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ABSTRACT 

Objective: An isocratic elution method for the determination of Nitroxynil (NTX), its related substances was developed and validated as per ICH 
guidelines.  

Methods: The process impurity4-Hydroxy-3-nitrobenzonitrile (NTX impurity-1) and key starting material 4-cyanophenol (4-CP) along with NTX 
were separated using a 50: 50%v/v composition of acetonitrile and 1% Orthophosphoric acid solution as mobile phase at a flow rate of 1 ml/min 
under isocratic mode. Separation was achieved on a Kromasil Eternity XT C18,4.6×250 mm, 5µ within a 30 min run time. The detection was made 
using a photo diode array detector and quantification was carried out at 244 nm. Forced degradation study was also conducted to confirm the 
specificity of the method. The method was found to be robust and rugged and complied with ICH guidelines.  

Results: The calibration curve ranged from 0.5 – 7.5 ppm for NTX and its impurities. The Limit of Detection (LOD) for NTX is 0.09 ppm and Limit Of 
Quantification (LOQ) was 0.28 ppm. The LOD for NTX impurity-1 and 4-CP were 0.02 and 0.04 ppm, respectively, while the corresponding LOQ 
values were 0.06 and 0.13 ppm. In samples spiked with NTX and its impurities, the mean recovery was approximately 102.5±2%.  

Conclusion: The method confirms its stability indicating nature was successfully applied for quality evaluation of NTX in bulk API. The method was 
validated as per guidelines of the International Conference on Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH). 
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INTRODUCTION 

Nitroxynil (4-hydroxy-3-iodo-5-nitrobenzenonitrile, NTX) (fig. 1) is 
a widely used anthelmintic drug in veterinary medicine, primarily 
for the prevention and treatment of hepatic distomatosis. It is 
particularly effective in controlling fascioliasis, a parasitic infection 
caused by Fasciola hepatica in cattle and sheep, and exhibits strong 
antiparasitic properties [1, 2]. Compared to other fasciolicides, NTX 
is more effective against both immature and adult liver flukes [3, 4]. 
However, drug residues in food products are a growing concern, as 
they can cause allergic reactions in sensitive individuals or 
contribute to the development of antibiotic-resistant bacterial 
strains [5, 6]. The European Commission in its regulation No. 
997/1999, has established the Maximum Residue Limits (MRLs) for 
NTX in bovine and ovine muscle, fat, liver, and kidney at 400, 200, 
20, and 400 μg/kg, respectively [7]. 

Earlier literature for the determination of NTX involved techniques 
such as Liquid chromatography [8-10], gas chromatography [11-13], 
spectrofluorometry [14], immunobiosensors [15], 
immunochromatographic strips [16], polarography [17-21], and 
voltammetry [22, 23]. Square wave voltammetry (SWV) technique 

using Carbon Paste Electrodes (CPE) was also reported [24]. These 
methods are mostly non-specific and did not cover quantification of 
impurities. Till date, there is no published method for the 
simultaneous determination of NTX and its related substances. 
There is sufficient evidence of pharmaceutical drug substances 
and/or impurities percolating from animals to humans or other 
species, finally damaging the ecological health [26, 27]. As a control 
measure, the ICH Q3A has provided guidance on the reporting 
thresholds for impurities in new drug substances based on the 
maximum daily dose (MDD) [28]. For MDD<2 g/day, the threshold is 
0.05% or 1 mg, whichever is lower. For MDD>2g/day, the threshold 
is 0.03% [29]. Hence, our study was aimed to cover the 
determination of NTX and its impurities in the final Active 
Pharmaceutical Ingredient (API).  

During synthesis, 4-Cyano phenol (4-CP) (fig. 1) was used as a key 
starting material whose residues are likely to be carried into the 
final product. Also, NTX impurity-1 (fig. 1) is also reported as a 
process impurity. The present study aimed for the development and 
validation of a Reverse Phase High-Performance Liquid 
Chromatography (RP-HPLC) method for the determination of 4-CP, 
NTX impurity-1 and NTX as per ICH guidelines [25]. 

 

   

Fig. 1a –NTX Fig. 1b – 4-Cyano Phenol (4-CP) Fig. 1c – Structure of NTX impurity-1 

Fig. 1: NTX and its related substances 
 

MATERIALS AND METHODS 

Instrumentation 

Separation of NTX and its impurities was done by the RP-HPLC 
method [31, 32]. A Shimadzu LC 2010 equipped with a column 

temperature oven, autoinjector and PDA detector was used for the 
study. Data acquisition was facilitated using a LC Solutions software. 
Kromasil Eternity XT C18,4.6×250 mm, 5µ or equivalent was used. 
The injection volume is set at 20µl*. pH meter (Lab India make), 
Analytical balance (Mettler Toledo; Sensitivity 0.01 mg), 
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ultrasonicator (Sonics make) were used for the study. Class A 
glassware was used throughout the study. 

Standards, chemicals and reagents 

Reference standards of NTX (potency 100.28% w/w) and working 
standards of 4-CP (potency>99% w/w), NTX impurity-1 (potency 99.5% 
w/w) were gifted samples from M/s NGL Finechem Ltd, Mumbai. Milli-Q 
water was used for solution preparation. Solvents were of HPLC grade 
and purchased from Merck Ltd. Chemicals for preparation of buffers 
were of the highest grade and sourced from Merck Ltd. 

Preparation of analytical solutions 

Mobile phase 

A 50:50 %v/v solution of acetonitrile and 1% v/v orthophosphoric 
acid in water was prepared, mixed thoroughly and then sonicated to 
remove any dissolved gases. The mixture was then filtered through 
0.22µ membrane filter and used as the mobile phase for the 
separation. Dilutions were prepared using the mobile phase. 

Preparation of standard solutions 

Standard stock solutions of NTX and related substances were 
prepared separately using the mobile phase such that the final 
concentration is 100 parts per million (ppm). 5 ml (millilitre) of each 
of these stock solutions was transferred into a 100 ml volumetric 
flask and made up with mobile phase to obtain a 5 ppm mixture 
solution. This solution is treated as the system suitability solution or 
100% reference standard solution. 

Preparation of sample solutions 

Approximately 50 mg of the test substance is weighed and dissolved 
in 50 ml of mobile phase. This sample solution is suitably diluted 
before analysis as such or spiked with impurities solutions for 
evaluating various validation parameters. 

Chromatographic separation and quantitation 

An isocratic flow rate of 1.4 ml/min was best suited for the separation. 
Peak responses were quantified at 244 nm for NTX and related 
substances using a photodiode array detector. Chromatographic 
separation of all the known and unknown impurities was achieved 
using a Kromasil Eternity XT C18,4.6×250 mm, 5µ column. 

Method validation 

System suitability testing (SST) 

The reference standard solution (treated as 100% level) was used for 
the evaluation of SST. The results are treated acceptable if the percent 
Relative Standard Deviation (%RSD) of 6 replicate injections for peak 
area is within 2%, the mean theoretical plates is Not Less Than (NLT) 
2000, tailing factor (Tf) Not More Than (NMT) 2.0 and resolution is 
NLT 2.0. A blank sample at the beginning of the injection sequence was 
analysed to check interference due to solutions. The sequence also 
contained a blank sample at the end to ascertain any carryover effect. 
Bracketing standards to assess system’s performance during the 
sequence were placed intermittently. 

Specificity and forced degradation products 

Specificity due to impurities and related substances 

The specificity of an analytical method is defined as the absence of 
interference due to impurities, related substances and/or degradation 
products at the retention time of the peaks under study. This 
interference sometimes can also be in the form of peak response 
amplification or attenuation caused by co-analytes, impurities, 
degradation products or pH buffers in solution. Evaluation of specificity 
is the prerequisite for method validation. In this study, the effect of 
forced degradation was also included as a part of specificity. 

Individual standard solutions of NTX and its impurities at 100% 
level and LOQ concentrations are analysed initially. The sample 
solution was also analysed separately to check the presence of 
known and unknown impurities. 

Specificity due to forced degradation products 

For forced degradation, the sample solution is regarded as the 
untreated sample and used for comparison. Similar quantities as taken 
for sample solution were separately weighted into volumetric flasks 
and initially treated with HCl (0.1M, 0.5M), NaOH (0.1M, 0.5M) and 
H2O2 (3%, 5%). The volumetric flasks are then placed in a water bath 
at 55 °C for 1 hour to allow degradation. After the exposure time, the 
volume is made up with mobile phase solution and analysed. To study 
the effect of thermal stress, sample is initially placed in a hot air oven 
at 105 C for 6 h. This sample is then made up to volume. For photolytic 
degradation, samples are exposed to an overall illumination of not less 
than 1.2 million lux hours with an illumination of 200-Watt hours/m2. 
The results are compared with those of the untreated sample exposed 
to diffused daylight and also with the sample solution placed in an 
amber-colored volumetric flask.  

To study the combined effect of relative humidity (RH) and 
temperature, the sample is placed for 24 h in a 40 °C/75% RH stability 
chamber. This sample is compared with that of the untreated sample. 
The peak purity is also verified for each of the samples. The mass 
balance was also determined after the degradation. 

For specificity, the results are considered acceptable if none of the 
impurities, related substances and/or degradation products 
interfere with the peak responses of NTX and the known impurities. 
Also, the response obtained in the untreated sample mixture should 
be comparable with that of the peak response obtained in individual 
analytes. The relative retention times in the LOQ and reference 
solutions shall be similar to that of the sample solution. The 
theoretical plates for the peaks of interest is not less than (NLT) 
2000, tailing factor (Tf) NMT 2.0 and resolution is NLT 2.0.  

Stability of solutions 

Room temperature (25±2 °C) stability for 24 h and refrigerated 
stability (8±2 °C) for 1 w was conducted using reference standard 
solutions. The results are compared with freshly prepared solutions 
of similar concentration. A correction factor is applied to 
compensate for weight variations (if any). 

Linearity and range 

Calibration curve in the range of LOQ-150% level was plotted. The 
linear calibration standard solutions contained a mixture NTX and 
its impurities at 10%, 20%, 30%, 50%, 80%, 100%, 120% and 150% 
of the standard concentration. LOQ was determined as described in 
further section of this manuscript. Linearity is treated as acceptable 
if the regression coefficient (r2) is NLT 0.99 for each of the analytes. 
Also, the %RSD for triplicate measurements at each concentration is 
NMT 2.0% for NTX and NMT 5% for known impurities. 

Precision 

System precision was performed using a 100% solution. 6 replicate 
injections of the 100% reference solution were injected and the data 
is tabulated. 

For method precision, 6 separate test substance solutions were 
prepared and analysed. To verify the repeatability in response for the 
known and unknown impurities, spiked studies were also conducted. 
12 test substance solutions were prepared of which 6 preparations are 
spiked with impurities equivalent to that of the specification limit. The 
remaining 6 preparations were spiked with LOQ concentrations of the 
same impurities into the test substance solution. The data is treated as 
satisfying if the %RSD of the peak responses for known and unknown 
impurities is within 10% at all levels. 

Intermediate precision was performed similarly as that of method 
precision on a different instrument, different column by a different 
qualified analyst. 

Accuracy/recovery studies 

Standard solutions containing NTX along with impurities were 
prepared at LOQ, 50%, 100% and 150% levels. The solutions were 
analysed. Equivalent quantities of individual impurities are spiked in 
Test substance such that the level of impurity matches with that of 
the reference solution. The % Recovery is calculated by taking the 
ratio of the area responses in the spiked samples to that obtained in 
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the reference solution of the corresponding concentration. SST was 
performed before the activity. All measurements are conducted in 
triplicate. The % recovery of NTX along with its known and 
unknown impurities, was calculated. The data is treated as 
acceptable if the % recovery is within ±15% of their nominal value. 

Detection and quantification limits 

The LOD and LOQ are determined by preparing solutions of 10%, 
20%, 30%, 50% and 80% to the specification limit. A linear graph is 
then plotted to find the slope and standard deviation of the replicate 
measurements. LOD = 3.3 σ/slope and LOQ = 10 σ/slope. (N=3). 
After obtaining theoretical LOD and LOQ values, solutions at 
concentrations lower than those obtained theoretically were 
prepared and tested for repeatability and accuracy (n=3). 

Robustness 

The effect of intentional variation on the overall chromatographic 
separation is studied. The effect of flow variation (1.4±0.2 ml/min), 
column temperature oven variation (30±5 °C) was studied. 

RESULTS 

Method development and method optimization 

Before proceeding for the full validation, we initially evaluated the 
stability of the individual impurity solutions and NTX. Bench-top 

room temperature stability studies for the solutions of NTX and 
related substances demonstrated good stability during handling and 
storage.  

In most of the conducted experiments, the peak parameters, such as 
tailing factor number of theoretical plates were unaltered. Hence, 
separation of 4-CP and NTX impurity-1 was most critical for the 
development. To achieve this separation, a gradient elution program 
was chosen. Higher carbon load columns, such as in Kromasil100 
(carbon load 20%), led to merging of 4-CP and NTX impurity-1 
peaks. Carbon load of 7% on a Waters Spherisorb column led to long 
retention times and unacceptable asymmetry factors for NTX and 
other impurities. Columns with carbon load of 14-15% were found 
suitable. Final confirmation was taken on a Kromasil Eternity XT C18 
column having 14% carbon load. 

The wavelength maximum (ƛmax) was determined using a double-
beam UV spectrophotometer. The ƛmax was found to be 244 nm. 
Hence, this wavelength was taken throughout the study.  

Method validation 

System suitability 

The results of the system suitability performed using the standard 
solution met the acceptance criteria for NTX and all its related 
substances and/or impurities. The results are given in table 1. 

 

Table 1: Results of system suitability 

Solution Rt Tf Resolution NTP 
4-CP 2.56±0.193 1.10±0.02 - 10265±213 
NTX Impurity 1 3.57±0.145 1.18±0.03 6.203±0.08 14738±346 
NTX 6.54±0.08 1.21±.0.02 16.44±0.12 18687±486 

Value mentioned are mean±standard deviation of n=6 

 

Specificity and forced degradation studies 

No interference was observed at the retention times of NTX and its 
impurities. The RRT of replicate injections was highly precise. In the 
current study, the observed degradation was verified for 
interference alone. No degradation products were formed beyond 

the reporting threshold limits of the ICH Q3 (R2) guideline [29]. The 
forced degradation studies confirmed that NTX is principally 
susceptible to alkaline stress. However, some degradation also 
occurred during acid treatment stress. The chromatograms for 
specificity and forced degradation are depicted in fig. 2a – 2f. The 
assay values after stress treatment were given in table 2. 

 

Table 2: Stress degradation studies on NTX 

Treatment % Assay Peak purity index 
As such 100.24 1.0000 
*Acid stress (0.5N HCl @ 60 C, 1 H) 95.67 1.0000 
*Base stress (0.5N NaOH @ 60 C, 1 H) 55.94 1.0000 
H2O2 stress(3% H2O2 in dark condition) 101.50 0.9999 
Thermal stress (105 C for 24 h) 99.57 1.0000 
Humidity stress(40 C/75% RH for 7 d) 99.73 1.0000 
Diffused Daylight (Ambient)  98.74 1.0000 
Fe2+stress 99.29 0.9999 

*Sample solution analysed after neutralization of the treated sample, * values mentioned are mean of n=3 

 

 

Fig. 2a: Chromatogram of the standard solution 
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Fig. 2b: Chromatogram for 4-CP 

 

 

Fig. 2c: Chromatogram of NTX impurity-1 

 

 

Fig. 2d: Chromatogram of test solution spiked with 4-CP and NTX impurity-1 

 

 

Fig. 2e: Chromatogram of the test substance 

 

Stability of solutions 

Results of bench top stability study and refrigerated study on 
reference standard solution were compared against freshly 

prepared standard solutions of the same concentration. The results 
indicate that NTX and its impurities are stable during the exposed 
duration and did not show any degradation in solution. The results 
are given in table 3. 
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Fig. 2f: Chromatogram of base stress sample 

 

 

Fig. 2g: Chromatogram of acid-treated sample 

 

Table 3: Stability of solutions at room temperature and refrigerated conditions 

Limit 4-CP NTX impurity 1 Unknown impurity Total impurity 
NMT 0.5% NMT 0.5% NMT 0.20% NMT 1.0% 

5±3 C (after 24 h) 0.01 % N. D 0.08 % 0.15 % 
5±3 C (after 48 h) 0.01% N. D 0.08 % 0.15 % 
5±3 C (after 72 h) 0.01 % N. D 0.08 % 0.17 % 
25±3 C (after 24 h) 0.01 % N. D 0.09 % 0.21 % 
25±3 C (after 48 h) 0.01% N. D 0.09 % 0.16 % 
25±3 C (after 72 h) 0.01 % N. D 0.09 % 0.15 % 

*N.D. – Not Detected; *values mentioned are mean of n=3 

 

Linearity and range 

After ascertaining the stability of NTX and known impurities, and 
also confirming the absence of degradation due to photolytic stress, 

the calibration standards for linearity were prepared. The linearity 
experiment was performed in triplicate. The results are given in 
table 4. The calibration plots of concentration (ppm) versus peak 
area for each of the analytes is shown in fig. 3a-3c. 

 

 

Fig. 3a: Linear calibration curve for 4-CP 
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Table 4: Results of linearity for NTX and its impurities 

Analyte Range of the calibration curve (10%-150%) in ppm Equation of the best-fit line  R2 
4-CP 0.5 – 7.5 Y=131112X+15411.4 0.9994 
NTX impurity 1 0.5 – 7.5 Y=91038x+925.52 0.9943 
NTX 0.5 – 7.5 Y=46978x+1502.2 0.9991 

 

 

Fig. 3b: Linear calibration curve for NTX impurity-1 

 

 

Fig. 3c: Linear calibration curve for NTX 

 

Precision 

The precision of the method determines the repeatability of a 
measurement and is usually expressed as the %RSD. Replicate 
measurements (n=6) of responses for all the analytes was taken, and 
the % RSD was calculated. The data is compared among the standard 

solution, solutions of the test substance, solutions spiked with 100% 
level of impurity standard into test substance and solutions spiked 
with LOQ levels of impurity standard into test substance solutions. 
Results of method precision were given below. Intermediate 
precision metal the acceptance criteria on a different equipment 
with a different analyst. The results are tabulated in table 5. 

 

Table 5: Results of precision 

Precision Standard Test substance 100% impurity spiked solution LOQ level spiked solution 
4-CP 0.01 0.01 0.07 0.08 
NTX Impurity 1 0.01 N. D 0.05 0.066 
NTX 0.01 0.02 0.08 0.03 
SMUI 0.00 0.07 0.04 0.06 
Total Impurities 0.04 0.14 0.16 0.21 

*N. D – not detected, SMUI-Single maximum unknown impurity; values are for n=6 observations 

 

Accuracy/Recovery studies 

Known amounts of the impurity standard solutions are spiked into 
test substances at LLOQ, 50%, 100% and 150% levels and analysed. 
Similarly, standard of equivalent concentrations were also analysed. 
The responses are compared. Recovery is the ability of the method 
to determine the composition of the analyte in presence of matrix 
components in solution. The results are tabulated in table 6. 

Detection and quantification limits 

The LOQ was determined by preparing serial dilutions at 10%, 20%, 
30%, 50% and 80% of the specification limit. The slope and the overall 
standard deviation were calculated. Acceptable repeatability was 
found during replicate measurements. After obtaining the empirical 
values of LOD and LOQ we then prepared solutions individually and as 
a mixture in solution. The solutions are tested and the Signal-to-noise 
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ratio (S/N) was calculated. The results are tabulated in table 7 and the representative chromatograms for NTX are depicted in fig. 4a-4b. 

 

Table 6: Results of recovery at various levels 

 50% 100% 150% Overall 
4-CP 105.7±0.49 101.26±0.87 100.54±0.43 102.5±2.42 
NTX Impurity 1 105.71±0.43 101.27±0.75 100.45±0.4 102.48±2.44 
NTX 105.45±0.61 101.85±0.47 100.71±0.30 102.67±2.13 

*value mentioned are mean±standard deviation of n=3 

 

Table 7: Results of LOD and LOQ under the validated conditions 

Analyte LOD (ppm)  LOQ (ppm)  
4-CP 0.04 0.13 
NTX Impurity 1 0.021 0.065 
NTX 0.092 0.282 

*value mentioned are mean of n=3 

 

 

Fig. 4a: Chromatogram of NTX at LOD 

 

 

Fig. 4B: Chromatogram of NTX at LOQ 

 

At concentrations below the obtained LOD and LOQ measurement, 
the % RSD of replicate measurements was out of limit. The detection 
and quantification limits finalized are acceptable for compliance of 
the product. 

Robustness 

The results of robustness obtained after intentional variations in the 
chromatographic parameters were compared with those obtained 
under standard conditions of the method validation. The data such 
as relative retention time, tailing factor, theoretical plates, resolution 
and peak purity were evaluated. All the results are within 5%. The 
method can be concluded as robust. 

DISCUSSION 

NTX is a versatile active pharmaceutical ingredient (API) widely 
used in veterinary applications. To achieve consistent quality, it is 

imperative to control the overall purity and the residual impurities. 
NTX residues in fish by Liquid Chromatography-Tandem Mass 
Spectrometry (LC-MS/MS) [8], in cow milk using coulometric 
detection [9], and in animal tissues by LC-MS/MS [10] was reported 
earlier. Methods using immunobiosensors for determination of NTX 
in tissues and bovine milk were also reported [15]. Till date, no 
attempts were made to evaluate the process impurities and 
degradation products in NTX. The objective of our study was to 
develop and validate a sensitive and robust method for the 
estimation of NTX, its impurities and related substances in bulk API. 

Structural similarity between 4-CP and NTX-1 (4-hydroxy-3-
nitrobenzonitrile) is evident due to the presence of common 
functional groups such as hydroxyl group and cyano groups. 
Accordingly, it is possible that both compounds can engage in 
hydrogen bonding during RP-HPLC separations. Similarly, owing to 
the presence of cyano group, dipole-dipole interactions will be 
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prominent during the RP-HPLC separation. Owing to the presence of 
similar functional groups, we initially predicted early retention 
times for 4-CP and NTX-1. 

In general, the efficiency of chromatographic separation depends on 
how distinctly each compound interacts with the stationary phase. 
When two compounds exhibit highly dissimilar interactions, their 
retention times differ significantly, leading to better separation. This 
principle arises from the fundamentals of chromatography, where 
separation is achieved through differences in the compounds' 
affinity for the stationary phase and the mobile phase. 

Dissimilarities in the interactions are evident due to the presence of 
additional nitro group in NTX-1. The electron-withdrawing nitro 
group introduces greater polarity and additional interaction sites. 
Hence, we predicted that the nitro group to participate in strong 
dipole-dipole and hydrogen-bonding interactions with the 
stationary phase, increasing retention. 

Therefore, it was predicted that the NTX-1 to elute later as 
compared to 4-CP. The nitro group makes NTX-1 more polar than 4-
CP, potentially leading to stronger interactions with polar stationary 
phases. Also, the Nitro group reduces the electron density on the 
aromatic ring, potentially weakening π-π interactions with 
stationary phases designed to interact with aromatic systems. In 
contrast, 4-CP may exhibit slightly stronger π-π interactions. In 
summary, we anticipated early elution of 4-CP and NTX-1. Also, due 
to the strong interactions of NTX-1 relative to 4-CP, we predicted 4-
CP to elute earlier compared to NTX-1. 

Most permutations of the mobile phase and stationary phase 
resulted in overlapping peaks of 4-CP and NTX-1. Because 
separation is greatly dependent on the interactions of the analytes 
with the stationary phase, we tried using various RP-HPLC columns 
of different carbon loads. Columns with higher carbon load such as 
in Kromasil 100 led to the merging of the impurity peaks. High 
tailing was observed for compounds with low carbon loads. Optimal 
chromatographic separation was achieved with columns having 13-
15% carbon loads. Hence, Kromasil Eternity XT C18 with 14% 
carbon load was chosen as best suited condition for the experiment. 
In line with our predictions, 4-CP eluted early and NTX-1 later.  

Earlier reported stability indicating RP-HPLC methods [33] used a 
Plackett-Burman design for robustness testing. This method 
characterized the oxidative and hydrolytic degradation products 
using LC-MS. However, process impurities during synthesis are not 
covered in their work. Non-chromatographic estimations such as 
electrochemical methods etc for determination of NTX residues in 
food and milk products cited earlier are excluded from the scope of 
this discussion. The mobile phase composition was fine-tuned to 
balance the interaction between the analytes and the stationary 
phase, ensuring better separation. This involved selecting 
appropriate solvents and optimizing their ratios to enhance the 
retention and elution of compounds. The flow rate and column 
temperature were carefully adjusted to ensure consistent peak 
shapes and reproducibility across runs. 

As a result, the optimized method demonstrated superior 
performance, characterized by high sensitivity, excellent resolution, 
and consistent reproducibility. The refined chromatographic 
conditions enabled the rapid and accurate analysis of target 
compounds, making the method suitable for routine use. 
Furthermore, the systematic approach to optimization highlights the 
importance of a structured methodology in achieving reliable and 
high-quality analytical outcomes. 

Also, NTX is a veterinary API, the study was made simpler and more 
reproducible. General replicate analysis approach was followed to 
ascertain the precision and robustness instead of a statistical 
approach. Robustness was evaluated by causing deliberate variations 
in the method conditions. This enabled to study the impact on peak 
response, separation efficiency and overall chromatography 
parameters. Under routine conditions of variations, the method still 
reproduced without affecting the peak performance characteristics 
such as tailing factor, theoretical plates and relative resolution time.  

A comparison of this method with previous reports in literature could 
not be drawn since impurities were not focussed at that time. In the 

current study, the sensitivity of the method was appropriate to quantify 
impurities to very low levels. The LOD and LOQ achieved under the 
specified method conditions is fairly below the reporting threshold limits 
required by ICH Q3 (R2). Hence, this method can be directly applied 
during routine batch release and stability assessments.  

CONCLUSION 

This study provides an optimized chromatographic method that 
ensures precise and efficient analyte separation. The approach 
underscores the critical role of method development in addressing 
analytical challenges and achieving robust results. This optimized 
method serves as a reliable tool for routine analyses and has the 
potential for broader applications following further validation. 
Absence of interference in the blank interference due to related 
substances and degradation products in this method confirms it to 
be stability-indicating. The calibration curve ranged from 0.5 – 7.5 
ppm for NTX and its impurities. The LOD for NTX is 0.09 ppm and 
LOQ was 0.28 ppm. The LOD for NTX impurity-1 and 4-CP were 0.02 
and 0.04 ppm, respectively, while the corresponding LOQ values 
were 0.06 and 0.13 ppm. In samples spiked with NTX and its 
impurities, the mean recovery was approximately 102.5±2%. The 
LOD and LOQ values are fairly below the reporting threshold values 
based on the maximum daily dose as per ICH Q3A. The validation 
was carried out as per ICH guidelines. The method demonstrated 
good robustness when deliberate changes to the optimized method 
are made. The precision is also within the acceptance criteria. This 
validated method was directly applied for the determination of NTX 
in bulk APIs.  
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