bicarbonate in water and acetonitrile (65:35 v/v), 
maintaining a flow rate of 0.7 mL/min and column 
oven temperature of 35°C. Under these optimized 
chromatographic conditions, a sharp, symmetrical 
peak with improved peak shape, stable baseline, and 
satisfactory retention behavior was obtained, and the 
method was finalized for validation studies Figure 4. 

 
Figure 3: Tracking of Zavegepant’s second 

assessment 
 

 
Figure 4: Tracking of third assessment, additional 

adjustments were finalized to the process 
parameters 

 
System suitability 
System suitability studies demonstrated excellent 
chromatographic reproducibility and instrument 
performance for Zavegepant. Six replicate 
injections at a concentration of 50 µg/mL showed 
retention times ranging from 5.909 to 5.920 
minutes with an average retention time of 5.916 
minutes and %RSD of 0.093%. The average peak 
area was found to be 1,350,897 with %RSD of 
0.083%, indicating excellent injector precision and 
detector response consistency. The average tailing 
factor and theoretical plate count were 1.485 and 
3776, respectively, confirming acceptable peak 
symmetry and good column efficiency. These 
findings are summarized in Table 1. 

Table 1:System Success Statistics accompanied 
(n=6) 

 
Data File 
Name 

Sample 
ID 

Ret. 
Time 

Area Tailing 
Factor 

NTP 

04022026_002.lcd Blank 0.000 0 -- --

04022026_003.lcd Inj_01 5.920 1349698 1.498 3789 

04022026_004.lcd Inj_02 5.920 1352398 1.481 3785 

04022026_005.lcd Inj_03 5.920 1350153 1.456 3795 

04022026_006.lcd Inj_04 5.920 1351438 1.445 3776 

04022026_007.lcd Inj_05 5.909 1349935 1.521 3757 

04022026_008.lcd Inj_06 5.909 1351761 1.506 3756 

Average  5.916 1350897 1.485 3776 

%RSD  0.093 0.083 1.997 0.435 

Standard 
Deviation 

 0.006 1115 0.030 16 
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Specificity 
Specificity studies confirmed the absence of 
interference from blank and diluent at the retention 
time of Zavegepant. The chromatograms obtained 
from blank and standard solutions revealed complete 
separation of the analyte peak from background 
signals, thereby demonstrating excellent selectivity of 
the developed method. These observations are 
represented in Figures 5 and 6. 
 

 
Figure 5: Accomplishment of (Acn:Water) 

 

 
Figure 6: Accomplishment of Zavegepant 

 
Precision 
Precision studies indicated that the developed method 
possesses excellent repeatability and intermediate 
precision. Intra-day precision studies produced an 
average retention time of 5.916 minutes with %RSD 
of 0.083% for peak area, whereas inter-day precision 
studies yielded an average retention time of 5.890 
minutes with %RSD of 0.068% for peak area. 
Theoretical plate counts and tailing factors remained 
within acceptable limits throughout the analysis, 
confirming stable chromatographic performance. 
These results are presented in Table 2 and Table 3. 

 
 
 
 

Table 2:  Accomplishment in steady 
injections 

Data File 
Name 

Ret. 
Time 

Area Tailing 
Factor 

NTP 

04022026_002.lcd 0.000 0 -- -- 

04022026_003.lcd 5.920 1349698 1.498 3789 

04022026_004.lcd 5.920 1352398 1.481 3785 

04022026_005.lcd 5.920 1350153 1.456 3795 

04022026_006.lcd 5.920 1351438 1.445 3776 

04022026_007.lcd 5.909 1349935 1.521 3757 

04022026_008.lcd 5.909 1351761 1.506 3756 

Average 5.916 1350897 1.485 3776 

%RSD 0.093 0.083 1.997 0.435 

Standard Deviation 0.006 1115 0.030 16 

 
Table 3:  Accomplishment in arbitrary 

injections 
 

Data File Name Ret. 
Time 

Area Taili
ng 
Fact
or 

NTP 

04022026_056.lcd 0.000 0 -- --

04022026_057.lcd 5.888 1343669 1.503 3629 

04022026_058.lcd 5.888 1345627 1.515 3631 

04022026_059.lcd 5.888 1345607 1.533 3638 

04022026_060.lcd 5.888 1345008 1.547 3642 

04022026_061.lcd 5.888 1343920 1.557 3639 

04022026_062.lcd 5.899 1345717 1.475 3649 

Average 5.890 1344925 1.522 3638 

%RSD 0.074 0.068 1.993 0.200 

Standard Deviation 0.004 914 0.030 7 

 
Linearity 
Linearity studies demonstrated a direct 
proportional relationship between concentration 
and detector response over the concentration range 
of 0.2–0.75 µg/mL as in figure 7. Peak areas 
progressively increased from 5912 to 16472 as 
concentration increased across six calibration 
levels. The calibration plot exhibited excellent 
linear response with highly consistent retention 
times ranging between 5.920 and 5.952 minutes. 
The average retention time was 5.937 minutes 
with %RSD of 0.186%, confirming stable 
chromatographic behavior throughout the linearity 
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range. The obtained linearity data are summarized in 
Table 4. 

Table 4: Extensive availability Vs Concentration 

 
 

Figure 7: An Ordinal contour across 0.2-0.75 
μg/mL 

Sensitivity 
The sensitivity of the method was established through 
determination of the limit of detection (LOD) and 
limit of quantification (LOQ). At the LOQ level, the 
retention time remained constant at 5.909 minutes 
with an average peak area of 3844 and %RSD of 
1.568%. The average signal-to-noise ratio was found 
to be 15.29, confirming reliable quantification 
capability. At the LOD level, retention times ranged 
from 5.899 to 5.909 minutes with an average peak 
area of 1845 and %RSD of 4.546%. The average 
signal-to-noise ratio at the LOD level was 7.73, 
demonstrating reliable detection of the analyte at 
trace levels. These results are summarized in Table 5 
and Table 6. 

 
Table 5: A Measure of Method Sensitivity: 

Defining the Thresholds for Zavegepant 
Quantification 

Data File Name Ret. Time Area NTP S/N 

04022026_028.lcd 0.000 0 -- 0.00 

04022026_029.lcd 5.909 3871 4045 11.61 

04022026_030.lcd 5.909 3775 4120 17.18 

04022026_031.lcd 5.909 3886 4046 17.07 

Average 5.909 3844 4070 15.29 

%RSD 0.000 1.568 1.051 20.859 

Standard Deviation 0.000 60 43 3.19 

 
Table 6: A Measure of Method Sensitivity: 

Defining the Thresholds for Zavegepant Detection  

Data File 
Name 

Ret. 
Time 

Area NTP S/N 

04022026_032.l
cd 

0.000 0 -- 0.00 

04022026_033.l
cd 

5.899 1754 4408 3.81 

04022026_034.l
cd 

5.909 1919 4088 9.54 

04022026_035.l
cd 

5.909 1861 4408 9.85 

Average 5.906 1845 4301 7.73 

%RSD 0.104 4.546 4.297 43.995 

Standard 
Deviation 

0.006 84 185 3.40 

 
Accuracy 
Accuracy studies performed using the standard 
addition method showed excellent percentage 
recoveries at all concentration levels. The average 
recoveries at 50%, 100%, and 150% levels were 
found to be 100.83%, 100.46%, and 101.16%, 
respectively. The low %RSD values confirmed the 
precision and reliability of the recovery studies, 
indicating absence of significant matrix 
interference and excellent method accuracy. These 
findings are summarized in Table 7. 
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Table 7: Readings for recovered Zavegepant 

 
PS x Zavzpret 

y RAy1 

 

50% 
0.2 0.4 

100.9 100.83z 

100.1 0.7023z1 
101.5 0.696z2 

100% 
0.4 0.4 

100.3 100.46z 
101.7 1.159z1 
99.4 1.153z2 

150% 
0.6 0.4 

101.0  101.16z 
100.9 0.3785z1 
101.6 0.374z2 

x concentration of pure substance spiked;y concentration of 
Zavzpret;y1 recovered quantity of Zavegepant API; z Mean 

(n=3); z1 Standard Deviation; z2% Relative standard 
Deviation; 

 
Robustness 
Robustness studies demonstrated that deliberate 
variations in chromatographic conditions did not 
significantly affect analytical performance. Variation 
in flow rate to 0.6 mL/min resulted in an average 
retention time of 6.848 minutes and %RSD of 0.046% 
for peak area, while increasing the flow rate to 0.8 

mL/min produced an average retention time of 
5.141 minutes and %RSD of 0.084%. Similarly, 
changes in column oven temperature to 40°C and 
30°C produced retention times of 5.888 and 5.867 
minutes, respectively, with acceptable peak 
symmetry and column efficiency. These results 
confirmed the robustness and reliability of the 
developed method under varied chromatographic 
conditions. The robustness data are summarized in 
Tables 8-9. 

 
Table 8: Condensed pace of flow is gauged by the 

equipment's execution (0.6 mL/min) 
 

Data File 
Name 

Ret. 
Time 

Area NTP Taili
ng 

Facto
r 

04022026_040.lcd 0.000 0 -- -- 

04022026_041.lcd 6.848 1616095 3689 1.540 

04022026_042.lcd 6.848 1614615 3689 1.517 

04022026_043.lcd 6.848 1615193 3691 1.551 

Average 6.848 1615301 3690 1.536 

%RSD 0.000 0.046 0.024 1.121 

Standard 
Deviation 

0.000 746 1 0.017 

 
Table 9: Strengthened flow is gauged by the 

equipment's execution (0.8 mL/min). 
Data File 

Name 

Ret. 
Time 

Area NTP Tailing 
Factor 

04022026_044.lcd 0.000 0 -- -- 

04022026_045.lcd 5.141 1220660 3501 1.516 

04022026_046.lcd 5.141 1220610 3518 1.514 

04022026_047.lcd 5.141 1218850 3505 1.522 

Average 5.141 1220040 3508 1.517 

%RSD 0.000 0.084 0.249 0.292 

Standard 
Deviation 

0.000 1031 9 0.004 

 
Ruggedness 
Ruggedness studies performed using different 
analysts and chromatographic systems 
demonstrated excellent reproducibility of the 
developed method. Retention times, peak areas, 
tailing factors, and theoretical plate counts 
remained within acceptable limits, confirming the 
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consistency of the analytical procedure across 
varying operational conditions. The obtained 
ruggedness data on change n column oven 
temperature are summarized in Table 10 and Table 
11 whereas change n column and performance by 
different analyst are displayed n Table 12 and Table 
13. 
Table 10: The equipment's efficacy checks for hike in 

column oven temperature.( +5℃) 

Data File Name Ret. 
Time 

Area NTP Tailing
Factor 

04022026_052.lcd 0.000 0 -- -- 

04022026_053.lcd 5.888 1391773 3742 1.492 

04022026_054.lcd 5.888 1393204 3752 1.501 

04022026_055.lcd 5.888 1394150 3759 1.499 

Average 5.888 1393043 3751 1.497 

%RSD 0.000 0.086 0.234 0.313 

Standard Deviation 0.000 1197 9 0.005 

 
Table 11:The equipment's efficacy checks for 

depreciation in column oven temperature.( -5℃) 

Data File Name Ret. 
Time 

Area NTP Tailing
Factor 

04022026_048.lcd 0.000 0 -- -- 

04022026_049.lcd 5.867 1394801 3425 1.529 

04022026_050.lcd 5.867 1395423 3417 1.512 

04022026_051.lcd 5.867 1396583 3425 1.530 

Average 5.867 1395602 3423 1.524 

%RSD 0.000 0.065 0.135 0.674 

Standard Deviation 0.000 904 5 0.010 

 
Table 12: Evidence related to multiple specimens 

harboring operator I has ingested on YMC Triat (250 
× 4.6 mm, 5 μm) 

Data File NameRet. Time Area Tailing Factor NTP 

04022026_056.lcd 0.000 0 -- -- 

04022026_057.lcd 5.888 1343669 1.503 3629 

04022026_058.lcd 5.888 1345627 1.515 3631 

04022026_059.lcd 5.888 1345607 1.533 3638 

04022026_060.lcd 5.888 1345008 1.547 3642 

04022026_061.lcd 5.888 1343920 1.557 3639 

04022026_062.lcd 5.899 1345717 1.475 3649 

Average 5.890 1344925 1.522 3638 

%RSD 0.074 0.068 1.993 0.200 

Standard Deviation 0.004 914 0.030 7 

 

Table 13: Evidence related to multiple specimens 
harboring operator II has ingested on YMC Pack 

Pro ODS AS (4.6*250)mm, 5µm 
Data File 

Name 
Ret. 
Time 

Area Tailing 
Factor 

NTP 

04022026_002.lcd 0.000 0 -- -- 

04022026_003.lcd 5.920 1349698 1.498 3789 

04022026_004.lcd 5.920 1352398 1.481 3785 

04022026_005.lcd 5.920 1350153 1.456 3795 

04022026_006.lcd 5.920 1351438 1.445 3776 

04022026_007.lcd 5.909 1349935 1.521 3757 

04022026_008.lcd 5.909 1351761 1.506 3756 

Average 5.916 1350897 1.485 3776 

%RSD 0.093 0.083 1.997 0.435 

Standard Deviation 0.006 1115 0.030 16 

 
Assessing Zavegepant in Zavzpret 
To make an estimate, a sample was injected into 
an HPLC at a concentration of 50 μg/ml and the 
following calculations were applied. 

 
1349698 0.5 1 100 1 99.7 10 

1352398 10 1 4.95 1 100 10 
 
=0.998003546*0.05* 1*20* 1*0.997* 1 
 
 =0.995009536*100 = 99.5009 % 
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Figure 8: Showing the total amount of Zavegepant 
benchmark input and Total Accomplishment 

 
 

Figure 9: Showing the total amount of Zavzpret 10 
mg nasal spray input and Total Accomplishment 

 
Forced degradation studies 
Forced degradation studies under acidic, alkaline, 
oxidative, and thermal stress conditions demonstrated 
the stability-indicating capability of the developed 
RP-HPLC method. The chromatograms revealed 
distinct separation between Zavegepant and its 
degradation products under all stress conditions, 
confirming method specificity. Acidic and alkaline 
degradation studies showed moderate degradation 
with retention of analyte peak integrity a in figure 10 
& 11, while oxidative degradation produced 
comparatively higher degradation due to exposure to 
hydrogen peroxide as shown in figure 12 & 13. 
Thermal degradation studies indicated that the drug 
exhibited acceptable stability under dry heat 
conditions. No interference from degradation 
products was observed at the retention time of 
Zavegepant, thereby confirming the selectivity and 
stability-indicating nature of the developed analytical 
method. The degradation chromatograms 
corresponding to various stress conditions confirmed 
effective separation and reliable quantification of 
Zavegepant in the presence of degradation 
products.Overall, the developed RP-HPLC method 
demonstrated excellent specificity, precision, 
linearity, accuracy, sensitivity, robustness, 
ruggedness, and stability-indicating capability for 
quantitative estimation of Zavegepant in bulk drug 
and marketed formulation. The chromatographic 
results and validation parameters confirmed that the 
developed analytical method is simple, reliable, 
reproducible, and suitable for routine quality control 
and stability analysis of Zavegepant pharmaceutical 
formulations. 

Figure 
10: Depiction of Zavegepant by acid depletion 

 

Figure 11: Depiction of Zavegepant by base 
depletion 



International Journal of Advanced Multidisciplinary Research and Educational Development 
Volume 2, Issue 3 | May – June 2026 | www.ijamred.com 

ISSN: 3107-6513 
 

 
 
 

215 
 

 
Figure 12: Depiction of Zavegepant by peroxide 

depletion 

 

Figure 13: Depiction of Zavegepant by thermal 
depletion 

 
 

CONCLUSION 
The present study successfully developed and 
validated a simple, rapid, precise, accurate, robust, 
rugged, and stability-indicating RP-HPLC method 
for the estimation of Zavegepant in bulk drug and 
Zavzpret nasal spray in accordance with ICH 
Q2(R2) guidelines. The optimized 
chromatographic conditions employed a YMC 
Accura Triart Bio C4 column (250 × 4.6 mm, 5 
µm) with a mobile phase consisting of 10 mM 
ammonium bicarbonate in water and acetonitrile 
(65:35 v/v) at a flow rate of 0.7 mL/min, PDA 
detection at 220 nm, and a column temperature of 
35°C. Under these optimized conditions, 
Zavegepant exhibited a sharp and symmetrical 
peak with a retention time of approximately 5.92 
minutes. System suitability studies demonstrated 
excellent chromatographic reproducibility with an 
average retention time of 5.916 minutes, peak area 
of 1350897, tailing factor of 1.485, theoretical 
plate count of 3776, and %RSD for peak area of 
0.083%, confirming reliable chromatographic 
performance. Specificity studies revealed no 
interference from blank or diluent, while precision 
studies demonstrated excellent repeatability and 
intermediate precision with %RSD values below 
2%. The method exhibited good linearity over the 
concentration range of 0.2–0.75 µg/mL with 
concentration-dependent detector response and 
consistent retention times between 5.920 and 
5.952 minutes. Sensitivity studies established 
reliable detection and quantification with average 
signal-to-noise ratios of 7.73 for LOD and 15.29 
for LOQ. Accuracy studies showed excellent 
recoveries of 100.83%, 100.46%, and 101.16% at 
50%, 100%, and 150% levels, respectively, 
confirming the correctness of the developed 
method. Robustness studies under deliberate 
variations in flow rate and column temperature 
demonstrated stable chromatographic performance 
with acceptable retention time, peak area, tailing 
factor, and theoretical plate count values. 
Ruggedness studies performed using different 
analysts and chromatographic systems confirmed 
excellent reproducibility of the method. The assay 
of Zavzpret nasal spray showed 99.50% drug 
content, demonstrating the applicability of the 
method for routine pharmaceutical analysis. 
Forced degradation studies indicated significant 
degradation under acidic conditions with 
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degradant peaks at retention times of 4.885, 5.579, 
and 5.995 minutes, moderate oxidative degradation 
with a degradant peak at 5.483 minutes, and good 
stability under alkaline and thermal stress conditions. 
The developed RP-HPLC method effectively 
separated degradation products from the analyte peak, 
thereby confirming its stability-indicating capability. 
Overall, the proposed analytical method was found to 
be reliable, sensitive, reproducible, and highly 
suitable for routine quality control analysis and 
stability studies of Zavegepant pharmaceutical 
formulations. 
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