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ABSTRACT

Tuberculosis is a major communicable disease and remains a leading cause of mortality
worldwide. The emergence of multidrug-resistant and extensively drug-resistant TB has created an urgent need
for new anti-tubercular drugs. Pretomanid is a novel nitroimidazole approved by USFDA in 2019 for treatment
of XDR-TB as part of BPal regimen.[1][2]

With the introduction of new drug molecules, development and validation of analytical methods
becomes essential for quality control and regulatory approval. Reversed Phase High Performance Liquid
Chromatography is the most widely used technigue in pharmaceutical analysis due to its high sensitivity, accuracy
and reproducibility.[3][4] This review article provides a comprehensive overview of RP-HPLC methods reported
for Pretomanid. The article discusses method development strategies, optimization of chromatographic
parameters and validation as per ICH Q2(R1) guidelines.[5][6]

Validation parameters such as specificity, linearity, accuracy, precision, LOD, LOQ and
robustness have been explained with data from current work. The review concludes that several simple and rapid
RP-HPLC methods are available for Pretomanid analysis.[7] However, there is scope for development of
bioanalytical and green analytical methods. This article will serve as a useful reference for researchers and quality
control analysts.[8]
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INTRODUCTION

Analytical method development is an essential part of pharmaceutical research and quality control.
It ensures the identity, purity, potency and safety of drug substances and drug products.Among the various
analytical techniques, spectroscopic and chromatographic methods are extensively used for the estimation of
drugs in bulk and formulations.[9]

Ultraviolet-Visible spectrophotometry is one of the most commonly used techniques in
pharmaceutical analysis, It is based on the measurement of absorption of UV-Visible radiation by molecules. The
method is simple, economical, rapid and requires minimal sample preparation.However, UV method suffers from
lack of specificity when more than one component absorbs at the selected wavelength.[10] To overcome the
limitations of UV, chromatographic techniques are preferred.High Performance Liquid Chromatography is a
powerful separation technique used for the analysis of complex mixtures. RP-HPLC offers advantages like high
sensitivity, accuracy, precision and reproducibility. It is widely used for stability studies, bioanalytical studies
and routine quality control of pharmaceuticals.[11]
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The performance of any analytical method must be evaluated through validation. According to
ICH Q2(R1) guidelines, validation parameters such as specificity, linearity, accuracy, precision, robustness,
limit of detection and limit of quantitation should be established to demonstrate that the method is suitable for its
intended purpose.[12] In recent years, the need for new analytical methods has increased due to the development
of novel drugs for tuberculosis, cancer and other diseases. Pretomanid is a newly approved anti-TB drug used in
combination therapy. Despite its clinical importance, literature reports very few validated analytical methods for
its estimation.[5] Therefore, the present review focuses on the overview of UV-Visible and RP-HPLC techniques
and highlights the need for development of simple, sensitive and validated analytical methods for the estimation
of newly approved drugs like Pretomanid in pharmaceutical dosage forms.[13]
Tuberculosis caused by Mycobacterium tuberculosis is one of the top infectious disease
Killers globally. According to WHO Global TB Report 2024, an estimated 10.6million people developed TB in
2023.[14] The emergence of MDR-TB and XDR-TB has made treatment more difficult and prolonged.[15]
Traditional TB treatment requires 6-9 months with multiple drugs. Poor patient compliance leads to development
of resistance. To overcome this challenge, new drugs with shorter treatment duration were needed.[16] In August
2019, the USFDA granted accelerated approval to Pretomanid tablets. It is used in combination with Bedaquiline
and Linezolid in BPaL regimen for treatment of pulmonary extensively drug-resistant or treatment-intolerant
multidrug-resistant TB.This was the first new TB drug approval in more than 40 years.[17][18]Pretomanid
belongs to nitroimidazole class.It has dual mechanism of action. Under aerobic conditions it inhibits synthesis of
myecolic acids. Under anaerobic conditions it releases nitric oxide which kills dormant TB bacteria.[19][20]

NEED OF ANALYTICAL METHODS

After approval of any new drug, it is mandatory to develop analytical methods for quality
control. These methods are required for testing of drug substance, drug product, stability studies and
bioequivalence studies.[21] Among various analytical techniques, HPLC is considered as gold standard. RP-
HPLC is preferred for pharmaceutical analysis because most drugs are polar to moderately polar and can be
separated on C18 columns.[22] RP-HPLC offers advantages like high resolution, reproducibility and short
analysis time.[23] The International Council for Harmonization Q2(R1) guideline provides framework for
validation of analytical procedures. As per ICH, any analytical method must be validated for intended
use.[24][25]

OBJECTIVE

The objective of present review is to compile and critically evaluate all RP-HPL.C methods
reported for Pretomanid. To discuss method development approach. To present validation data as per ICH
guidelines. To identify research gaps and future scope.[26][27]

DRUG PROFILE

Parameter Details
Generic name Pretomanid
IUPAC Name (6S)-2-Nitro-6-{[4 (trifluoromethoxy)phenyl]methoxy}-6,7-

dihydro-5H-imidazo[2,1-b][1,3]oxazine

Molecular Formula C14H12F3N305
Molecular weight 359.26 g/mol
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Drug Class Antimycobacterial Agent
Mechanism Inhibition of mycolic acid + NO release
Dosage Form 200 mg Tablet
Solubility Soluble in Methanol, ACN
A max 320-321 nm

[28-30]

LITERATURE REVIEW

Extensive literature survey was carried out using PubMed, ScienceDirect and Google Scholar.[31]

Table 1: Reported RP-HPLC Methods for Pretomanid

Sr Author & | Column | Mobile Phase | Flow RT Range
Year
1 Kumar et al. | C18 ACN:Water 1.0 4.8 10-60
2021 250mm 60:40 ug/mL
2 Patel et al. | C18 Meth:Buffer 1.0 5.2 25-75
2022 250mm 65:35 ug/mL
3 Sharma et al. | C18 ACN:0.1% 1.2 3.9 5-50
2020 150mm OPA 70:30 ug/mL
4 Raoetal. 2023 | C18 ACN:KH2PO4 | 0.8 3.2 2-20
100mm 55:45 ug/mL
5 Gupta et al. | C18 ACN:Water 1.0 4.6 10-100
2022 250mm 50:50 ug/mL
6 Singh et al. | C18 Meth:Water 1.0 55 20-80
2021 250mm 70:30 ug/mL
7 Joshi et al.|C18 ACN:Buffer 1.0 4.4 15-75
2023 250mm 55:45 ug/mL
8 Zhang et al. | C18 ACN:Buffer 1.0 4.0 10-80
2023 150mm 55:45 ug/mL

Discussion of Literature

From Table 1 it is observed that most authors used C18 column for analysis of Pretomanid.
Acetonitrile was preferred over methanol due to low viscosity, Detection wavelength range was 248-260 nm.
Retention time varied from 3.2 to 5.5 minutes. Linearity range was 2-100ug/mL.All methods were validated as
per ICH guidelines.[32][33]
There is lack of bioanalytical methods for Pretomanid in biological fluids. Also green analytical methods using
eco-friendly solvents are not reported.[34]
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METHOD DEVELOPMENT & VALIDATION

> Materials and Methods
Pretomanid pure drug was obtained as gift sample. HPLC grade Acetonitrile and Water were used. RP-
HPLC system with UV detector was used. The tested Pretomanid tablet formulation containing 200mg dosage
was purchased from local medical store.
Optimized Chromatographic Conditions:
Column: C18 150x4.6mm, 5um
Mobile Phase: Isocratic A:B (35:65) viv
Flow Rate: 1.0 mL/min
Detection: 321 nm
Injection Volume: 10 ul
Column Temp: 27°C

O 0O 00 0 0 VY

Preparation of Standard Solution

Pretomanid stock solution of 1000 pg/mL was manufactured by precisely weighing 10 mg of
pure drug and dissolving it in HPLC grade methanol in a 10 mL volumetric flask with sonication for 5 minutes
before adding methanol to fill the volume. Working standards of 10 to 60 pg/ml were prepared from this stock
by diluting suitable quantities with mobile phase in order to maintain matrix matching for HPLC analysis for
system suitability and precision studies.The 50 pg/ml solution was employed at 100% concentration. For stability,
the solution was stored in an amber vial at 2-8 degrees Celsius. This preparation adhered to ICH Q2 (R1)
requirements, ensuring the correctness of Pretomanid method validation in bulk and tablet dosage forms
Preparation of sample solution: -

20 Pretomanid Tablets were weighed and powered, and powder equivalent to 25 mg of

Pretomanid was precisely weighed and transferred to a 25 mL volumetric flask. Methanol was added to a volume
of roughly 20 mL and the flask was sonicated for 15 minutes. After sonication, the volume was increased to 25
mL with methanol to provide a stock sample solution with a concentration of 1000 pg/mL. 1.25 mL of the filtrate
was pipetted and diluted to 25 mL with mobile phase to achieve a final working sample concentration of 50
mg/ml for HPLC analysis. This concentration is identical to the normal working solution, ensuring that both are
within the same linear range for accurate comparison. In accordance with ICH Q2(R10) guidelines, the produced
sample solution was injected into HPLC for assay determination and procedure validation.

Method Development

Isocratic elution was used for the chromatographic separation at room temperature (27°C).
Methanol was chosen as the main solvent for developing the analytical method because the standard PMD is
significantly dissolved in methanol. VVarious compositions of the mobile phase with different solvents methanol,
acetonitrile, and water in varying combinations were attempted as mobile phase, and low response was
reported. The separation was performed on various stationary phase configurations, and the eluents were
collected. Validation was conducted by investigating the circumstances that produce genuine system suitability.
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Table 2: System Suitability Parameters

Parameter Criteria Result
Retention Time - 4.307
Theoretical Plates NLT 2000 5782.5
Tailing Factor NMT 2.0 1.29

VALIDATION RESULTS

Linearity: Linear in range 50-1500 pg/mL. Correlation coefficient 0.999.
Accuracy: Recovery at three levels. Mean recovery 100.21%.

Precision: Repeatability %RSD 0.24 Intermediate %RSD 0.58.

LOD: 0.10ug/mL.

LOQ:0.30pg/mL.

Robustness: Method robust on small changes in flow and wavelength.
Solution Stability: Stable for 48 hours.

O O 0O O O O O

DISCUSSION

The developed method is simple and uses common solvents. Run time is less than 8minutes. Validation data
meets ICH criteria. Compared to literature methods, present

method has better sensitivity and shorter run

time

Future Scope: Development of UPLC method. LC-MS/MS for PK study. Green method using ethanol.

CONCLUSION

A validated RP-HPLC method was developed for the estimation of Pretomanid.The method was found to be
linear in the concentration range 500-1500ug/mL with correlation coefficient of 0.999. The Intraday precision
was found to be 0.24% RSD. The method was accurate,precise and robust as per ICH guidelines. Hence, the
developed method can be used for routine quality control analysis of Pretomanid in bulk and pharmaceutical
formulations.
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